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Current interests in the chemistry of high-nuclearity transi-
tion-metal complexes draw from their utility in the emerging
science of nanomaterials,[1] as models for the multimetal
active sites of metal-storage proteins,[2] and as single molecule
magnets (SMMs).[3,4] In addition, such super-sized molecules
often show a variety of supramolecular interactions.[5] The
“self-assembly” process of generating a high-nuclearity
cluster from a mono- or dimeric precursor generally involves
low-dentate organic ligands.

Using a pentadentate Schiff base, N,N’-(2-hydroxypro-
pane-1,3-diyl)bis(acetylacetoneimine) (H3L), we have been
successful in isolating a discrete tetranuclear copper(ii)
cubane cluster [{CuII(HL)}4] (1) which, unlike other clusters,
has four pendant arms with eight donor sites (four imine
nitrogen atoms and four hydroxy groups) available for
binding to additional metal ions. Complex 1, as a “molecular
octopus”, is a new precursor for high nuclearity copper
clusters. This complex on reaction with copper(ii) perchlorate
in presence of KOH forms an octanuclear copper(ii) species
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[Cu8L4(OH)3](ClO4) that has already been prepared by us
from a different reaction using a binuclear precursor.[6] The
same metal-driven self-assembly process under different
reaction conditions leads to the formation of a new discrete
tetradecanuclear mixed-valent complex [CuII

12CuI
2L6(OH)6]-

(ClO4)2 (2). Herein, we present the synthesis, crystal struc-
tures and magnetic properties of 1 and 2. Complex 2 is a rare
discrete molecular tetradecanuclear transition-metal complex
with multidentate ligand system.[7] In addition two copper(i)
atoms are encapsulated in a core containing twelve copper(ii)
atoms giving a prismatic propeller structure.

Complex [{Cu(HL)}4] (1), prepared from a reaction of
[Cu(H2O)6](ClO4)2 with H3L in presence of triethylamine in
CH2Cl2/MeOH, crystallizes in the cubic space group P4̄3n
with one copper center and one ligand along with one lattice
water in the crystallographic asymmetric unit.[8] The structure
consists of a tetranuclear core with the metal centers linked by
m3 alkoxo oxygen atom, to form a cubic arrangement of the
metal and the oxygen atoms (Figure 1). The copper centers

are in an essentially square-pyramidal (4+ 1) geometry with
one bridging Cu�O bond being the axial group (2.437(5) :).
The Cu···Cu distances are 3.438(1) and 3.124(1) :. The
potentially pentadentate ligand (H3L) binds in a dianionic
tridentate form through one imine nitrogen, one enolized
oxygen as the terminal, and the anionic alkoxo-oxygen atom
as the bridging site. This leaves the remaining hydroxy group
and the imine nitrogen atom as pendant, noncoordinating
sites suitable for cluster expansion through metal-driven self-

assembly process (Figure 2). The nonbonded shortest Cu···O
and Cu···N separations involving the pendant donor sites are
3.6 and 3.2 :, respectively.

When 1 is treated with [Cu(H2O)6](ClO4)2 in a 1:4 molar
ratio in presence of KOH in ethanol, the product is an
octanuclear copper(ii) complex [Cu8L4(OH)3](ClO4), that has
already been reported by us.[6] The reaction involves an
addition of four copper(ii) ions. Further addition of metal ions
to 1 takes place on treatment of it with [Cu(H2O)6](ClO4)2
and H3L in a 1:10:4 mole ratio in presence of piperidine in
methanol and CH2Cl2 to form the tetradecanuclear mixed-
valent complex [CuII

12CuI
2L6(OH)6](ClO4)2 (2). The cluster

expansion process 1!2 involves the addition of ten copper
atoms and two ligands to the cubane structure. Single crystals
of 2·3H2O, obtained by slow evaporation of the reaction
mixture, belong to the trigonal space group R3̄c with six
molecules in the unit cell.[8] The structure consists of six
{CuII

2L}+ units, each linked to two m3-OH groups attached to
two copper(i) centers (Figure 3). The N2O3-donor Schiff base
displays trianionic pentadentate mode of coordination. There
are two central encapsulated copper(i) units that are presum-
ably formed by the reduction of cupric ion owing to geo-
metrical constraints within the core (see below). The Cu3
atom is bonded to three OH groups giving a threefold
rotation axis with a propeller-shaped structure (see Support-
ing Information). In this essentially prismatic unit, the Cu3
atom has been assigned + 1 oxidation state based on its
trigonal-pyramidal structure in which the Cu3-O4 separation
is 2.282(8) :. The Cu3 atom is displaced 1.27(1) : from the
plane formed by three hydroxo oxygen atoms. The
O-Cu3-O angle is 92.07(4)8. The deviation from the trigo-
nal-planar structure could be due to the small size of the
cavity accommodating the copper(i) atom. In addition, charge

Figure 1. A perspective view of the complex in (1·4H2O) the thermal
ellipsoids are set at 50% probability, the carbon atoms are shown as
spheres with a reduced size for clarity. Selected interatomic distan-
ces [A] and angles [8]: Cu1-O1 1.905(6), Cu1-O2 1.974(5), Cu1-O2A
1.971(5), Cu1-O2B 2.437(5), Cu1-N1 1.927(7); Cu1-O2-Cu1B 101.9(2),
Cu1-O2-Cu1C 104.7(2), Cu1B-O2-Cu1C 89.61(19). Symmetry opera-
tions: A: �x+3/2,z�1/2,�y+1/2; B: x,�y,-z+1; C: �x+3/2,�z+1/2,
y+1/2.

