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Single crystals of a symmetrically substituted molecule,
1,3,5-triazine-2,4,6-triaminehexaacetic acid, (TTHA) and its
Ca2+ salt have been synthesized, the analysis of which
reveals the existence of novel channel type cavities and
helical packing organizations in the crystals.

Nanoporous inorganic structures of widely varying three-
dimensional arrangements are well known.1 However, organic
molecules are generally more amenable to chemical functional-
ization. Consequently there has been a steady rise in attempts to
design organic molecules that can self-assemble via non-
covalent interactions.2 Indeed, intelligent use of the directional
nature of the hydrogen bonding and other structure directing
forces have generated solids with a whole variety of structural
motifs from man-made organic templates.3,4

Due to our continuing interest in the synthesis of organic
solids5 with controllable crystalline packing, we considered the
design of solids with framework structures, in which the
building blocks within the individual infinite networks are
linked either via H-bonds, or through metal-to-ligand bonds.
One way to develop solids with predictable 3D organization
requires design of a molecule with a symmetrical and well-
defined spatial arrangement of subunits, that can associate
through one or more non-covalent interactions. For this purpose
we chose the aromatic triazine nucleus in melamine as a core
which possesses -NH2 substituents at the 2-, 4- and 6-positions.
The ability of the melamine pendant residues to undergo H-
bonding interactions with other molecules or ions has been
exploited in both solution and the solid state.3 It occurred to us
that the -NH2 groups in melamine could be replaced by
-N(CH2CO2H)2 moieties, giving a core triazine nucleus with
three symmetrically placed, strongly metal-complexing bi-
dentate sites. The resulting ligand, 1,3,5-triazine-2,4,6-triamine
hexaacetic acid (TTHA, 1)† provides a symmetrical array of

three bidentate sites at which selected metal ions can be strongly
bound, each site closely resembling those in the ‘textbook’
chelating agent EDTA and related derivatives. One important
feature of the connecting ligands providing three bidentate
residues on the triazine hub is that when a metal ion binds to
three of them, the metal itself adopts the role of three nodal
points from which further connections could be engineered.
Therefore ligands like TTHA should be well poised to generate

a range of supramolecular framework structures in the solid
state.

Crystallization of TTHA from its aqueous solution yields a
solid which could be examined by single-crystal X-ray
diffraction.‡ In monoclinic crystals of 1 four molecules of
TTHA were found to be packed in the unit cell in the space
group C2/c, the molecular symmetry in the crystal lattice being
C2(2) which passes through the atoms N(11), C(12) and N(22)
(not shown). The nature of the intramolecular bond lengths in
the aromatic core is indicative of extensive p-electron delocal-
ization, which results in the planarity of this molecular entity.
From the values of the torsional angles it is clear that the
conformations of each -N(CH2CO2H)2 side-chain are slightly
different. These conformations adjust according to the need to
accommodate efficient intermolecular H-bonding interactions
in the lattice and deviate out of the plane of the triazine rings.

TTHA forms H-bonded (O–H…O) dimers through the
CO2H residues. Other weak interactions such as C–H…O and
C–H…N also exist. The supramolecular architecture produced
upon non-covalent association of TTHA, results in a ‘crinkled’
molecular tape supported by O–H…O H-bonds, which extend
in the direction of the c-axis (not shown). All six CO2H groups
in TTHA participate in such interactions and this association
extends infinitely (Fig. 1). Such supramolecular sheets of
TTHA are stacked along the a-axis giving exquisite channels of
various sizes. While the polar CO2H ends maintain the
channels, the columns in the channels in such aggregates are
made of triazine rings. The arrangement is reminiscent of
pillared inorganic layered structures, the CO2H residues

Fig. 1 Crystal packing of layers of TTHA in 3D showing the superposition
of eight layers of TTHA molecules leading to the formation of channels.
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forming pillars between the layers formed by TTHA in
TTHA.

This observation prompted us to explore the possibilities of
generating an open-framework metal-coordination polymer of
TTHA, using an oxophilic metal such as the Ca2+ ion. Indeed,
crystals of a suitable quality for single-crystal X-ray diffraction
of the Ca2+ salt of TTHA‡ were obtained upon prolonged
incubation in water. The structure of the Ca2+ salt of TTHA
consists of two molecules of TTHA, bound to two Ca2+ ions in
the asymmetric unit (not shown). The two crystallographically
independent TTHA molecules are related by an approximate
non-crystallographic centre of symmetry. However, the side-
arm -N(CH2CO2

2)2 anions projecting from the same triazine
hub show appreciable differences in their conformations.

