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A hydro(solvo)thermal reaction between Zn(ClO4)2·6H2O
and Z-3-(4-cyanostyryl)pyridine affords an unprecedented
chiral 3D coordination polymer Zn{Z-[4-2-(3-pyridyl)ethe-
nyl]benzoate}2·0.5H2O with two intersecting six-fold helices,
which shows a modest SHG activity owing to the essentially
non-conjugate nature of the bridging ligand.

Chiral coordination networks are of great interest because of
their potential utility in second-order nonlinear optical (NLO)
applications,1 chiral separations, and asymmetric catalysis.2
Among many chiral structural motifs,3 helices are of particular
interest owing to their structural similarity to nucleic acids.4 The
chirality of such complexes has also shown potential in
asymmetric catalysis.2 We recently demonstrated the construc-
tion of acentric and chiral square grids using bifunctional trans-
pyridylethenylbenzoate linking ligands.1 In contrast, we believe
that steric interactions in cis-pyridylethenylbenzoate will cause
the pyridyl and phenyl group to significantly deviate from
coplanarity. Such ‘skewing’ of coordination sites in the cis-
pyridylethenylbenzoate should favor the formation of a helical
structure. Herein we wish to report the synthesis and character-
ization of an unprecedented chiral 3D network resulting from
the crosslinking of two distinct helices, Zn{Z-[4-2-(3-pyr-
idyl)ethenyl]benzoate}2·0.5H2O, 1.

Compound 1 was obtained in 60.5% yield by treating
Zn(ClO4)2·6H2O and Z-3-(4-cyanostyryl)pyridine under hydro-
(solvo)thermal conditions [eqn. (1)].5,6† The IR spectrum of 1
shows two strong symmetric CNO stretches at 1361 and 1400
cm21, suggesting both monodentate and bidentate coordination
of the carboxylate groups.7 The formulation of 1 is supported by
elemental analysis and thermogravimetric analysis results.8

A single crystal X-ray diffraction study of 1‡ reveals an
infinite 3D coordination polymer consisting of two distinct
crosslinked helices. Compound 1 crystallizes in the chiral space
group P32. The basic building block of 1 contains two
crystallographically nonequivalent Zn atoms, four Z-
[4-2-(3-pyridyl)ethenyl]benzoate (Z-L) ligands, and one sol-
vated water molecule (Fig. 1).9 The four Z-L ligands adopt two
drastically different confirmations: the Z-L1 and Z-L2 ligands
are similar with a dihedral angle of 47.2 and 4.75° between the
phenyl and pyridyl rings, while the dihedral angles for the Z-L3

and Z-L4 ligands are 70.3 and 70.1°. The Zn1 center adopts a
cis-octahedral configuration by coordinating to the carboxylate
groups of Z-L3 and Z-L4 in a semichelating fashion and to the
pyridyl nitrogen atoms of Z-L1 and Z-L2. In contrast, the Zn2

center adopts a tetrahedral geometry by coordinating to the
carboxylate groups of Z-L1 and Z-L2 in a monodentate fashion
and to the pyridyl nitrogen atoms of Z-L3 and Z-L4.

The Zn1 and Zn2 centers are bridged by Z-L3 and Z-L4 to
form an infinite sixfold helix parallel to the c axis (the Zn–Zn
separations are 12.15 and 12.16 Å, respectively). The helices
directed by the Z-L3 and Z-L4 are of the right-handed screw type
and will be referred to as the primary helix (Fig. 2). The primary
helix has a helical period of 44.18 Å, and each helical repeat
contains three Zn1 and three Zn2 centers.

Conformationally similar Z-L1 and Z-L2 ligands serve to link
Zn1 centers of a primary helix to Zn2 centers of adjacent
primary helices. Each primary helix is covalently linked to six

Fig. 1 Coordination geometry in 1 of Zn1 and Zn2 centers. The ellipsoids
represent zinc centers, while the circles with increasing sizes represent C, N
and O, respectively. Zn1–O distances: 2.084(4), 2.086(5), 2.319(5), and
2.335(5) Å; Zn2–O distances: 1.954(4) and 1.956(4) Å. The Zn–N distances
range from 2.03 to 2.08 Å.

Fig. 2 A view of the cross-link between a primary helix and a secondary
helix in 1 as shown down (a) the (111) face and (b) the c axis. The open
bonds represent the primary helix,while the filled bonds represent the
secondary helix. For clarity, the Z-L1 and Z-L2 ligands have been omitted in
(b).
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neighboring primary helices. The Zn–Zn separations (7.47 and
7.49 Å) along the Z-L1 and Z-L2 bridges are significantly shorter
than those along the Z-L3 and Z-L4 bridges. More interestingly,
the connectivity propagated by Z-L1 and Z-L2 results in the
formation of a secondary sixfold helix parallel to the c axis [Fig.
2(b)]. The secondary helix is of the left-handed screw type and
crosslinks the primary helices to afford an infinite 3D network
(Fig. 3).

Many discrete helical structures10 and infinite helical coor-
dination polymers11 have been synthesized over the past
decade. In some of these helical structures, neighboring helices
are connected to each other via crosslinking to form 3D
networks.12 However, the structure of 1 is unprecedented in that
the ‘crosslinks’ (the secondary helices) in 1 also display a
helical-type structure. Both Zn1 and Zn2 centers in 1 are
rendered chiral via coordination to the carboxylate and pyridyl
functionalities of the bridging ligands. Linking of chiral repeats
units into a non-interpenetrated network has thus ensured the
bulk chirality of 1. Preliminary Kurtz powder second harmonic
generation (SHG) measurements13 indicated that 1 exhibits an
expected modest powder SHG efficiency (I2w = 6 vs. a-quartz)
because of the non-conjugate nature of the Z-L ligand. Future
work is directed toward the synthesis of efficient NLO materials
via the incorporation of highly conjugated linking ligands.
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and ACS–PRF for financial support. We also thank Dr Scott R.
Wilson and the Materials Chemistry Laboratory at University of
Illinois at Urbana-Champaign for X-ray data collections.
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Fig. 3 A perspective view of 1 slightly away from the c axis showing the 3D
network resulting from the crosslinking of primary helices with secondary
helices. Only Zn atoms are shown. The primary helices are represented as
open bonds, while the secondary helices are represented as filled bonds.
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