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A coordination polymer with the [Au(CN)2]2 building block
has been prepared and it exhibits weak Au(I)-mediated
ferromagnetic interactions; the structure illustrates that
aurophilicity is a powerful tool to increase dimensionality,
generating a three-dimensional system from a 1-D poly-
mer.

The design of multidimensional coordination polymers is an
area of intense current interest.1 In particular, as many useful
properties (magnetism, conductivity, host–guest chemistry,
etc.) manifest themselves in 2- or 3-D networks, it is important
to be able to generate high-dimensionality systems. The
incorporation of moieties capable of forming hydrogen bonding
interactions into coordination polymers is perhaps the most
well-developed method for increasing structural dimension-
ality.2 On the other hand, gold(I) centres are known to form
weakly bonding interactions with themselves; these ‘aurophilic’
interactions have the same order-of-magnitude strength as
hydrogen bonds.3 The supramolecular chemistry of gold(I) is
replete with systems that are polymeric by virtue of these Au–
Au interactions,4 but aurophilic interactions have not generally
been used as a tool to increase structural dimensionality in
coordination polymers containing metals other than gold.

Dicyanoaurate, [Au(CN)2]2, is an ideal building block to
explore this concept. The molecule is linear, should readily
form coordination polymers as do other anionic metal–cyanide
units,5 is sterically unencumbered and forms aurophilic inter-
actions in the solid state.6 We present here the first coordination
polymer using this building block in which aurophilic inter-
actions increase the dimensionality from one to three dimen-
sions. M[Au(CN)2]2 (M = Co, Zn) complexes have been
reported to form unusual quartz-like nets in which Au…Au
bonding plays a secondary role.7

The reaction of an aqueous solution of Cu(ClO4)2·6H2O
containing one equivalent of tmeda (N,N,NANA-tetramethylethy-
lenediamine) with an aqueous solution of K[Au(CN)2] (2
equiv.) produced an immediate blue precipitate.8 Elemental
analysis indicated a compound of stoichiometry (tmeda)-
Cu[Au(CN)2]2 (1). The IR spectrum of 1 is diagnostic due to the
presence of multiple absorptions in the CN region. K[Au(CN)2]
has a single absorbance at 2141 cm21; 1 has three CN
absorbances at 2152, 2174 and 2191 cm21. The high-energy
bands likely correspond to bridging CN groups.5 Single crystals
of 1 could be obtained by slow diffusion of the two reagent
solutions in an H-shaped tube. Infrared data were identical for
both the powder and the crystals.

The X-ray crystal structure of 1 confirms the molecular
formula of (tmeda)Cu[Au(CN)2]2 and reveals a polymeric
network.9 Note that, unlike many other linear building blocks
that have been examined (e.g. pyrazine, 4,4A-bipyridyl),10

[Au(CN)2]2 is anionic, and hence chemically uncharged
polymers are generated.11 The Cu(II) centre in 1 has a five-
coordinate, distorted square pyramidal geometry, with one
tmeda and three CN nitrogen atoms completing the coordination
sphere. The asymmetric unit contains three unique gold

centres—Au(2) and Au(3) have CN groups with both ends
bound to a Cu(II), while Au(1) has one Cu(II)-bonded CN group
and the other CN group is free. As shown in Fig. 1, the Cu(1)–
NC–Au(2)–CN–Cu(1*)–NC–Au(3)–CN– fragment infinitely
repeats in the b direction, giving rise to a coordinately bonded
1-D zig-zag chain. The Cu–N(4) bond length of 2.270(8) Å is
significantly longer than the other four Cu–N bond lengths,
hence the dangling [Au(CN)2] unit (Au(1)) is less strongly
bound to the Cu centre than those in the polymer backbone. The
intrachain Cu(1)–Cu(1*) distance is 10.18(1) Å.

