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Helical Antiferromagnetic Copper(ll) Chains with a Collagen Structural Motif
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A major part of supramolecular chemistrgleals with the

helical structural motif because of its importance in biological
systems and in asymmetric cataly&fs. 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 thehelix* in
that (i) the structure is stabilized not by H-bonding, as in the
a-helix, but by the steric demands of its pyrrolidone rings and
(i) the collagen helix is more open (higher-pitched) than the
o-helix. The synthestand X-ray structural studyf the model
homopolypeptide poly¢proline) led the way to a spurt of
investigationsinvolving this and related compounds. Here we
report the synthesfsX-ray crystal structuré, and magnetic

T Drexel University.
dwvm.ocs.drexel.edu
¥ The University of Hull.
§ Memorial University of Newfoundland.
(1) General references: (a) Amabillino, D. B.; Stoddart, Cikem. Re.
1995 95, 2725. (b) Lehn, J.-MAngew. Chem., Int. Ed. Endl99Q
29, 1304. (c) Fabrizzi, L., Poggi, A., Edslransition Metals in
Supramolecular ChemistrKluwer Academic: Dordrecht, 1994.
(2) Corey, E. J.; Cymin, C. L.; Noe, M. O.etrahedron Lett1994 35,
69

E-mail address for AW.A.: AddisonA@

3) Méruoka, K.; Murase, N.; Yamamoto, H. Org. Chem.1993 58,
2938.

(4) Stryer, L.Biochemistry3rd ed.; W. H. Freeman and Co.: New York,
1988.

(5) Fasman, G. D.; Blout, E. Biopolymers1963 1, 3.
(6) (a) Traub, W.; Shmueli, UNature 1963 198 1165. (b) Cowan, P.
M.; McGavin, S.Nature1964 176, 501.
(7) For example: (a) Middendorf, H. D.; Hayward, R. L.; Parker, S. F;
Bradshaw, J.; Miller, ABiophys. J.1995 69, 660. (b) Ogawa, M.
Y.; Moriera, |.; Wishart, J. F.; Isied, S. £hem. Phys1993 176
589. (c) Caswell, D. S.; Spiro, T. @G. Am. Chem. S0d.987 109
2796. (d) Shearer, G. M.; Mozes, E.; Sela, M.Exp. Med.1971,
133 216. (e) Tonelli, A. EJ. Am. Chem. Sod.97Q 92, 6187. (f)
Strassmair, H.; Engel, J.; Zundel, 8iopolymers1969 8, 237.
A 1 mmol quantity of CuS®5H,0 in 15 mL hot water was added
with stirring to 1 mmol of NaL%in 15 mL of hot water, giving a
deep green solution. After the solution was allowed to cool and stand
undisturbed for 2 days, apple-green diffraction-quality crystals were
produced, which were filtered off, washed with water, and air-dried.
Analyses for C and H were satisfactory.
Crystal data for [CulgH20)n, 1: CgH1405S:Cu, M = 350, monoclinic,
space groufP2i/c, a = 7.787(1) A,b = 6.266(1) A,c = 25.737(7)
A, B=97.92(1), V= 1244 B, D.=1.87 g cm3, Z = 4, u(Mo Ka)
=23.1 cntl, A(Mo Ka) = 0.710 69 A. Single-crystal X-ray diffrac-
tion data were collected on an Enraf-Nonius four-circle CAD-4
diffractometer at room temperature. The-20 scan technique was
used as previously describ&dto record the intensities for all
nonequivalent reflections for whiclf & 20 < 54°. The raw intensity
data were corrected for Lorentpolarization effects and absorption.
Of the 3095 independent intensities, there were 2655yt 30F.2,
where oF,2 was estimated from counting statistiésA three-
dimensional Patterson synthesis was used to determine the heavy-
atom positions, which phased the data sufficiently well to permit
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1. Selected bond lengths (A) and angles (deg)—S(2) 2.459(1), Ct

S(5) 2.357(1), CuS(8) 2.596(1), CtrO(91) 2.028(2), CuO(12)
2.220(2), Cu-O(11) 1.969(2); S(2)-Cu—S(5) 88.52(2), S(2)Cu—

0O(11) 96.60(6), O(19)—Cu—0(91) 89.51(8), O(9%)Cu—S(5) 85.40(6),
O(12)-Cu—S(2) 80.57(5), O(12yCu—S(8) 170.87(6), O(12)Cu—

O(17) 96.95(8).

