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The chiral 3-fold interpenetrating diamondoidlike Cu(ll)-containing
coordination polymer [Cu(2,5-bis(4-pyridyl)-1,3,4-oxadiazole),(H0)]-
(ClO4)]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.

transformation of metatorganic 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 metabrganic frameworks have
been well documentedWe 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
tion polymers with novel topologies and structural motifs is 0xadiazole-containing ligand together with the coordination
of current interest in the field of coordination chemistry. preferences of transition metals, new types of coordination
Over the past decades, different classes of polymeric polymers, some with open channels, have been obtdined.
compounds fitting this general description have been suc- In this communication, we report the spontaneous resolution
cessfully designed and synthesized. Some of them exhibitof a novel chiral 3-fold interpenetrating three-dimensional
encouraging potential applications, including nonlinear op- Cu(ll)-containing coordination polymer, namely [QCd().,-

tics, catalysis and separation, magnetism and molecular(H20)](ClOs)z](solvate) (&), which shows a reversible
recognition, and so oh.Among different types of net-  single-crystal-to-single-crystal reversible structural transfor-
assembled polymeric frameworks reported so far, interpen- mation between room (293 Ka) and low temperature (150
etrating chiral networks are of particular interest in relation K, 1b) (Figure 1).

to the topological types of three-dimensional nets postulated The reactioh of Cu(CIQy),+6H,0 with L1 in a 1:2 ratio

by Wells! On the other hand, the solid-state structural in a CHCI,/CH;OH mixed solvent system affordeth 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), compoudd crystallize$ in the
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Preparation of [Cu(1)2(H20)](ClOa), (18). A solution of Cu(CIlQ)-
6H,0 (37.5 mg, 0.1 mmol) in MeOH was layered onto a solution of
L1 (44.8 mg, 0.2 mmol) in CkCl, (9 mL). The solutions were left

(7

~

for about one month at room temperature, and deep-blue crystals were

obtained. Yield, 90% (based on Cu(G)a&H.0). IR (KBr, cnY):
3500(s), 3130(w), 1626(s), 1572(s), 1540(s), 1488(s), 1435(s), 1335-
(m), 1280(w), 1222(w), 1145(s), 1119(vs), 1089(vs), 842(s), 728(m),
710(m). Anal. Calcd for gH2,Cl,CuNsOs2 C, 38.45; H, 2.94; N,
14.95. Found: C, 38.30; H, 2.73; N, 14.72.
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Figure 1. Displacement ellipsoid plot of the Cu(ll) 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 (A): RT form:—Gil(N1A) =
2.012(2), Cu-N4B(N4C)= 2.032(2), Ct-O2= 2.216(2). LT form: Cu-

N1 = 2.031(7), Ca-N8A = 2.019(6), Cu-N5 = 2.026(7), Cu-N4A =
2.036(7), Ca-0O3 = 2.175(5).

chiral tetragonal space grog®,2;2, 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(ll) center lies in a square
pyramidal coordination environment of four basal N-donors
from one crystallographically independeit ligand and its
three symmetry equivalents and one axial O-donor from a
coordinated water molecule. The Cu(ll) center and the
coordinated water molecule are located on a crystallographic
2-fold axis of rotation along the [110] direction. Bond
distances around Cu(ll) are unremarkable (Figure 1). In the
solid state (Figure 2), Cu(ll) centers are linked by beht
ligands into a three-dimensional adamantoid arrangement
leaving huge cavities inside the frameworks. When viewed
down the crystallographia, ¢, 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 nn¥) are
partially filled up by two interpenetrated symmetry-
equivalent frameworks, leaving the only rectangular channels
along the crystallographic axis with the dimension of &

(8) All intensity data measurements performed with Bruker SMART
APEX CCD diffractometer (graphite-monochromated Ma. Kadia-
tion, A = 0.71073 A). Data reduction: SAINT-PLUS Version 6.22,
absorption corrections not applied. Structure solution (direct methods),
full-matrix least-squares refinemenE?3 and Fourier calculations
performed with SHELXTL Version 6.14. All programs obtained from
Bruker AXS, Madison, WI. Crystal datda (RT form): [Cu(L1),-
(H20)](ClOg)2-unknown solvate: M, = 748.94, deep-blue block,
tetragonal P4,2:2, a = 16.4355(6) ¢ = 13.9077(6) AV = 3756.8-

