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The cocrystallization of [Cu(SCN)]n chains and [Cu2(4,4′-bpy)(CN)2]n
(4,4′-bpy ) 4,4′-bipyridine) layers generated a 3-D pseudopoly-
rotaxane compound, [Cu2(4,4′-bpy)(CN)2]‚[Cu(SCN)] (1), which can
also be viewed as a 3-D network constructed by linkages of 2-D
sheets and 1-D chains via unsupported CuI−CuI interactions. The
CuI−CuI contact of 2.651(4) Å in 1 is the shortest unsupported
CuI−CuI distance documented to date, indicating cuprophilic
attractions.

The attractive interactions between closed-shell d10 metal
centers have received extensive attention because they play
an important role in the optical and electronic properties of
polynuclear d10 metal complexes.1 This behavior has been
particularly well documented for gold, with the term “au-
rophilicity” being used to describe AuI-AuI interactions that
are theoretically attributed to correlation and relativistic
effects.2 The occurrence of analogous metallophilic effects
involving lighter copper atoms has been the subject of a long
debate because most structurally characterized complexes
featuring short CuI-CuI contacts are associated with ligand-
bridged, hydrogen-bonded, electrostatic-attracted, andπ-π-
stacked effects.1c,d,3,4 Unambiguous experimental evidence
for cuprophilicity relies on the isolation of complexes
featuring unsupported CuI-CuI contacts that are not associ-
ated with network restrictions, hydrogen bonds, electrostatic
forces, andπ-π-stacking interactions. To date, the structur-

ally characterized complexes having reliable cuprophilic
interactions are neutral [CuLA]3 {HLA ) 2-[3(5)-pyrazolyl]-
pyridine} and [tBuCu(CN)Li‚(OEt2)2] as well as a negatively
charged ([CuCl2]-)2 dimer.5 It remains a great challenge to
give direct evidence of cuprophilicity by the synthesis of
CuI complexes with unsupported CuI-CuI contacts.

One the other hand, polycatenanes, polyrotaxanes, pseudo-
polyrotaxanes, and polyknots are also of current interest be-
cause their linkages are related to the classification of isomers
within organic molecules, organic polymers and biopolymers,
natural and synthetic forms of DNA, and so on.6 In our
continuing effort to develop copper complexes,7 we synthe-
sized a cocrystallized compound [Cu2(4,4′-bpy)(CN)2]‚
[Cu(SCN)] (4,4′-bpy ) 4,4′-bipyridine) (1), which is a 3-D
pseudopolyrotaxane constructed by [Cu(SCN)]n chains and
[Cu2(4,4′-bpy)(CN)2]n layers. Selectively,1 can be viewed
as a (3,4)-connected 3-D network formed by linkages of
2-D (6,3) sheets and [Cu(SCN)]n chains via unsupported
CuI-CuI interactions.

Hydrothermal reaction of Cu(MeCO2)2, NH4SCN, 4,4′-
bpy, and water in the molar ratio of 2:2:1:1300 at 150°C
for 10 days resulted into pale brown block crystals of1 in
45% yield.8 The infrared spectra show intense stretching

* To whom correspondence should be addressed. E-mail: zhangxm@
dns.sxtu.edu.cn.
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absorptions at 2158 and 2074 cm-1 assigned to the CtN
vibration from thiocyanate and cyanide, respectively. The
wavenumber of the CtN vibration from SCN- is higher than
that of the corresponding stretch in [Cu2(SCN)2(pyz)] and
[Cu2(SCN)2(4,4′-bpy)], reflecting the stronger coordination
of the S donor in1.9 The desulfation of thiocyanate anions
to form cyanides was documented recently by us, which
indicates that sulfur atoms of thiocyanate anions are con-
verted into sulfate anions.7c The similar oxidization-de-
sulfation of thiocyanate anions to form cyanides was
documented by Schug et al.10

