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The chiral 3-fold interpenetrating diamondoidlike Cu(II)-containing
coordination polymer [Cu(2,5-bis(4-pyridyl)-1,3,4-oxadiazole)2(H2O)]-
(ClO4)2]n (1a) is reported. It undergoes a temperature-driven
reversible single-crystal-to-single-crystal structural transformation
between room- (293 K, 1a) and low-temperature (150 K, 1b) forms.

The design and syntheses of organic-inorganic coordina-
tion polymers with novel topologies and structural motifs is
of current interest in the field of coordination chemistry.1-3

Over the past decades, different classes of polymeric
compounds fitting this general description have been suc-
cessfully designed and synthesized. Some of them exhibit
encouraging potential applications, including nonlinear op-
tics, catalysis and separation, magnetism and molecular
recognition, and so on.3 Among different types of net-
assembled polymeric frameworks reported so far, interpen-
etrating chiral networks are of particular interest in relation
to the topological types of three-dimensional nets postulated
by Wells.4 On the other hand, the solid-state structural

transformation of metal-organic frameworks is also an
interesting phenomenon attracting increasing attention and
which may prove to possess important applications. For
instance, structural transitions upon removal and exchange
of guest molecules from metal-organic frameworks have
been well documented.5 We and others have been developing
coordination polymers generated from oxadiazole bridging
organic ligands such as 2,5-bis(4-pyridyl)-1,3,4-oxadiazole
(L1) and inorganic salts. Arising from the bent shape of the
oxadiazole-containing ligand together with the coordination
preferences of transition metals, new types of coordination
polymers, some with open channels, have been obtained.6

In this communication, we report the spontaneous resolution
of a novel chiral 3-fold interpenetrating three-dimensional
Cu(II)-containing coordination polymer, namely [Cu(L1)2-
(H2O)](ClO4)2]n(solvate) (1a), which shows a reversible
single-crystal-to-single-crystal reversible structural transfor-
mation between room (293 K,1a) and low temperature (150
K, 1b) (Figure 1).

The reaction7 of Cu(ClO4)2‚6H2O with L1 in a 1:2 ratio
in a CH2Cl2/CH3OH mixed solvent system afforded1a as
deep blue crystals in 90% yield. In this reaction system, the
product does not depend on the ligand-to-metal reactant ratio.
At room temperature (RT), compound1acrystallizes8 in the
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chiral tetragonal space groupP41212, an enantiomorphous
space group confirmed on the basis of the absolute structure
(Flack) parameter of 0.04(1) refined from the X-ray data.
As shown in Figure 1, each Cu(II) center lies in a square
pyramidal coordination environment of four basal N-donors
from one crystallographically independentL1 ligand and its
three symmetry equivalents and one axial O-donor from a
coordinated water molecule. The Cu(II) center and the
coordinated water molecule are located on a crystallographic
2-fold axis of rotation along the [110] direction. Bond
distances around Cu(II) are unremarkable (Figure 1). In the
solid state (Figure 2), Cu(II) centers are linked by bentL1
ligands into a three-dimensional adamantoid arrangement,
leaving huge cavities inside the frameworks. When viewed
down the crystallographica, c, and [110] directions, big
rhombic, rectangular, or elliptical channels could be found
(Supporting Information). However, these channels of an
individual diamondoid framework (4.2× 2.3 nm2) are
partially filled up by two interpenetrated symmetry-
equivalent frameworks, leaving the only rectangular channels
along the crystallographicc axis with the dimension of 8×

18 Å2 (Figure 3), in which the badly disordered ClO4
- anions

and solvent molecules (crystallographically unidentified) are
located (Supporting Information). The TGA trace of1a
indicates that, after solvent guest removal, the framework
of the compound is stable up to 225°C.

