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Metal-directed supramolecular self-assembly1 has produced
in the last years fascinating results in two topical areas dealing
respectively with (i) the deliberate construction of molecular
interlocked/intertwined species, like rotaxanes, catenanes, knots,
and helicates,2,3 and (ii) the crystal engineering of extended 2D
and 3D networks.4,5 Conformationally flexible ligands are
typical building elements in the former area, while in the latter
essentially rigid rodlike organic units are usually employed to
connect the metal centers. However, one of the first examples
of diamondoid coordination networks (6-fold interpenetrated),
reported many years ago, was based on Cu(I) ions and the
flexible bidentate adiponitrile,6 and some interesting interwoven
frames incorporating metal ions and flexible-chain linkers have
been recently described.7

Extending our previous work on the self-assembly of
coordination networks based on Ag(I) salts of noncoordinating
anions and bidentate aromatic N-donor bases,8 we are now
studying the reactivity of the flexible 1,3-bis(4-pyridyl)propane
ligand (bpp), which can assume different conformations (TT,
GT, GG, andGG′). We have already observed that bpp reacts
with AgBF4 and AgClO4 in the ratio 2:1 to give 2-fold
interpenetrated diamondoid networks, which will be reported
elsewhere.9 Unexpectedly, the same reaction performed with
Ag(CF3SO3) leads to completely different and noteworthy
products, including an infinite double helix and a 1D tubular
species, comprised of rings threaded with free bpp molecules
in a pseudorotaxane-like fashion,10 which are here described.
The reaction of Ag(CF3SO3) with bpp was carried out by

carefully layering over a CH2Cl2 solution (4 mL) of the ligand
(0.0725 g, 0.366 mmol) an ethanolic solution (5 mL) of the
silver salt (0.047 g, 0.183 mmol). The fast formation of crystals
of a polymeric species, [Ag(bpp)](CF3SO3)‚EtOH (1), was
observed at the interface. This is unstable when removed from
the mother liquor, and its nature has been established thanks to

a fast X-ray data collection on a coated crystal.11 It consists of
parallel 1D sinusoidal chains (period 24.6 Å), with the ligand
in a TT conformation (see Figure 1, top). The chains are well
separated and intercalated by the anions and by solvated ethanol
molecules.
Slow evaporation of the above reaction mixture produced

novel species. After some days crystals, more stable in the air
than those of1, were observed on the walls of the reaction
vessel, corresponding to [Ag(bpp)](CF3SO3) (2). Further
evaporation left a crystalline crust on the bottom, of composition
[Ag2(bpp)4](CF3SO3)2‚bpp (3). Both compounds2 and3 have
been characterized by single-crystal X-ray analysis.11

The structure of2 shows the balanced packing of left-handed
and right-handed double helices of cationic-Ag-bpp-Ag-
bpp- chains, extending in direction of thea axis. The period
of the helices, 21.1 Å (2a), is shorter than that of the polymer
in 1 since the conformation of the ligand is different, of the
GG′ type (see Figure 1, middle and bottom, and Figure 2).
Though the presence of intertwined helical chains as components
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Figure 1. The wavelike polymer of1 (top) and two views of the double
helix of 2 down two normal directions, [010] (middle) and [001]
(bottom).
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of 3D networks has been sometimes evidenced,12 discrete
infinite polymeric double helices are quite rare in inorganic and
coordination chemistry. We have been able to find only one
previous example,i.e. the silver thiolate [Ag(SCEt2Me)],
comprised of chains with sequences of 8 independent alternating
Ag(I) cations and SR- anions.13 As the two spirals of DNA
are connected by hydrogen bond bridges, in2 the two strands
are bridged by weak Ag‚‚‚Ag aurophilic (d10-d10) interactions14
of 3.089(1) Å. However, the nature of these interactions is often
not clearly understood, and somewhat shorter Ag‚‚‚Ag contacts
of this kind have been considered attractive in some cases,e.g.
in [Ag(4,4′-bipyridyl)]NO3,15 but also repulsive, in [Ag(SCEt2-
Me)].13 In the direction of these Ag‚‚‚Ag contacts the two
helices in2 show remarkable compression normal to the spiral
axis (see Figure 2, bottom). The silver ions display also an
outward weak contact with an anionic oxygen atom [2.663(7)
Å].
The peculiar self-organization of the 1D chains in2 Vs the

more usual situation found in1 and, possibly, the conversion
of 1 into 2 are not simple to rationalize. Probably a major role
is played by thefacile reversible dissociation of the Ag-N bonds
in these polymers, which suggests that a concerted ligand
scrambling can occur in a pair of parallel chains weakly
connected by Ag‚‚‚Ag interactions. Fujita, Ogura, and co-
workers have recently proposed a mechanism for the formation
of a [2]-catenane from two molecular rings in terms of ligand
exchange between labile Pd-N bonds.16

Compound3 contains 1D polymers comprised of [Ag2(bpp)2]
rings (24-membered macrocycles), which are interlinked by two
other bpp ligands, to form tubular-like arrays (see Figure 3a),
all running in a parallel direction. The silver ions are 4-con-
nected and display a distorted tetrahedral coordination geometry.
The conformation of the bpp molecules changes fromTTwithin
the rings toTG for the inter-ring ones. An unusual feature is
the presence of solvated bpp molecules threading the rings of
the polymer. This motif (see Figure 3b) is reminescent of the
structure of organic pseudorotaxanes,10 though in3 only weak
interactions can be envisaged between the rings and the guest
molecules, which are statistically distributed on two close
centrosymmetric locations. This polymeric architecture is, to
our knowledge, unprecedented in coordination chemistry. We
can consider3 as an example of a polypseudorotaxane (sche-
matically shown in Figure 3c). Also the anions are contained
inside the tubules, in the regions midway between the rings.
Further studies involving other long flexible bidentate ligands

are in progress. Though structural control is quite difficult in
these systems, very interesting motifs can be isolated, as shown
by some recently reported fascinating molecular devices embed-
ded in extended frames,17 which introduce novel perspective in
this area of supramolecular chemistry.

Supporting Information Available: X-ray crystallographic files,
in CIF format, for compounds1-3 are available on the Internet only.
Access information is given on any current masthead page.
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Figure 2. Space-filling representations of the double helix of2 down
two directions normal to the helical axis, [010] (top) and [001] (bottom). Figure 3. (a) View of the empty tubular polymer of3. (b) A single

macrocycle showing the threading solvated molecule (two centrosym-
metrically related half-molecules, filled and empty circles). (c) Scheme
of the polymeric pseudorotaxane motif of3.
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