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A major part of supramolecular chemistry1 deals with the
helical structural motif because of its importance in biological
systems and in asymmetric catalysis.2,3 Among the helical
biomolecules, collagen is one of the most abundant proteins in
mammals and is distinctive in forming high tensile strength
fibers. A collagen helical strand differs from theR-helix4 in
that (i) the structure is stabilized not by H-bonding, as in the
R-helix, but by the steric demands of its pyrrolidone rings and
(ii) the collagen helix is more open (higher-pitched) than the
R-helix. The synthesis5 and X-ray structural study6 of the model
homopolypeptide poly(L-proline) led the way to a spurt of
investigations7 involving this and related compounds. Here we
report the synthesis,8 X-ray crystal structure,9 and magnetic

properties of an infinite helical chain of a Cu(II)-thioether-
carboxylate complex, [CuL]n(H2O)n, 1, an “inorganic” analogue
of collagen’s topology.

The structure (Figure 1) consists of infinite chains of roughly
octahedrally coordinated copper(II)-ligand units linked by
Cu-O bonds. Each doubly deprotonated ligand acts as penta-
dentate to one copper(II) and as monodentate to a neighboring
copper(II) center. The three sulfur donor atoms are coordinated
to the corners of one of the triangular faces of the pseudo-
octahedron. Two oxygen atoms (O(11) and O(12)) of one of
the two carboxylate groups bridge two copper(II) centers, while
the second carboxylate group is monodentate with a non-
coordinated oxygen atom hydrogen bonded to a water molecule.
Bond distances between the bridging carboxylate oxygen and
copper(II) atoms are 1.969(2) (Cu-O(11′)) and 2.220(2) (Cu-
O(12)) Å. While the Cu-O(11) distance is comparable to the
commonly observed13 bond lengths between bridging carbox-
ylate oxygen and copper(II), the Cu-O(12) distance is some-
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Figure 1. ORTEP stereoview of the Cu-ligand unit in [CuL]n(H2O)n,
1. Selected bond lengths (Å) and angles (deg): Cu-S(2) 2.459(1), Cu-
S(5) 2.357(1), Cu-S(8) 2.596(1), Cu-O(91) 2.028(2), Cu-O(12)
2.220(2), Cu-O(11′) 1.969(2); S(2)-Cu-S(5) 88.52(2), S(2)-Cu-
O(11′) 96.60(6), O(11′)-Cu-O(91) 89.51(8), O(91)-Cu-S(5) 85.40(6),
O(12)-Cu-S(2) 80.57(5), O(12)-Cu-S(8) 170.87(6), O(12)-Cu-
O(11′) 96.95(8).
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what longer. The S(5)-Cu distance (2.357(1) Å), which is
comparable to other reported14 thioether-copper(II) distances,
is the shortest among the three S-Cu bonds, and S(8)-Cu
(2.596(1) Å) is the longest. The S(8)-Cu and O(12)-Cu bonds
are thus elongated due to axial Jahn-Teller distortion.
Figure 2 shows the space-filling diagram of two antiparallel

neighboring helical strands in1 with -Cu-COO-Cu- back-
bones running along thec direction. In the lattice, right- and
left- handed helices alternate, resulting in an optically inactive
racemic crystal, spontaneous resolution of left- and right-handed
helices in the solid state being rare.15 For the helix in1, the
number of repeating units per turn and the rise along the helix
axis per repeating unit are 2 and 6.27 Å, respectively. The pitch,
at 12.53 Å, is even greater than for poly(proline) (9.36 Å), which
is the most open protein helix.16 In 1, the helix is exogenously
decorated by the unidentate carboxylate and chelating ethylene-
dithioether moieties in a fashion comparable with the disposition
of pyrrolidone rings in the poly(proline) helix.
From the structure of1, a relationship between the bridging

mode of carboxylate toward Mn+ (Mn+ is an octahedral metal
ion) and helicity in the resulting structure is evident. For a
carboxylate-bridged helical complex of Mn+, the bridges have
to be oriented in a mutuallycis fashion, i.e., either in an
equatorial-axial or in an equatorial-equatorial mode. Another
copper(II) chain, with an equatorial-equatorial carboxylate
bridging mode, has been indicated13c to have a “helix-like”

structure. The present compound is also a constitutionally
simpler (binary) compound, whereas the previously reported
complex was, like most other helical metal-containing systems,
a ternary system (including H2O ligands13c essential to the
structure).
Magnetic data between 7 and 294 K for a polycrystalline

sample of1 are displayed in Figure 3. The value oføT increases
steadily with increase in temperature, from 0.1009 cm3 mol-1

K at 7.1 K to 0.4185 cm3 mol-1 K at 294.2 K, indicating
antiferromagnetic behavior. The data can satisfactorily be fitted
to the modified empirical function introduced by Hall to
represent the Bonner-Fisher model for a uniformly spaced
Heisenberg chain of spins withS) 1/2.17 The best fit gave-J
) 5.4 cm-1, g ) 2.12, andF ) 0.0. J values reported13c,18for
two also weakly exchange-coupled carboxylato-bridged cop-
per(II) chains are-1 and 3.3 cm-1. Although it is difficult to
correlate the sign ofJ with the structural parameters of
carboxylate bonding in chain complexes from the available data,
it is evident that equatorial-axial coupling of coppers(II) should
lead to weak exchange, irrespective of the sign of the coupling
constant.
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Figure 2. Space-filling diagram of two adjacent complementary helices
in 1. Only the-Cu-COO-Cu- backbone is shown, and hydrogen
atoms are omitted for clarity.

Figure 3. Variable-temperature magnetic data for1. The points(
represent the experimental data, and the solid line represents the
theoretical fit calculated fromJ) -5.4 cm-1, g) 2.12,F ) 0.00, and
TIP ) 6.0× 10-5 emu mol-1.
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