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The triaminoguanidine-based Schiff-base ligand H5LOH re-
acts with copper(II) ions to afford a three-dimensional coordi-
nation polymer with (10,3)-a topology which is solely as-
sembled by a single trigonal molecular building block
{Cu3LOH}+. The unusual bridging mode of the phenolate oxy-
gen atoms between the trigonal building blocks leads to a
dihedral angle between the interlinked {Cu3LOH}+ units of
71°. The (10,3)-a topology of the singular network results in
a rather large void space of about 56% that is established by
interpenetrated chiral channels with a diameter limited by
pseudo-tetrahedral cavities defined by non-coordinating

Over the last decade the design of porous coordination
polymers has become one of the most rapidly developing
areas because of their potential applications as rationally
designed functional solids with interesting optical, electrical
and magnetic properties.[1,2] Of great interest is the architec-
ture and the topological variety of frameworks.[3] Particu-
larly challenging is the design of crystalline material com-
bining different properties like porosity and chirality.[4] Be-
cause of specific pore size, type and function of cavities such
materials can be applied in ion exchange, catalysis, enantio-
selective sorption, and gas separation.[1,5] Coordination
polymers with (10,3)-a topology are particularly interesting,
since they are known to form homochiral porous frame-
works which at the same time can show considerable struc-
tural stability towards the exchange of guest molecules.
These properties make such materials important subjects of
research for the development of enantioselective sorption
and chiral catalysis.[6]

The interaction of transition metal ions with multifunc-
tional ligands by self-assembly processes is a basic strategy
to afford a broad variety of coordination polymers.[1] In
particular, the assembly of (10,3)-a nets is generally based
on trigonal molecular building blocks that are linked by
additional connecting units; both can be either appropriate
ligands or metal fragments.[3] Triaminoguanidine-based li-
gand systems have recently been employed by Robson and
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phenolate hydroxy groups of the ligand. Additional infor-
mation to establish the composition is derived from elemental
analysis and TGA measurements. For the coordination poly-
mer an overall antiferromagnetic behavior is observed. The
spin-frustrated trinuclear building blocks {Cu3LOH}+ are anti-
ferromagnetically coupled via the bis(phenoxide)-bridged di-
nuclear copper(II) moieties for which a dihedral angle of 132°
is observed.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Müller et al. in the synthesis of a variety of interesting dis-
crete cage molecules with different topologies.[7]

Here, we report a novel three-dimensional coordination
polymer with (10,3)-a topology assembled from a single
trigonal molecular building block leading to a homochiral
three-dimensional channel system. The utilized trigonal
building block is derived from tris[(2,5-dihydroxybenzyl-
idene)amino]guanidine (H5LOH) chelating copper() ions as
depicted in Scheme 1. Dark brown cube-shaped single
crystals of [Cu6(LOH)2(HCOO)2(H2O)0.5(DMF)0.5]·xH2O·
yDMF (1) were obtained by slow diffusion of a solution
of Bu4NOH in methanol into a DMF solution containing
(H6LOH)Cl and Cu(BF4)2·6H2O in a 1:3 molar ratio at
room temperature.

Scheme 1.

Single-crystal X-ray diffraction reveals a three-dimen-
sional porous framework that is composed of trigonal
{Cu3LOH}+ units which are interlocked by the formation
of bis(phenoxide)-bridged dinuclear copper() moieties as
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depicted in Figure 1. In contrast to the generally observed
planar coordination motif for the bis(phenoxide)-bridged
dinuclear copper() moieties a dihedral angle of 132° is ob-
served for compound 1. The typically observed symmetric
planar bridging mode is prevented by the steric require-
ments of the given ligand. As a consequence, an asymmetric
bridging moiety is obtained, with the bridging oxygen
atoms O11 and O21 in an equatorial position at Cu1,
whereas for Cu2 they occupy axial and equatorial positions,
respectively. As a result, the copper ions of the two crystal-
lographically distinct {Cu3LOH}+ units exhibit different co-
ordination environments, which are tetracoordinate square-
planar for Cu1 and pentacoordinate square-pyramidal for
Cu2. In the latter case the bridging oxygen atom O11 is in
the apical position at a distance of 232.5 pm and the fourth
equatorial position, not occupied by the ligand LOH, is
filled by an oxygen atom from the formate counterion or
a solvent molecule (see Exp. Sect.). This leads to distinct
conformational variations of the two crystallographically
independent {Cu3LOH}+ units as depicted in Figure 2.
Within the two trinuclear units the distance between the
copper ions is about 475 pm, whereas a distance of 290 pm
is found along the bridging dinuclear moiety. The resulting
dihedral angle between the interlinked {Cu3LOH}+ units is
about 71°.

