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The reactions of (S)-3-cyanophenylalanine with NaN3 in the
presence of H2O and Lewis acids (ZnCl2 and CdCl2) afford two
unprecedented 3D homochiral networks, mono[(S)-5-(3-tetrazoyl)-
phenylalaninato]zinc(II) (1) and mono[(S)-5-(3-tetrazoyl)-phenyla-
laninato]cadmium(II) monoaqua(II) (2), respectively. The two
compounds are isostructural with noninterpenetrated SrAl2 topology.
The structure of these coordination polymers gives new insight
into Sharpless’ reaction of chiral 5-substituted 1H-tetrazole and
homochiral supramolecular array constructions.

The in situ generation of bridging ligands through the
employment of hydrothermal techniques has proven to be a
successful approach for the synthesis of coordination poly-
mers in the form of high quality single crystals.1 In recent
times we have employed this technique to form coordination
polymers that use tetrazole-based ligands to link metal
centers.2 Our interest in this area was prompted by reports
by Sharpless et al. on the metal ion assisted synthesis of
tetrazoles through the 2+ 3 cycloaddition reactions of nitriles
with azide in aqueous solution (Scheme 1).3 We were
particularly interested in a solid intermediate product that

we believed was likely to be a coordination polymer.
Investigations of this type of reaction under hydrothermal
conditions with zinc or cadmium salts were particularly
fruitful and yielded a rich variety of coordination networks.2

Encouraged by our success in generating tetrazole-based
coordination polymers, we considered that this approach may
succeed in yielding homochiral polymers if the nitrile
employed in the hydrothermal reaction was chiral and
enantiomerically pure. Our interest in synthesizing homo-
chiral metal-organic polymers stems from the fact that they
often exhibit desirable optical properties and have potential
applications in the areas of chiral catalysis, enantioseparation,
and chemical sensing.4-8

In this present investigation, we have reacted (S)-3-
cyanophenylalanine ((S)-3-CNPHA) and NaN3 with either
ZnCl2 or CdCl2 under hydrothermal conditions. The coor-
dination polymers, mono[(S)-5-(3-tetrazoyl)phenylalaninato]-
zinc(II), [Zn((S)-TPA)] (1) and mono[(S)-5-(3-tetrazoyl)-phen-
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(2), were isolated from these reaction mixtures (Scheme 2).
The IR spectra of1 and2 show the absence of a cyano peak
in the 2100 cm-1 region, which supports the proposed
reaction between the nitrile and the azide. The formation of
a tetrazole group is supported by the emergence of a peak
at ca. 1400 cm-1. Strong peaks at 1590-1600 cm-1 are
consistent with the presence of a carboxylate group (see
Supporting Information).

The crystal structure determination of1 (Zn((S)-TPA))
reveals a complex, chiral, 3-D coordination polymer that
contains one unique ligand and one zinc center.9 The zinc
centers are coordinated by four (S)-TPA ligands, one of
which is chelating. This results in a 5-coordinate metal center
with a trigonal bipyramidal coordination geometry (Figure
1). The complex structure of this polymer is a consequence
of the unusual coordination mode of the pentadentate ligand
which is coordinated to 4 different Zn(II) centers.

The complex structure of the network is perhaps best un-
derstood by considering zigzag chains of zinc(II) centers that
extend in thea-direction. As can be seen in Figure 2, each
ligand links 3 metal centers within this chain. Neighboring
ligands that lie either side of the zigzag chain in Figure 2 are

linked by hydrogen bonds that extend from the amino group
of one ligand to the carboxylate group of the other ligand.

The described chain links to four equivalent parallel chains
through bridging tetrazole groups. The tetrazole groups direc-
ted upward in Figure 2 link to one parallel chain while the
tetrazoles directed downward link to another. Tetrazole groups
belonging to two other parallel chains complete the coordi-
nation environment of the Zn(II) centers shown in Figure 2.

