
Hydrothermal reaction of Cu(CH3COO)2·5H2O and
NdCl3·6H2O with orotic acid (2,6-dioxo-1,2,3,6-tetrahydropy-
rimidine-4-carboxylic acid, H3dtpc) in water gave rise to a
novel polymeric complex, [Nd2Cu3(Hdtpc)6(H2O)4]n, with two-
dimensional layer structure. Nd(III) atom is nine-coordinated
by nitrogen and oxygen atoms of Hdtpc ligands and water mol-
ecules and Cu(II) atom is four-coordinated by two chelated
Hdtpc in a square planar geometry.  The hydrogen bond interac-
tions among layers lead to the formation of three-dimensional
network structure.

Owing to the fascinating coordination behavior and the
significance in biosynthesis of pyrimidine nucleotides of
DNA1 and antitumor activity for some of its metal complex-
es,2,3 orotic acid (2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-
carboxylic acid, H3dtpc) has attracted much attention in the
past ten years.1 Many novel complexes constructed by orotic
acid have been reported in recent years.4,5 The most interest-
ing characters of orotic acid ligand are as follows: 1) it has
multiple coordination sites that may form higher dimensional
structures; 2) it possesses an asymmetric geometry that may
lead to acentric crystal structure; 3) it contains potential hydro-
gen-bond acceptor, hydrogen-bond donor, hydrogen-bond
acceptor (ADA) array.1 Hence, orotic acid ligand may coordi-
nate to different metal ions to form diversity structures.
Moreover, the notable coordination characters also make the
ligand to become very good choice for the construction of
polymeric and supramolecular structures.  However, in previ-
ous works, orotic acid was often used as bidentate dianionic
ligand to chelate to one metal ion, after deprotonating the car-
boxylic group and its adjacent nitrogen atom.1 Although
Nepveu reported several polynuclear manganese(II) complexes
using orotic acid as µ3-bridging ligand,5 up to date, there are no
systematic studies on the complexes with bridging orotic lig-
ands, especially for the polymeric complexes owing to the
weak coordination ability of the carbonylic oxygen and the dif-
ficulty for single crystal growth. Herein we report the
hydrothermal synthesis and crystal structure of a novel
Nd(III)–Cu(II) coordination polymer containing three types of
µ3-bridging orotate ligand, [Nd2Cu3(Hdtpc)6(H2O)4]n (1).

The reaction of Cu(OAc)2·6H2O, NdCl3·6H2O, orotic acid
(H3dtpc) and water at 160 °C in a molar ratio of 2:1:2:3500
yielded crystals of 1 suitable for X-ray diffraction analysis.6 The
crystallographic analyses7 reveal that the complex is a two-
dimensional layer polymer consisting of [Nd2Cu3(Hdtpc)6-
(H2O)4] building units, as shown in Figure 1.

The carboxylic group and its adjacent nitrogen atom of
H3dtpc are deprotonated during the hydrothermal reaction. Each
Cu(II) atom is chelated by two Hdtpc2– ligands through one car-
boxylic O and the deprotonated N atoms in a square planar

geometry, with the average Cu–O and Cu–N distances being
1.917 and 2.015 Å, respectively.  Every Nd(III) atom is nine-
coordination by four carboxylic and three carbonyl oxygen
atoms from three ligands and two coordinated water molecules,
with the average Nd–O distance being 2.523 Å.  Three kinds of
µ3-bridging Hdtpc ligands are present in the molecule: a) the
carboxylic group acts as chelating–bridging ligand, chelating a
lanthanide atom and bridging a copper atom, the carbonylic
oxygen at the para position of the deprotonated nitrogen atom
attaches to another lanthanide atom (Scheme 1a); b) one of the
carboxylic oxygen atom links a copper and a lanthanide atom,
simultaneously, the carbonyl oxygen at the ortho position of the
deprotonated nitrogen atom attaches to a lanthanide atom
(Scheme 1b); c) the carboxylic group acts as bridging ligand,
linking a lanthanide and a copper atom, the carbonyl oxygen at
the ortho position of the deprotonated nitrogen atom attaches to
another lanthanide atom (Scheme 1c).  Thus, the
[Nd2Cu3(Hdtpc)6(H2O)4] units are connected by Nd–O bonds
from the carboxylic and carbonyl oxygens to form a one-dimen-
sional chain structure, with average Nd–Cu distance being
4.240 Å, illustrating the lack of any direct interaction between
Nd and Cu.
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The structure can be viewed as copper building block,
[Cu(Hdtpc)2], connected by Nd(III) linker, each Nd(III) linker
connects four [Cu(Hdtpc)2] blocks, and each [Cu(Hdtpc)2] to
two Nd(III) linkers, forming the two dimensional structure.  In
other words, the structure can also be viewed as consisting of
Nd–Cu ladders, in which the side pieces are formed by Nd
chains and the rungs by [Cu(Hdtpc)2] blocks, each two neigh-
boring ladders are linked through Nd–O bonds, forming the
final structure (Figure 2). 

Because Hdtpc ligand contains potential hydrogen-bond
acceptor and hydrogen-bond donor, each two adjacent layers
are further linked by the hydrogen-bond interactions of coordi-
nated water molecules and oxygen atoms of the ligands, leading
to a three-dimensional network structure with the hydrogen
bond distances of O···O ranging from 2.814 to 2.937 Å. 

Detail studies, such as other complexes along with magnet-
ic properties, are underway and will be reported in a full paper.
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