X-ray crystallography11 reveals that1 is a 3-D pseudopoly-
rotaxane with [Cu(SCN)]n chains penetrating [Cu2(4,4′-bpy)-
(CN)2]n layers. Compound1 crystallizes in monoclinic space
group C2/m, and the asymmetric unit consists of 10 crys-
tallographically independent non-hydrogen atoms, as shown
in Figure 1. The C1, C2, and C4/N2 atoms localize general
positions. Cu2 and SCN- are imposed by a crystallographic
C2 axis, which causes the disorder of Cu2 and the SCN-

group. The crystallographic mirror plane passes through the
Cu1, Cu2, N1, C3, S1, C5, and N3 sites. The indistinguish-
able C4 and N2 atoms of cyanide occupy the same sites.
The C4-N2 distance of 1.129(16) Å is the typical CtN
bond length of cyanide.7c Cu1 shows a trigonal geometry,
coordinated by one pyridine N and one C and one N from
two cyanides. Cu2 shows close to linear geometry, coordi-
nated by one S and one N from two SCN- groups.
Compound1 is EPR-silent, which indicates that both Cu1

and Cu2 are monovalent. The Cu1-Cu2 distance is 2.651-
(4) Å, which is not associated with ligand-bridged, hydrogen-
bonded, electrostatic-attracted, orπ-π-stacked effects, in-
dicating genuine unsupported CuI-CuI contacts. Only a few
ligand-unsupported CuI-CuI contacts have been reported up
to now, and some of them are associated with hydrogen-
bonded, electrostatic-attracted, orπ-π-stacked effects. These
ligand-unsupported CuI-CuI contacts are usually formed
between linear two-coordinate CuI centers such as [Cu3(CN)-
(IN)2]n,4c [Cu(NH3)Cl],4b [CuL]+[CuCl2]- [L ) 1,1′-bis(2-
pyridyl)octamethylferrocene],4a [Cu(NH3)2]Br, ([CuCl2]-)2,5b

and [tBuCu(CN)Li(OEt2)2]5c or between three-coordinate CuI

centers such as [CuLA]3
5a and [Cu2(obpy)2]2

4d (Hobpy )
1H-2,2′-bipyridinyl-6-one). Different from them, the
CuI-CuI contact in1 is formed between two- and three-
coordinate CuI centers. It is worth noting that the ligand-
unsupported Cu1-Cu2 distance of 2.651(4) Å in1 is the
shortest among the observed ligand-unsupported CuI-CuI

distances (including hydrogen bonded, electrostatic attracted,
andπ-π stacked).

Compound1 consists of two types of neutral coordination
polymers, as shown in Figure 2. One is a [Cu(SCN)]n chain,
and the other is a [Cu2(4,4′-bpy)(CN)2]n layer with (6,3)
topology. The linkage of thiocyanate in aµ-S,N mode to
Cu2 atoms generates a [Cu(SCN)]n chain. The coordination
of Cu1 atoms and cyanides forms the [Cu(CN)]n chain, and
the adjacent [Cu(CN)]n chains are further bridged by 4,4′-
bpy to finish the (6,3)-topological [Cu2(4,4′-bpy)(CN)2]n

layer. Within the layer, there are hexagonal units sized at
ca. 13.8× 9.4 Å, and each is enclosed by six Cu1 atoms,
four cyanides, and two 4,4′-bpy groups. The layers are
stacked along thea-axis direction in a parallel fashion with
the sequence of AB, and this gives rise to channels of ca. 6
× 6 Å along thec-axis direction (Figure S1 in the Supporting
Information). One should note that the [Cu(SCN)]n chain in
1 is dually disordered (Figure S2 in the Supporting Infor-
mation) and each channel is penetrated by one [Cu(SCN)]n

chain (albeit it looks like two [Cu(SCN)]n chains, as shown
in Figure S3 in the Supporting Information) in an inclined
way to form the 3-D pseudopolyrotaxane (Figure 3). Pseu-
dopolyrotaxanes are uncommon in coordination polymers.6b

As for pseudopolyrotaxanes with 2-D sheets penetrated by
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Figure 1. View of the coordination environments of copper atoms in1
with 35% thermal ellipsoid probability. Selected bond lengths (Å) and angles
(deg): Cu1-N2, 1.899(8); Cu1-C4a, 1.899(8); Cu1-N1, 2.082(10);
Cu2-S1, 2.455(4); Cu2-N3b, 1.889(19); Cu1-Cu2, 2.651(4); N2-C4c,
1.129(16); N2-Cu1-C4a, 145.7(6); N2-Cu1-N1, 107.0(3); C4a-Cu1-
N1, 107.0(3); N3b-Cu2-S1, 156.7(9). Symmetry codes: (a)x, -y + 1,
z; (b) x, y, z - 1; (c) -x + 1/2, -y + 1/2, -z.