The full structure is represented in Figure 3 which shows
the view down thea axis. To aid in the identification of the
chains, individual chains are represented by either blue
spheres or red spheres. Inspection of Figure 3 reveals that
each blue chain connects to four red chains and each red
chain connects to four blue chains. To the best of our
knowledge,1 is the first structurally characterized homochiral
tetrazole-based metal coordination polymer.10

Interestingly, compound2, formulated as [Cd((S)-TPA)]-
(H2O), is essentially isostructural with1. Part of the 3-D
structure of2 is represented in Figure 4. A minor difference
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Scheme 2

Figure 1. Part of the structure of1 showing the 5-coordinate zinc center
bound to four ligands and the ligand attached to four zinc(II) centers
(Zn, green; O, red; N, blue; C, black; H atoms were removed for clarity).

Figure 2. Zigzag chain of zinc atoms linked by bridging amino acid ligands
(Zn, green; O, red; N, blue; C, black; H atoms were removed for clarity).
Hydrogen bonds are indicated by the striped bonds.
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between compounds1 and2 is the inclusion of water within
the intranetwork voids of2 (see Supporting Information).

The connectivity of the networks in1 and 2 can be
simplified if the 4-connecting ligands and the 4-connecting
metal centers are represented by single nodes. If this simpli-
fication is made, the chains depicted in Figure 2 become
simple ladders. Within a ladder, each “metal center” node
is connected to three “ligand” nodes, and each ligand node
is connected to three metal center nodes. From a topological
viewpoint, the nodes representing ligands and metal centers
are equivalent. In addition to the intraladder connections,
each node of the ladder is linked to one of four equivalent
ladders that extend in the same direction. This net, which is
represented in Figure 5, shows ladders extending into the
page and linking to neighboring parallel ladders. In keeping
with the traditional representation of this net, the ladders are
represented by zigzag ladders. This network which was
characterized by Wells11 as a 42638-a net has been referred
to by Smith12 as the ABW tetrahedral net in Li-A(BW)
zeolite while O’Keeffe and Hyde13 refer to it as the SrAl2

net. In addition to the Li-A(BW) zeolite and SrAl2 structures,
the net is also apparent in the structures of CeCu2 and KHg2.14

To the best of our knowledge,1 and 2 represent the first
example of a homochiral inorganic-organic hybrid coordi-
nation polymer network with such net topology.14

The open channels make it possible to remove the guest
molecules from [Cd((S)-TPA)](H2O) (2). The TGA curve
of 2 showed that one discrete weight loss (4.79%) occurred
at 120-280 °C, corresponding to the removal of one
molecule of water per formula unit (4.97% calculated) while
there is no weight loss observed in the temperature range
280-390°C, suggesting the polymer is stable up to 390°C.
The resulting solid [Cd((S)-TPA)] retains the framework and
crystallinity, as supported by the consistent XRD patterns
of 1 and2. The porous nature of [Cd((S)-TPA)] was further
demonstrated by their ability to absorb water vapor to form
2. The dehydration and rehydration processes were reversible.
Furthermore, the frameworks of1 and 2 are stable before
400°C (see Supporting Information). Preliminary investiga-
tion of powdered samples1 and2 indicates they are second
harmonic generation active with an approximate estimation
of 1.02 times than that of urea.

The results presented here demonstrate the value of hydro-
thermal approaches in the generation of novel coordination
polymers. In particular, the in situ formation of homochiral
tetrazole-based ligands provides further encouragement that
the Sharpless-based approach to ligand formation has the
potential to lead to a wide variety of network structures.
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Figure 3. View down thea axis of the extended structure of1 with the
chains extending in the direction of thea axis. Each blue chain connects to
four red chains, and each red chain connects to four blue chains.

Figure 4. Part of the structure of2 showing the slightly distorted trigonal
bipyramidal coordination geometry of the cadmium center.

Figure 5. Topological representation of the network in1 and2. Individual
black spheres represent either the ligand or the metal center. Zigzag ladders
extend into the page.
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