properties of an infinite helical chain of a CuH)hioether
carboxylate complex, [Cuk]H20),, 1, an “inorganic” analogue
of collagen’s topology.
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The structure (Figure 1) consists of infinite chains of roughly
octahedrally coordinated copper(Hligand units linked by
Cu—0 bonds. Each doubly deprotonated ligand acts as penta-
dentate to one copper(ll) and as monodentate to a neighboring
copper(ll) 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(ll) 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(ll) atoms are 1.969(2) (E®(171)) and 2.220(2) (Cu
0(12)) A. While the Ct-O(11) distance is comparable to the
commonly observeld bond lengths between bridging carbox-

,—COOH

ylate oxygen and copper(ll), the €E®(12) distance is some-

location of the remaining non-hydrogen atoms from Fourier syntheses.
Full-matrix least-squares refinement was carried out as previously
described?! Anisotropic temperature factors were introduced for the
non-hydrogen atoms. Further Fourier difference functions permitted
location of the hydrogen atoms, which were included in the refinement
for four cycles of least-squares refinement and then held fixed. The
model converged withlR = 0.043 andR, = 0.060. A final Fourier
difference map was featureless.
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Figure 3. Variable-temperature magnetic data fbr The pointsé
Figure 2. Space-filling diagram of two adjacent complementary helices epresent the experimental data, and the solid line represents the
in 1. Only the —Cu—COO—-Cu~— backbone is shown, and hydrogen theoretical fit calg:ulated frorlﬂ =-54cm?, g=212,0=0.00, and
atoms are omitted for clarity. TIP = 6.0 x 107° emu mof™.

structure. The present compound is also a constitutionally
what longer. The S(5)Cu distance (2.357(1) A), which is  simpler (binary_) compound, wh(_areas the previc_)u_sly reported
comparable to other reportédhioether-copper(ll) distances,  complex was, like most other helical metal-containing systems,

is the shortest among the three-Gu bonds, and S(8)Cu a ternary system (including J@ ligandg3¢ essential to the

(2.596(1) A) is the longest. The S(8Tu and O(12>Cu bonds structure).

are thus elongated due to axial Jatireller distortion. Magnetic data between 7 and 294 K for a polycrystalline
Figure 2 shows the space-filling diagram of two antiparallel sample ofl are displayed in Figure 3. The value)df increases

neighboring helical strands thwith —Cu—COO-Cu— back- steadily with increase in temperature, from 0.100% cnol!

bones running along thedirection. In the lattice, right- and K at 7.1 K to 0.4185 cthmol™* K at 294.2 K, indicating
left- handed helices a|ternate, resu|ting in an Optica”y inactive antiferromagnetic behavior. The data can SatiSfaCtOfily be fitted
racemic crystal, spontaneous resolution of left- and right-handedto the modified empirical function introduced by Hall to
helices in the solid state being rdfe.For the helix in1, the represent the BonneiFisher model for a uniformly spaced
number of repeating units per turn and the rise along the helix Heisenberg chain of spins wi= %/,.1” The best fit gave-J
axis per repeating unit are 2 and 6.27 A, respectively. The pitch, = 5.4 cmt, g = 2.12, ando = 0.0. J values reported©!8for
at 12.53 A, is even greater than for poly(proline) (9.36 A), which two also weakly exchange-coupled carboxylato-bridged cop-
is the most open protein heli%. In 1, the helix is exogenously ~ per(ll) chains are-1 and 3.3 cm'. Although it is difficult to
decorated by the unidentate carboxylate and chelating ethylene correlate the sign ofJ with the structural parameters of
dithioether moieties in a fashion comparable with the disposition carboxylate bonding in chain complexes from the available data,
of pyrrolidone rings in the poly(proline) helix. it is evident that equatorialaxial coupling of coppers(ll) should
From the structure of, a relationship between the bridging lead to weak exchange, irrespective of the sign of the coupling
mode of carboxylate toward M (M"* is an octahedral metal ~ constant.
ion) and helici.ty in the_resulting structure is evjdent. Fora  acknowledgment. AW.A. and K.K.N. thank Drexel Uni-
carboxylate-bridged helical complex of ' the bridges have  yersity for support.
to be oriented in a mutuallgis fashion, i.e., either in an
equatoriat-axial or in an equatoriatequatorial mode. Another
copper(ll) chain, with an equatoriaéquatorial carboxylate
bridging mode, has been indicatédto have a “helix-like”
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