Figure 2. View of the neutral 2-D [Cu2(4,4′-bpy)(CN)2]n layer (top) and
1-D [Cu(SCN)]n chain (bottom) in1.
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chains, only one Cd complex and one Ag complex have
been reported.12 The Cd complex having the formula
[(A)(B)(C)]NO3 [(A) ) [Cd(L)2(NO3)2], (B) ) [Cd4(L)4-
(NO3)6(MeOH)6]2+, (C) ) [Cd(L)(NO3)3]-, where (L)) 4,4′-
bis(4-pyridyl)biphenyl] was reported by Fujita, in which 2-D
large square grids stack in an offset fashion, forming channels
that are threaded by ladders B and chains C. The Ag complex
is formulated as [Ag(bpp)][Ag2(bpp)2(ox)](NO3) [bpp) 1,3-
bis-(4-pyridyl)propane, ox) oxalate], which has 3-D
architecture with 1-D polymeric [Ag(bpp)]+ chains penetrat-
ing 2-D (6,3)-topological [Ag2(bpp)2(ox)] sheets. The co-
crystallization of two neutral structural motifs and unsup-
ported CuI-CuI interactions make1 quite different from the
two documented pseudopolyrotaxanes.

Considering weak unsupported CuI-CuI interactions, the
pseudopolyrotaxane of1 is a (3,4)-connected 3-D network
constructed by [Cu2(4,4′-bpy)(CN)2]n layers and [Cu(SCN)]n

chains via unsupported CuI-CuI interactions. To be noted,
after consideration of the dual disorder of the [Cu(SCN)]n

chain, half of the Cu1 atoms remain 3-connected in the (3,4)-
connected network (this can also be easily understood from
the 2:1 molar ratio of Cu1 to Cu2). The shortSchläfli symbol
for a trinodal (3,4)-connected network is (63)Cu1(102‚12)Cu2-
(63‚103)Cu1 (Figure S4 in the Supporting Information).

Compared to the metal-metal distance in the open-shell
metallic copper (2.556 Å) and the sum of the van der Waals
radii of CuI atoms (2.80 Å),13 the unsupported Cu-Cu
distance of 2.651(4) Å in1 is closer to the former. From a
space-filling point of view, the penetration of [Cu2(4,4′-bpy)-

(CN)2]n layers by [Cu(SCN)]n chains via the centers of the
channels formed by stacking of [Cu2(4,4′-bpy)(CN)2]n layers
is advantageous in minimizing intermolecular repulsion
forces. However, the [Cu(SCN)]n chains in 1 apparently
deviate from the centers of the channels, indicating that
CuI-CuI contact in1 is not dictated by space-filling effects.
Therefore, the CuI-CuI contact in 1 represents genuine
cuprophilicity.

A solid UV-vis spectrum shows little absorption in the
visible range, consistent with pale brown color of1.
Compound1 is thermally stable up to 175°C in air, and the
decomposition of ligands is not finished up to 650°C. In
solid state,1 shows an intense emission band centered at
372 nm upon photoexcitation (λex ) 220 nm). In view of
the short Cu‚‚‚Cu distance in1, the emission is tentatively
assigned to originate from the ligand 4,4′-bpy-centered
excited state modified by Cu‚‚‚Cu interactions.

In summary, the cocrystallization of [Cu(SCN)]n chains
and [Cu2(4,4′-bpy)(CN)2]n layers generated a pseudopoly-
rotaxane or a (3,4)-connected 3-D network. The shortest
unsupported Cu-Cu distance of 2.651(4) Å was observed.
The preparation of1 also demonstrates that the weak
cuprophilicity can be used to construct an interesting
supramolecular array.
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Figure 3. View of the 3-D pseudopolyrotaxane along thec-axis direction
showing [Cu(SCN)]n chains penetrating [Cu2(4,4′-bpy)(CN)2]n layers and
unsupported CuI-CuI interactions. The Cu and S atoms are represented by
brown and green balls, respectively.
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