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Novel triple-stranded binuclear helical complexes of silver(I)
with various coordination modes are generated from the simple
imine-based rigid ligand L (pyridylmethylketazine) via self-
assembly in the presence of concentrate silver salts upon
crystallization.

Over the past decade, the coordination motif has been
established as a powerful tool in the design and self-assembly of a
wide variety of supramolecular aggregates.1 The application of
metal-ligand interactions has proved particularly fruitful and
complex molecular architectures2 (such as helicates, knots,
catenanes, and boxes) have well been assembled. Mixing ligands
and metal ions may yield mixtures of complexes resulting from
the reversible combination of the different constituents. For
silver(I) ion, the stereochemistry of silver(I) complexes appears to
be modulated by many factors such as the nature of the ligands,
solvents, steric requirements of anions, etc.3{5More interestingly,
a series of unprecedented aggregates of silver(I) have been
prepared in silver-rich environments through thermodynamic
assembly processes.6

In our previous studies, we prepared a discrete silver(I)–
based double helicates7 derived from L (pyridylmethylketazine)
and AgClO4 in 1 : 1 molar ratio, in which each ligand binds two
Ag atoms in bis-bidentate coordination modes. To test the effect
of ion-rich environment on the assembly of complexes, we herein
synthesized two discrete fantastic triple helical complexes of
silver(I) via self-assembly in the presence of great excessive
assistant ions.

When reaction ligand L with AgClO4 (molar ratio ¼ 1 : 1)
gives double-helicate [Ag2L2][ClO4]2,

7 interaction ligand L with
AgClO4 in same molar ratio, however, generates a triple-helical
complex [Ag2L3][ClO4]2�(H2O)3 1

8 in the presence of excessive
NaClO4. The elemental analytical data is consistent with the
formation of triple helice. The crystal structure of 1 reveals that it
is a crystallographic C3 symmetric binuclear triple helicate
(Fig. 1).9

This complex crystallizes in the cubic crystal system with
space group I23, and only one third of the triple helicate is found in
an asymmetry unit. The silver(I) atoms occupy at crystallographic
3-fold axis special positions with a metal� � �metal separation of
ca. 4.54 �A, and the mean-square line passing through the metal
ions of the helix shows a crystallographic 3-fold symmetry. The
ligands of the helice are strongly disordered with each atoms of
the ligand statistically occupied on two positions. Each ligand
coordinates to Ag atoms by bis-dentate pyridylimine units. Each
metal center is bound to three pyridylimine units in fac
configuration to attain two different C3 pseudo-octahedral
geometries with three equivalent Ag–N (pyridyl) and Ag–N
(CH¼N) bonds, respectively. The Ag–N bond lengths are in the
range of 2.51–2.64 �A and the lengths to both imine and pyridine
units are significantly different. The bis-didentate pyridylimine

units are essentially planar. Helical twisting in the bis-didentate
strand is dramatic about the central N–N bond (111.7�). Though
numerous helical silver(I) complexes have been assembled,5c,5a,10

discrete triple-stranded helical complexes of silver(I) were rarely
documented up to the present.3

To provide other evidence supporting the above suggestion,
we choose AgPF6 react with L (Ag(I) : L ¼ 1 : 1) in ion-rich
environment and obtain triple-stranded helicate [Ag2L3][PF6]2
(Fig. 2) in a high yield.11 The silver(1) centers are coordinated in

Figure 1. Molecular structure of the triple helicate 1 with
hydrogen atoms, solvents and anions omitted for clarity. Selected
bond lengths ( �A): Ag(1)–N(1) 2.532(7), Ag(1)–N(2) 2.618(8),
Ag(2)–N(4) 2.521(9), Ag(2)–N(3) 2.681(10).

Figure 2. Molecular structure of the triple helicate 2 with
hydrogen atoms and anions omitted for clarity. Selected bond
lengths ( �A): Ag(1)–N(1) 2.496(4), Ag(1)–N(6) 2.551(4), Ag(1)–
N(5) 2.649(5), Ag(1)–N(4A) 2.537(4), Ag(1)–N(3A) 2.670(5),
symmetry code A: 1� x, y, �0:5� z.
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an unusual five-coordinate distorted trigonal bipyramidal
environment. One ligand uses all four donor atoms to coordinate
as bis didentate ligand to the two metal centers, the other two
ligands uses only three donors and coordinate as a didentate to one
metal and monodentate to the other with a noncoordinated imine
residue acting as a spacer unit between the binding sites. The
structure is thus distinct from that observed in compound 1. It is
said that the difference in helical geometries on the two structures
is based on the influence of the counter anion. In addition,
although complex 2 and the related [Ag2L3][PF6]2 complex
reported by Honnon et al.3 are almost same both in the molecular
formation and molecular geometry, their crystals have different
cell parameters. It seems that the difference in cell parameters is
mainly controlled by difference in �–� stacking interactions
between pyridymethylketazine moieties. However, when the
mixture of ligand L and silver(I) acetate (1 : 1) was treated with
NH4PF6, two different complexes [AgnLn][PF6]n and
[Ag2L3][PF6]2 appeared.3 And only when the experiment was
carried out with Ag(I) : L ¼ 2 : 3, pure [Ag2L3][PF6]2 was
obtained, This result confirmed the power exerted by ion-rich
environments on the crystallization of the products. A 1 : 1
combination of L with Ag(I) generates in solution an equilibrating
mixture of the self-assembled inorganic architectures, which
converts into the single spices [Ag2L3] in the solid state upon
crystallization in high-dense salt solutions.

In summary, adding great excessive assistant salts to the
solutions of corresponding Ag(I) salts and ligand L may lead to
the formation of unusual triple helical silver(I) complexes in the
solid state. The self-assembly of such polynuclear species is a
complex process of dynamic combinatorial chemistry (DCC),
and triple helicates may be trapped by crystallization in the
presence of suitable ancillary anions and neutral ligands. Such a
strategy is in a way for extension of Lehn’s virtual combinatorial
library (VCL) concept.12 We are currently extending our studies
to apply this principle to more sophisticated supramolecular
arrays.
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