The most important feature of the crystal of1a is that it
undergoes a reversible single-crystal-to-single-crystal struc-
tural transformation driven by temperature. When crystals
of 1a were cooled from room temperature to 150 K, a
reduction in crystal symmetry from tetragonal to orthorhom-
bic was observed, commencing near 170 K and complete
by ca. 160 K. The transformation results in only a slight
unit cell change, indicated in the diffraction data by the
breaking of the equivalence of the tetragonala andb axes.
Some degradation of crystal quality was indicated by the
broadening of the diffraction maxima and disappearance of
intense high-angle diffraction; however, the change was
conclusively established through a complete X-ray single-
crystal analysis at 150 K. The transformation results in
degeneration of the 41 symmetry axis into a 21 axis and
adoption of the chiral orthorhombic space groupP212121.
The low-temperature crystal is twinned to emulate its former
tetragonal symmetry.8 This unusual structural transformation
from tetragonal1a to orthorhombic1b was verified by the
ADDSYM routine in PLATON9 and the successful refine-
ments. The structure determination reveals that at low
temperature (LT) the square pyramidal{CuN4O} coordina-
tion environment persists largely unchanged with only
slightly different bond distances and angles (Figure 1 and
Supporting Information). There are now two crystallographi-
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Figure 1. Displacement ellipsoid plot of the Cu(II) environments of the
RT tetragonal and LT orthorhombic forms, showing the atom labeling
scheme. Note the two nonequivalent ligands in the LT form. Ellipsoids
drawn at the 20% and 30% probability levels for the RT and LT forms,
respectively. Selected bond distances (Å): RT form: Cu-N1(N1A) )
2.012(2), Cu-N4B(N4C)) 2.032(2), Cu-O2 ) 2.216(2). LT form: Cu-
N1 ) 2.031(7), Cu-N8A ) 2.019(6), Cu-N5 ) 2.026(7), Cu-N4A )
2.036(7), Cu-O3 ) 2.175(5).

Figure 2. Diamondoidlike framework (left) and its 3-fold interpenetrating
network (right, in different colors) in1a.

Figure 3. Adamantoid cavity formed in individual framework (left) and
rectangular channels formed along the [110] direction (right) in1a, ClO4

-

counterions are omitted for clarity.
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cally independent L1 ligands. At 150 K, the thermal motion
is lessened to the extent that a highly restrained three-
component disorder model for one of the two ClO4

- anions
could be refined. The ClO4- anion is located near the vacant
Cu(II) coordination site, with the closest Cu-O distance
being>3 Å. Compared to1a, an almost identical polymeric
pattern with 3-fold interpenetrating three-dimensional cat-
ionic framework was found (Figure S4). The structural
transformation is apparently a mild shift in ligand arrange-
ment, perhaps promoted by partial anion/solvent motion
within the cavities, which causes a breakdown of the
crystallographically imposed 4-fold symmetry. When the
temperature was warmed again to RT (293 K), the tetragonal
RT structure of1a was restored, as evidenced by X-ray
single-crystal analysis.8

As we know, there are several ways to access chiral
systems, such as starting with achiral building blocks to
construct chiral structures,10 using chiral organic ligands
incorporating metal ions into supramolecular arrays or
coordination polymers, or forming helical chains.11 To date,
numerous chiral metal-organic polymeric compounds are
obtained on the basis of the above strategies; however, the
chiral three-dimensional porous networks, especially those
constructed from symmetrical ligands, are still quite un-
usual.12 To the best of our knowledge, compound1a is the
first chiral 3-fold interpenetrating three-dimensional network
showing a single-crystal-to-single-crystal transformation in
the solid state driven by temperature, although some robust
metal-organic compounds which are able to retain their
frameworks and single-crystallinity upon removal and ex-
change of the guest molecules were reported.6c,13

Compound1a is photoluminescent in the solid state.14 1a
exhibits one fluorescence emission maximum at 373 nm upon
photoexcitation at 213 nm. Compared to the fluorescence
signal of the freeL1 ligand (358 nm), this emission peak is
slightly red-shifted. We thus believe that the luminescence
of 1aoriginates from ligand-centered n-π* or π-π* process
(Figure S6). A circular dichroism (CD) spectrum of1a was
recorded on the single crystals. It is noteworthy that CD

spectra of two kinds of single crystals with opposite
handedness are mirror images of each other, which indicates
their enantiomeric nature (Supporting Information). The
spectra exhibit an obvious Cotton effect, indicating that
spontaneous resolution took place during the course of
crystallization, which provides potential utility as chiroptical
materials.15

In summary, we have shown that the achiral bent 2,5-bis-
(4-pyridyl)-1,3,4-oxadiazole ligand could be used as a spacer
to synthesize a chiral metal-organic framework. The new
chiral polymeric complex [Cu(2,5-bis(4-pyridyl)-1,3,4-
oxadiazole)2(H2O)](ClO4)2]n (1a) exhibits an interesting
temperature-controlled phase-transformation phenomenon.
We believe such completely stereospecific self-assembly of
uncoordinated heteroatoms containing organic spacers and
inorganic metal ions without any chiral auxiliary in self-
assembly would offer a very useful tool for chiroptical and
chiral recognition applications. Current efforts toward the
preparation of new chiral polymeric systems such as1a
containing other transition metals based on this type of ligand
are underway.
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