Figure 1. Molecular structure of the {Cu6(LOH)2} building unit of
the 3-D coordination polymer 1. Hydrogen atoms are omitted for
clarity; formate anion and solvent molecules are represented by the
coordinating oxygen atom; symmetry-equivalent atoms are denoted
by A–D. Selected bond lengths [pm] and angles [°]: Cu1–O11
188.9(6), Cu1–O21 200.6(5), Cu1–N12 192.9(6), Cu1–N11A
194.8(6), N11–N12 138.4(9), Cu2–O11 232.5(6), Cu2–O21 195.1(5),
Cu2–N22 194.8(6), Cu2–N21C 1.952(6), N21–N22 139.3(9); O11–
Cu1–O21 82.9(2), N12–Cu1–N11A 80.5(3), O21–Cu2–O11 73.6(2),
N22–Cu2–N21C 80.7(3), Cu1–O11–Cu2 86.4(2), Cu2–O21–Cu1
94.3(2).

The three-dimensional coordination polymer 1 possesses
a (10,3)-a network as shown using a simplified view in Fig-
ure 3. The fact that two different {Cu3LOH}+ trigonal build-
ing blocks assemble the framework leads to a considerable
distortion of the archetype (10,3)-a network. The distortion
arises from the intercentroid vectors no longer being copla-
nar, with the angles between the vectors centered at the trig-
onal building blocks {Cu13LOH}+ and {Cu23LOH}+ chang-
ing from 120° in an ideal (10,3)-a net to 114.9 and 118.7°,
respectively. The chirality of the present (10,3)-a network
arises form the [100] pseudo-fourfold and [111] pseudo-
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Figure 2. Molecular conformations of the trinuclear building units
of 1: Bowl-shaped {Cu13LOH}+ (top) and propeller-shaped
{Cu23LOH}+ (bottom).

threefold coordination helices running along the crystallo-
graphic 21 and 32 axes which are of the same handedness
propagating in all crystallographic equivalent directions.
The packing diagram of compound 1 depicted in Figure 4
shows pseudotetragonal channels along the [100] direction.
The size-limiting feature of these channels are the pseudo-
tetrahedral cavities centered at 0,0,1/4 which are defined by
the noncoordinating phenol hydroxy groups of the ligand
with a diameter of 800 pm for an inscribed sphere. Along
the [111] direction this leads to pseudohexagonal zigzag
channels passing through these cavities (see Figure 4). The
noncoordinating hydroxy groups lead to a hydrophilic char-
acter of the solvent-accessible free volume of compound 1.
As a consequence, the resulting void space of 1 is occupied
by disordered DMF and H2O guest molecules.[8] The effec-
tive free volume of 1 was calculated with PLATON[9] as
56.4% of the crystal volume (6327 nm3 out of the
11220 nm3 unit cell volume). A representation of the void
space of 1, based on the pseudotetragonal channels, is given
in Figure 5.

Figure 3. Topology of the 3-D porous framework of 1 shown along
[010] with one of the 10-membered rings of the (10,3)-a network
highlighted; the nodes represent the central carbon atoms C11 and
C21 of the building units.

The thermal behavior of 1 was studied in the range 298–
573 K under a flow of nitrogen. The TGA analysis indi-
cates, that the guest molecules can be removed over the tem-
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Figure 4. Representation of the network structure of 1 showing the
channels along [100] (top) and [111] (bottom).

Figure 5. Unit cell of 1 with the pseudo-tetragonal channels repre-
sented by cylinders with a diameter of 0.8 nm; all building units
originating within the cell are generated.
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perature range 313–453 K with an observed weight loss of
about 25%. Together with the data from the elemental
analyses for samples after prolonged storage under ambient
conditions (temperature and atmosphere) this gives a
number of three DMF and six H2O guest molecules per
formula unit of 1 filled in the void space.[10] X-ray powder
diffraction studies of samples heated to 453 K indicate that
the long-range order of the framework structure of 1 is re-
tained upon removal of the guest molecules. If samples of
1 are evacuated at room temperature, a weight loss of about
9% is observed within the first 5.5 h. After 36 h in vacuo,
the final weight was constant with an observed loss of
about 12%.

The magnetic susceptibility of 1 was measured with a
SQUID susceptometer for polycrystalline samples in the
temperature range of 2–300 K at a field of 1000 Oe. The
temperature dependence of the susceptibility χ and the
product χT is shown in Figure 6. For practical reasons the
mass susceptibility χg was used here, as the actual solvent
content can vary considerably.[10] Within the measured
range the high-temperature limit expected for a spin-only
value of independent copper() centers is not reached. In
fact, the room-temperature value of χT, based on a molecu-
lar mass as derived form TGA and elemental analysis, cor-
responds to less than 80% of the expected spin-only value.
Together with the observed decrease of χT upon cooling,
this is indicative for rather strong antiferromagnetic interac-
tions within the system. Nevertheless, within the low-tem-
perature limit of the measurement at 2 K the χT product
does not vanish completely with a value that corresponds
approximately to the spin-only value of one copper() cen-
ter. The X-band ESR spectrum of 1 recorded on a pow-
dered sample at 77 K exhibits one unstructured broad band
at g = 2.072 with a peak-to-peak separation of 29 mT.

