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Over the past several decades, a variety of zeolites and open
framework inorganic solids have been synthesized for their
considerable applications in selective catalysis, adsorption, and
ion exchange.1 Recently, studies in coordination polymers2,3 as
organic zeolite-like solids, built up from metals and multifunc-
tional organic ligands, represent a rapidly expanding field.4,5 In
studies in the synthesis of microporous crystals and layered
materials by racemic compounds as templates, it has been found
that some inorganic frameworks or layers behave as functions
for recognizing certain configurations in different channels or
layers. Therefore, a motivation for the molecular recognition or
separation by organic open frameworks has been raised. With
this aim toward molecular recognition, we performed the design
and synthesis of novel coordination polymers with both ligands
such as 4,4′-bipyridine, pyrimidine, pyrazine, carboxylate, and
racemic and differently conformed molecules. In our previous
studies,6 we obtained two novel coordination polymers, [Mn-
(maleate)(4,4′-bipy)]‚0.5H2O and [Mn(fumarate)(4,4′-bipy)(H2O)]‚
0.5(4,4′-bipy), in which a structural transformation from 2D to
3D through conformation change of carboxylate ligands was
observed. In this study, we report the synthesis and X-ray
structural characterization of a novel coordination polymer, [Cu2-
(CyDTA)(4,4′-bipy)2]‚12H2O (1) (CyDTA ) trans-1,2-cyclo-
hexanediaminetetraacetate), which has a novel double-layer
network, and two configurations are separated layer by layer. The
synthesis and structure for another related compound synthesized
in the same system, 3D [Cu3(EDTA)(4,4′-bipy)3.5(H2O)(OH)2]‚
2H2O (2) (EDTA ) ethylediaminetetraacetate), is also presented
for comparison.

1 and 2 were prepared by diffuse reactions in an H-tube. A
typical procedure for the crystal growth of1 is as follows: A
solution of 4,4′-bipy (0.50 mmol) in ethanol (5 mL) was slowly
diffused into an aqueous solution (5 mL) of Cu(NO3)2 (0.50 mmol)
and Na4CyDTA (0.25 mmol) (or Na4EDTA (0.25 mmol) in the
case of2) at ambient temperature. Blue crystals of1 or 2 suitable
for single-crystal X-ray determination7 were grown for 5 days in
the glass pipe.

Structurally,1 has a 2D layered structure made up of Cu2+

ions coordinated by 4,4′-bipy and CyDTA which is in two
distinguished enantiomers (R,R andS,S). There are two different
coordination environments for copper atoms, Cu(1) and Cu(2),
both having distorted trigonal bipyramidal geometry. Cu(1) is
coordinated to two O atoms of carboxylate of CyDTA and one
N atom of 4,4′-bipy in a trigon and two N atoms of 4,4′-bipy as
the apexes. In the trigonal bipyramidal environment of Cu(2),
one CyDTA anion uses two N atoms to chelate to a Cu(2) ion,
forming a five-membered ring. These two N atoms and another
N atom of 4,4′-bipy form the trigon, and two O atoms of
carboxylate occupy the axial positions. The building block of
CyDTA bridges Cu(1) and Cu(2) through a hexadentate mode to
form 1D chains along theb axis (Figure 1a). Cu(1) atoms in a
chain and Cu(2) atoms in another chain are linked by 4,4′-bipy
(N(1)‚‚‚N(2)) and Cu(1)′ (N(3)‚‚‚N(4)). Accordingly, these 1D
Cu-CyDTA chains are linked by the 4,4′-bipy ligands, building
up a 2D layer. These 2D layers are situated in parallel to the
crystallographicab plane (Figure 2).

The trans-CyDTA molecule with two chiral carbon atoms has
two configurations, (R,R) and (S,S). The interesting feature for
structure1 is its selective coordination of (R,R) and (S,S) CyDTA
molecules with Cu2+ ions. There is exclusively one type of
configuration in each Cu-CyDTA chain. Additionally, two
configurations are separated in the double-layer structure: one
type on the top of the layer and the other on the bottom of the
layer. The racemic CyDTA molecules are arranged orderly
through the process of self-assembly and recognition. It was rare
to observe the selective coordination of the racemic molecules
in the process of assembly of coordination polymers. A similar
phenomenon is encountered in a synthesis of a layered phosphate
whereL- andD-enantiomers in a racemic transition complex were
separated layer by layer in the phosphate.8
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In the same synthetic system, we performed a synthesis through
replacing CyDTA by EDTA with no chiral carbons and obtained
a novel 3D coordination polymer2. 2 contains mixed ligands,
4,4′-bipy and EDTA molecules. In the structure of2, two N atoms
and four carboxyl groups of the EDTA anion coordinate to four
Cu2+ ions with three kinds of coordination environments, forming
Cu-EDTA 1D zigzag chains along thec axis (Figure 1b). The
EDTA molecule acts as an octadentate ligand. The Cu(3) atom
is in an octahedral mode with two N atoms, three O atoms from
EDTA groups, and one N(6) atom from 4,4′-bipy. The Cu(2) atom
bears a trigonal bipyramidal geometry. The base plane is defined

by O(2A) and O(5) from a carboxyl group of EDTA and N(3) of
4,4′-bipy. The apical positions are occupied by N(1) and N(5) of
two 4,4′-bipy molecules. The remaining Cu(1) atom is in a square
pyramidal geometry. The equatorial plane is defined by three N
donors from different 4,4′-bipy ligands and one O atom of a
carboxyl group. One water molecule O(9) occupies the axial
position. The 4,4′-bipy ligands link the Cu-EDTA 1D zigzag
chains together to construct a 3D network structure, as shown in
Figure 3.

A comparison between two structures of1 and2 is made for
understanding the function of selective coordination of the two
enantiomers in1. On one hand, two-N(CH2COO-)2 groups of
CyDTA are located at thetrans-1,2-positions while those of
EDTA can rotate freely, which defined the low dimension for1
and high dimension for2. On the other hand, two kinds of Cu2+

ions (unlike three kinds of Cu2+ ions in2) in different chains on
the layers of1 are structurally coordinated by either the (S,S)- or
(R,R)-configured enantiomer of CyDTA.

We have been focusing on the formation of helical structures
for both inorganic solids and inorganic-organic hybrid com-
pounds9 and molecular recognition and separation by selective
coordination. Obviously, molecular recognition is the first step
for a full separation for a racemic compound. Current investigation
provides the possibility to reach the aim for racemic separation
through selective coordination of one kind of enantiomer and
leaving the other in solution.
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Figure 1. View of (a) Cu-CyDTA chain in1 and (b) Cu-EDTA chain
in 2.

Figure 2. View of the packing structure of1 along theb axis (Cu, yellow;
C, white; O, red; N, blue).

Figure 3. View of the packing structure of2 along thec axis (Cu, yellow;
C, white; O, red; N, blue).
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