Figure 2. Reaction pathways in the self-assembly processes forming
tetra-, octa-, and tetradecanuclear copper cores: a) [Cu(H2O)6](ClO4)2
and KOH in EtOH; b) [Cu(H2O)6](ClO4)2, H3L, and piperidine in
CH2Cl2/MeOH.
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neutrality of this discrete molecular species requires two
copper centers in + 1 oxidation state. The Cu···Cu distance of
3.583(3) : within the {Cu2L}+ units in 2 is similar to that
observed in [Cu2L(O2CMe)] (3.502(2) :).[9] The dicopper(ii)
units in 2, however, resemble the dialkoxo-bridged dicop-
per(ii) complexes.[10]

The cluster expansion process is associated with a
significant change in the magnetic properties as shown by
preliminary magnetic data. The temperature dependence of
the magnetic susceptibility of 1 and 2 is shown in Figure 4. The
cubane cluster 1 has a meff value of 1.76 mB and 2.31 mB per
copper(ii) center at 300 and 18 K, respectively (meff per
molecule: 3.51 mB, 300 K; 4.63 mB, 18 K). The observed
increase in the cMT value on lowering the temperature

suggests intracluster ferromagnetic interaction.[11] The con-
tribution from the intercluster magnetic interaction should be
negligible considering the large separation of the clusters
from each other (intercluster Cu···Cu separation, � 9.5 :).
The tetradecanuclear complex 2 shows, in contrast, strong
antiferromagnetic (AF) behavior with singlet as a ground
state. The magnetic moment values per copper(ii) center are
1.12 and 0.17 mB at 300 and 18 K, respectively (meff per
molecule: 3.91 mB, 300 K; 0.62 mB, 18 K). Complex 2 has six
{Cu2L}+ moieties with a Cu-O-Cu alkoxo bridge angle of 1378.
Such an angle with a planar geometry of the alkoxo oxygen
atom is likely to promote strong AF interactions within the
dimeric unit.[10] The Cu1C-O4-Cu2 angle of 101.8(4)8 with a
pyramidal geometry of O4 atom (sum of angles 3308) is likely
to promote weak AF interactions between two intracluster
interdimer units.[12] Detailed magnetic studies are in progress.

In conclusion, the ferromagnetic cubane cluster 1 with
eight pendant binding sites presents a reactive precursor for
the synthesis of high-nuclearity copper clusters by metal-
driven self-assembly processes. Isolation of discrete molecular
octanuclear copper(ii) and tetradecanuclear mixed-valent
copper complex with a propeller-shaped {CuII

12CuI
2} core

shows that the cubane complex can be used as a new
precursor for the preparation of high-nuclearity clusters of
nanometric size.

Experimental Section
1 was prepared from a reaction of [Cu(H2O)6](ClO4)2 (2.96 g,
8.0 mmol) with H3L

[9] (3.79 g, 14.9 mmol) in CH2Cl2/MeOH mixture
(1:1 v/v, 40 mL) in presence of triethylamine (3.9 mL, 28.03 mmol)
under reflux for 30 min. Dark blue crystalline product in � 87% yield
was obtained on slow evaporation of the solvent at 25 8C. Single
crystals were obtained by slow diffusion of hexane to a CH2Cl2
solution of 1. Complex 2 was prepared in � 66% yield from a
reaction of 1 (0.2 g, 0.16 mmol) in CH2Cl2 (10 mL) with [Cu(H2O)6]-
(ClO4)2 (0.6 g, 1.6 mmol) in presence of H3L (0.19 g, 0.64 mmol) and
piperidine (0.15 mL, 1.5 mmol) in MeOH (10 mL). The octanuclear
complex [Cu8L4(OH)3](ClO4) was prepared from a reaction of 1
(0.21 g, 0.16 mmol) with [Cu(H2O)6](ClO4)2 (0.24 g, 0.64 mmol) and
KOH (0.53 g, 0.94 mmol) in ethanol (15 mL) in 55% yield (0.14 g).
The crystals of the octanuclear complex gave cell parameters similar
to those reported earlier.[6] Elemental analysis (%) calcd for 1: C
49.44, H 6.38, N 8.87; found C 49.21, H 6.54, N 9.02, (%) calcd for 2 C
34.72, H 4.48, N 6.23; found: C 34.88, H 4.68, N 6.33. UV/Vis in
MeOH lmax,(e, M

�1 cm�1)]: 233 (22500), 310 (43000), 630 nm (280) for
1 and 281 (60000), 315 (91000), 620 nm (1000) for 2. cMT (per
molecule)cm3

m
�1 K: 2.675 at 18.54 K and 1.551 at 305.31 K for 1;

0.048 at 18.41 K and 1.954 at 304.73 K for 2 (Supporting Information).
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