From the crystal structure it is also evident that the two Ca2+

ions, Ca1 and Ca2 are octa-coordinated and are bridged by two
carboxy groups maintaining a distance of 4.84 Å. As many as
eight water molecules in the asymmetric unit are also found to
be involved in the formation of a 3D network of O–H…O H-
bonds. The most predominant feature of the solid state
organization is that Ca2+ and the water molecules are confined
to the crystal space between the two independent TTHA
molecules. This feature is shown in Fig. 2, which omits the
intermolecular H-bond connectivities for clarity. This also
shows that the supramolecular architecture of the molecules
along the b-axis is stabilized by O–H…O H-bonds. The planar
triazine part of the TTHA moieties is essentially perpendicular
to the c-axis of the unit cell. In this situation, the side-arms of
TTHA project out in such a manner that its terminal carboxy
groups not only participate in the intermolecular O-H…O H-
bonds but are also able to ligate with the Ca2+ ions. The planar
rings of the crystallographically independent triazines are
parallel to one another, separated by ~ 3.5 Å. However, the
triazine rings do not overlap completely and are partially
displaced from one another. Further inspection shows that a
helical organization exists in this polymeric network where
multiple, short triazine–triazine p or C–H…p triazine contacts
probably assist in stabilizing such helical organizations.

In summary, we were able to design a new supramolecular
scaffold utilizing TTHA as a central tecton which can form self-
organized entities in the solid state. The results presented herein
augur well for the future generation of a whole variety of
crystalline coordination polymers based on templates bearing

aminediacetic acid (EDTA and related ligands) with a wide
choice of metal centers, in some cases with channel-like
organizations. In view of the increasing demand for the
synthesis of planar molecular templates with trigonal and
hexagonal symmetry for materials design,6 TTHA should
provide convenient routes to prepare a new family of solids, the
packing organizations of which could be controlled by crystal
engineering. Other metal substitution may allow the generation
of porous solids with redox or charged subsites and these might
offer new matrices with altered physical properties for specific
catalytic and separation science applications. Synthesis and
investigation of the properties of these novel solid materials are
underway.
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Notes and references
† TTHA and its precursors have been characterized spectroscopically and
also by elemental analysis and the corresponding data were consistent with
their proposed structures.
‡ Single crystal X-ray diffraction studies. X-Ray diffraction intensities were
measured at room temperature by v scans using a Siemens three-circle
diffractometer attached to a CCD area detector and a graphite mono-
chromator for the Mo-Ka radiation (50 kV, 40 mA). The crystal structures
were solved by direct methods using the SHELXTL program7 and refined
by full matrix least squares on F2. All the non-hydrogen atoms were refined
anisotropically. H atoms were located by the difference Fourier method and
were refined isotropically. CCDC 182/1677.

Crystal data: C15H18O12N6 (TTHA), M = 474.3, monoclinic, space
group C2/c, a = 5.057(1), b = 21.607(2), c = 17.406(2) Å, b = 91.69(1)°,
V = 1900.0(0) Å3, Z = 4, Dcalcd. = 1.797 g cm23, m(Mo-Ka) = 0.07
mm21, F(000) = 492. Crystal dimensions 0.35 3 0.35 3 0.20 mm. The
final R-values were R1 = 0.0464, Rw = 0.1267 and GOF = 1.162 for 1386
reflections.

C30H32O24N12Ca2•8H2O (Ca2+ salt of TTHA), M = 1168.9, triclinic,
space group P1, a = 10.407(1), b = 10.990(2), c = 20.543(8) Å, a = 92.82
(2), b = 98.82 (2), g = 95.43 (2)°, V = 2306.5(8) Å3, Z = 4, Dcalcd. = 1.68
g cm23, m(Mo-Ka) = 0.37 mm21, F(000) = 1212.0, Crystal dimensions
0.63 3 0.60 3 0.43 mm. The final R-values were R1 = 0.0403, Rw =
0.1334 and GOF = 1.148 for 4911 reflections.
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Fig. 2 Ca2+ ion induced supramolecular motif of TTHA showing the helical
organization.
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