Each gold centre is a site for potential aurophilic interactions
to occur. Indeed, the picture of the solid-state structure is
incomplete without including them. The Au(2) and Au(3) atoms
in the backbone of the 1-D zig-zag chain form interchain
Au…Au bonds of 3.5378(8) Å in the a direction (i.e. out of the
plane of the paper). This distance is less than the sum of the van
der Waals radii of two Au atoms (3.60 Å)3 and is hence a viable,
weak Au…Au interaction. This effectively joins two 1-D chains
together to form a 2-D array of alternating 1-D zig-zag chains in
the ab plane, as shown in Fig. 1. Each Au(2) and Au(3) centre
is loosely four-coordinate.6

On the dangling Au(CN)2 unit, Au(1) forms moderate
Au…Au interactions of 3.345(1) Å with Au(1*) on the adjacent

Fig. 1 Extended 2-D structure viewed down the a axis of (tmeda)-
Cu[Au(CN)2]2 (1), with its numbering scheme, showing a 1-D coordinately
bonded zig-zag chain in the b direction, connected in the a direction by
Au…Au bonds to an adjacent, inverse-sense chain (ORTEP, 50%
ellipsoids). Tmeda-methyl groups have been removed for clarity. Selected
bond lengths (Å) and angles (°): Cu–N(1) 2.006(9), Cu–N(2) 1.992(8), Cu–
N(4) 2.270(8), Cu–N(5) 2.048(8), Cu–N(6) 2.080(8), Au(2)–Au(3)
3.5378(8), Cu–Cu* 10.18(1); N(1)–Cu–N(2) 91.6(4), N(1)–Cu–N(4)
103.6(3), N(1)–Cu–N(5) 90.5(3), N(1)–Cu–N(6) 157.2(3), N(2)–Cu–N(4)
89.3(4), N(2)–Cu–N(5) 176.2(4), N(2)–Cu–N(6) 91.2(4), N(4)–Cu–N(5)
93.3(3), N(4)–Cu–N(6) 99.0(3), N(5)–Cu–N(6) 85.7(4), Cu–N(1)–C(1)
165.2(9), Cu–N(2)–C(2) 171.2(9), Cu–N(4)–C(4) 166.9(9).
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1-D chain in the b direction (i.e. in the plane of the page),
yielding a ladder-rung type motif running parallel to the 1-D
chains. This Au…Au bonding in the bc plane, connecting the
2-D array of chains illustrated in Fig. 1, transforms the structure
into a true three-dimensional system, as shown in Fig. 2. The
presence of gold…gold interactions has effectively increased
the dimensionality from a 1-D coordination polymer to a 3-D
system.

The variable temperature magnetic susceptibility of 1 was
measured from 2 to 300 K at a field strength of 1 T.12 At 300 K,
meff is equal to 1.94 mB, a value typical for a system of isolated
Cu(II), d9, centres. This value steadily increases on decreasing
the temperature, behaviour indicative of ferromagnetic inter-
actions, to a maximum value of 2.05 mB at 25 K, below which
temperature it decreases on further cooling. This latter decrease
could arise either from the onset of saturation effects or very
weak antiferromagnetic exchange. From a magnetic point of
view, 1 could be considered as a 1-D chain, assuming that
negligible magnetic interactions are propagated through the
Au…Au bonds. We were unable to model the magnetic data
over the entire range of temperatures studied. However, the cM
vs. T data above 30 K were successfully fitted to theory
employing the polynomial expression of Baker et al. for a 1-D
ferromagnetic chain of S = 1/2 spins.13 The magnetic moment
versus temperature data are shown in Fig. 3, where the solid line
is calculated from theory employing the best fit values of g =
2.22 and J, the exchange coupling constant, 2.34 cm21. From
this analysis it appears that the diamagnetic Au(CN)2

2 unit may
propagate weak ferromagnetic coupling in this compound. Note

that in the related [Ni(en)2]3[Fe(CN)6](PF6)2 system, the
diamagnetic Fe(II) cyanide unit also mediates ferromagnetic
interactions between the Ni(II) centres.14

In summary, a new coordination polymer with the neglected
[Au(CN)2]2 building block has been prepared and crystallized.
The structure confirms the concept that aurophilicity is a
powerful tool to increase dimensionality in supramolecular
coordination polymers.
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Fig. 2 Complete three–dimensional structure of 1. Tmeda ligands have been
removed for clarity. Au(1)–Au(1*): 3.345(1) Å.

Fig. 3 Magnetic moment versus temperature plot for 1. The solid line is
theory (see text).
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