Figure 6. Temperature dependence of χg (�) and χgT (�) for 1.

Given the structural topology, two basic exchange path-
ways between the copper() centers are possible. One across
the trinuclear {Cu3LOH}+ units and the other within the
bis(phenoxide)-bridged dinuclear copper() moieties. Con-
sequently, two simplified exchange models could be antici-
pated if either of the two coupling constants prevails the
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overall system. Attempts to fit the experimental data with
either isotropic spin Hamiltonian model did not yield satis-
factory results, suggesting that both exchange pathways are
important. For the interaction of the two bis(phenoxide)-
bridged dinuclear copper() centers Thompson’s linear rela-
tionship between the Cu–O(Ph)–Cu angle and the coupling
constant J (J = 2462 – 31.95α)[11] gives an estimate of
about –400 cm–1, based on an average angle of 90°. Never-
theless, this value probably overestimates the actual ex-
change coupling constant, since for compound 1 with a di-
hedral angle of 71° a considerable distortion from the co-
planarity of the two square planes is observed (cf. Figure 1).
On the other hand for isolated trinuclear {Cu3LOH}+ units
as part of complexes with appropriate capping ligands at
the copper() centers a spin-frustrated system with antifer-
romagnetic coupling parameters in the order of –320 cm–1

is observed.[12] The fact that no plateau in the χT diagram
corresponding to the spin-frustrated triangular units is evi-
dent, indicates the equal importance of the exchange coup-
ling along the dinuclear copper() interlocking moieties.

In summary, a novel magnetic 3-D coordination polymer
with distorted (10,3)-a network has been synthesized. The
size limit and character of the void space of the polymer is
defined by the para substituent on the coordinating phenol-
ate moiety of the ligand. Both the variation of the ligand
substitution and the metal ion are expected to yield materi-
als with interesting new properties.

Experimental Section
General: Cu(BF4)2·6H2O and Bu4NOH were purchased from com-
mercial sources and used as received. (H6LOH)Cl was prepared
analogous to procedures reported in the literature.[13] Yield: 79%.
(H6LOH)Cl·3H2O (C22H27ClN6O9, 554.9): calcd. C 47.62, H 4.90,
N 15.14; found C 48.01, H 4.79, N 15.38. 1H NMR (200 MHz,
CD3OD, 298 K): δ = 8.80 (s, 3 H, N=CH), 7.39 (d, J = 2.72 Hz, 3
H, C6-H), 6.73–6.85 (m, 6 H, aromatic CH) ppm. 13C NMR
(50 MHz, CD3OD, 298 K): δ = 114.0, 118.0, 120.9, 121.4, 150.2,
150.5, 151.4, 152.2 ppm.

[Cu6(LOH)2(HCOO)2(H2O)0.5(DMF)0.5]·xH2O·yDMF (1): A solu-
tion of (H6LOH)Cl·3H2O (278 mg, 0.5 mmol) in DMF (5 mL) was
added to a solution of Cu(BF4)2·6H2O (518 mg, 1.5 mmol) in DMF
(5 mL). The resulting dark green-brown solution was carefully lay-
ered in a glass tube with DMF (3 mL) and with a   methanolic
solution of Bu4NOH (2.5 mL). The glass tube was sealed and left
at room temperature. Slow diffusion afforded dark brown crystals
of 1 within 3 weeks. The crystals were isolated, washed with MeOH
and dried in air. Yield: 30 mg. 1 with x = 6 and y = 3 (prolonged
storage at room temperature, C56.5H69.5Cu6N15.5O26, 1763.0): calcd.
C 38.49, H 3.97, N 12.31; found C 38.56, H 3.77, N 12.66. Elemen-
tal analyses for freshly prepared samples shown higher C and H
values due to a higher content of disordered solvent molecules.

Crystal Data for 1: C47.5H36.5Cu6N12.5O17·guests, M = 1435.7,
0.03×0.03×0.02 mm, cubic, space group P213, a = 2238.69(5) pm,
V = 11.2197(4) nm3, Z = 4, ρcalcd. = 0.917 g cm–3, T = 183 K, λ
= 71.073 pm, µ(Mo-Kα) = 1.164 mm–1, Θ range 3.28–27.46°, 7530
measured and 5231 independent reflections (Rint = 0.0415), 285
parameters with no restraints, R1 = 0.0746, wR2 = 0.1799 for 5231
reflections with I � 2σ(I), GOF = 1.089, Flack parameter =
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–0.02(4). The data were collected with a Nonius KappaCCD dif-
fractometer. The structure was solved by direct methods
(SHELXS) and subsequent full-matrix least-squares refinement
against F2 (SHELXL). The fourth equatorial position at Cu2 (not
occupied by the ligand LOH) is occupied by an oxygen atom from
either a formate counterion or a solvent molecule of DMF or H2O,
leading to a partial occupation of the corresponding positions in
the ratio of 2:3, 1:6 and 1:6, respectively. CCDC-268709 (1) con-
tains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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