
           

A metallo-supramolecular double-helix containing a major and a minor groove
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Control of the microarchitecture in a metallo-supramo-
lecular double-helical array results from inter-strand edge–
face p-stacking interactions which pull the ligand strands
together thereby creating two distinct helical grooves (major
and minor).

Double-helical molecular architectures retain a unique fascina-
tion because life itself is encoded within double-helical DNA
arrays. The assembly of synthetic double-helical architectures
through metallo-supramolecular design has been an area of
intense activity and the construction principles necessary to
assemble a double-helix are now fairly well established.1
However challenges in defining the precise topography or
conformation of the helical superstructure remain. To this end,
we have recently illustrated how careful selection of the spacer
group used to separate the metal-binding domains can be used
to control the directionality of ligand strands within a helix.2 We
wish now to report a system, based on our inexpensive and
readily-prepared imine ligands,2,3 in which p-stacking inter-
actions between the spacer groups control the microarchitecture
of the helix and give rise to a double-helix containing major and
minor grooves reminiscent of B-DNA.

The two distinct grooves in B-DNA arise from the positions
through which the sugar–phosphate backbones are connected to
the purine and pyrimidine bases; the two strands are not
arranged along the vector of the cohesive forces (hydrogen
bonds) which hold the helix together but both displaced to one
side. This contrasts with the situation found in most synthetic
metallo-helicates. The metal binding units usually form an
integral part of the ligand backbone.1 The inherent coordination
preferences of the metal ions used in the assembly process (most
commonly octahedral or tetrahedral) position these binding
units (and hence the ligand strands) symmetrically on opposite
sides of the helix. This leads to two equivalent grooves.
Achieving distinct grooves within metallo-helicate archi-
tectures of this type would therefore appear to require ligand
strands that are predisposed to associate on one side of the
helical axis.

We have recently described triple-helical complexes formed
from the reaction of ligand L1 with octahedral metal ions.3 In
these triple-helical architectures, inter-strand face–edge p-
stacking interactions (aromatic C–H…p)4 are observed be-
tween the phenylene rings of the diarylmethane spacer-groups.
Such secondary inter-strand interactions might provide a
suitable tool for controlling the spatial orientation of ligand
strands in a double-helicate superstructure and we have
therefore examined the effect of interacting ligands of this type
with tetrahedral metal ions.

Ligand L2 is prepared in 93% yield by mixing ethanolic
solutions containing 2 equivalents of 2-quinolinecarbaldehyde
and 1 equivalent of 4,4A-methylenedianiline. Reaction of L2

with silver(i) acetate in methanol yields a pale-yellow solution
from which a yellow solid is obtained on treatment with
[NH4][PF6].5 Mass spectrometry (FAB and ESI) is consistent
with the formation of a dimeric species of formula
[Ag2(L1)2][PF6]2. Recrystallisation of the compound from
acetonitrile by benzene diffusion afforded X-ray quality crystals
and we have determined the X-ray crystal structure to examine
the molecular conformation.6

The structure reveals a dimeric [Ag2(L2)2]2+ cation (Fig. 1).
Each silver(i) centre occupies a four-coordinate pseudo-

Fig. 1 View of the cation [Ag2(L2)2]2+.
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tetrahedral environment bound to two pyridylimine units, one
from each ligand. The two ligands wrap around the metal–metal
axis giving rise to a double-helical structure, both enantiomers
of which are observed. The phenyl rings of the diarylmethane
spacer, which separates the metal binding units, are face–edge
p-stacked4 with those on the adjacent ligand strand (centroid–
centroid: 5.1 and 5.2Å). To achieve this the two ligand strands
are pulled together on one side of the helical axis and this leads
inevitably to the presence of two distinct grooves (major and
minor). The solid state structure reveals a benzene solvent
molecule located in the larger (major) groove, however no
specific interactions (face–face or face–edge p–p) are identifi-
able between this benzene and the walls of the groove.

While the solid state structure reveals this sophisticated
helical microarchitecture, the solution behaviour is more
complicated.5 Electrospray mass spectrometry reveals the
presence only of dinuclear {M2L2} species. There are two
possible basic configurations for such a species. The two ligand
strands may either wrap around the metal–metal axis (rac-
isomer) giving rise to a double-helix or one may pass above the
metal–metal axis while the other passes beneath (meso-isomer)
giving a non-helical metallo-cyclophane.2,7 The room tem-
perature 1H NMR spectrum of an acetonitrile solution of the
silver(i) complex reveals a single set of proton resonances.
However on cooling (233 K, 400 MHz) the resonances broaden,
indicating some form of fluxional behaviour. The spectrum in
dichloromethane solution is broadened at room temperature,
and at low temperature (193 K, 400 MHz) reveals two discrete
solution species. The (non-diastereotopic) CH2 protons permit
assignment of these species. For the rac- (helical) isomer the
protons are equivalent and a single resonance is observed while
in the meso-isomer the structure of the metallo-macrocycle
renders them inequivalent and two doublets result. The
equilibrium between these species is temperature dependent
with the percentage of helical isomer present increasing with
decreasing temperature, indicating that this isomer is favoured
enthalpically.8 Two phenyl resonances are observed for the
helix; four would be expected in a frozen-out p-stacked
configuration. In view of the weak nature of p-stacking
interactions it is perhaps unsurprising that this is not observed
and it is unclear whether in solution the helical isomer does
contain two distinct grooves or whether it has relaxed into a
more conventional double-helicate structure with equivalent
grooves. The absence of significant upfield shifts for either of
the phenyl resonances might support the latter.

We have shown that secondary interactions between the
spacer units may be used to control the superstructure of a
helical array in the solid state. We are currently extending our
studies to examine further routes for controlling the precise
microarchitecture of supramolecular arrays.
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