(3) A3, Z= 4. Final R indicesI[> 20(1)] R1 = 0.0291, wR2= 0.0746.
Disordered solvent and ClO anions could not be modeled success-
fully and were removed from the reflection data with SQUEEZE
(solvent/anion-accessible void volure1770.6 &, 47.1% total unit
cell volume). Crystal datdb (LT form): [Cu(L1)2(H20)](ClO4)2*
unknown solvate: M, = 748.94, deep-blue block, orthorhombic,
P2:2121, a= 13.7327(14)b = 16.4189(16)¢ = 16.5975(16) AV =
3742.3(6) B, Z = 4. Final R indices|[ > 20(I)] R1 = 0.0633, wR2

= 0.1625. Orthorhombic cell axes permutedh§ortho)= cab(tetrag))

to conform to conventional orthorhombic cell< b < c. Disordered
solvent and one Cl& anion could not be modeled successfully and
were removed from the reflection data with SQUEEZ&blvent/anion-
accessible void volumes 1753.1 &, 46.8% total unit cell volume).
Crystal refined as pseudo-tetragonal twin, with twin matrix (by rows)
[1 00/0 0 1/0 1 0], and refined major twin fraction 0.75(2).
Refinement truncated atizax= 45° due to lack of appreciable high-
angle scattering. Crystal data’ (the data were obtained aftéb was
warmed again to room temperature): [CLf2(H20)](ClO4)2-unknown
solvate: M; = 748.94, deep-blue block, tetragorfa#; 2,2, a = 16.403-
(2), c = 13.905(3) A,V = 3741.6(10) &, Z = 4. Final R indices|[

> 20(1)] R1 = 0.0710, wR2= 0.1689.
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Figure 2. Diamondoidlike framework (left) and its 3-fold interpenetrating
network (right, in different colors) ila.
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Figure 3. Adamantoid cavity formed in individual framework (left) and
rectangular channels formed along the [110] direction (righf)anClO,~
counterions are omitted for clarity.

18 A2 (Figure 3), in which the badly disordered GliCanions
and solvent molecules (crystallographically unidentified) are
located (Supporting Information). The TGA trace ba
indicates that, after solvent guest removal, the framework
of the compound is stable up to 226.

The most important feature of the crystalId 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 tetragoaandb 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;4symmetry axis into a 2axis and
adoption of the chiral orthorhombic space groRpi2:2;.

The low-temperature crystal is twinned to emulate its former
tetragonal symmetr§This unusual structural transformation
from tetragonatla to orthorhombiclb was verified by the
ADDSYM routine in PLATON and the successful refine-
ments. The structure determination reveals that at low
temperature (LT) the square pyramig&uN,O} 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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cally independent L1 ligands. At 150 K, the thermal motion spectra of two kinds of single crystals with opposite
is lessened to the extent that a highly restrained three-handedness are mirror images of each other, which indicates
component disorder model for one of the two ¢l@nions their enantiomeric nature (Supporting Information). The
could be refined. The CI© anion is located near the vacant spectra exhibit an obvious Cotton effect, indicating that
Cu(ll) coordination site, with the closest €O distance spontaneous resolution took place during the course of
being>3 A. Compared td.a, an almost identical polymeric  crystallization, which provides potential utility as chiroptical
pattern with 3-fold interpenetrating three-dimensional cat- materials'®
ionic framework was found (Figure S4). The structural  In summary, we have shown that the achiral bent 2,5-bis-
transformation is apparently a mild shift in ligand arrange- (4-pyridyl)-1,3,4-oxadiazole ligand could be used as a spacer
ment, perhaps promoted by partial anion/solvent motion to synthesize a chiral metabrganic framework. The new
within the cavities, which causes a breakdown of the chiral polymeric complex [Cu(2,5-bis(4-pyridyl)-1,3,4-
crystallographically imposed 4-fold symmetry. When the oxadiazole)H,0)](ClO4),], (1a) exhibits an interesting
temperature was warmed again to RT (293 K), the tetragonaltemperature-controlled phase-transformation phenomenon.
RT structure ofla was restored, as evidenced by X-ray We believe such completely stereospecific self-assembly of
single-crystal analysis. uncoordinated heteroatoms containing organic spacers and
As we know, there are several ways to access chiral inorganic metal ions without any chiral auxiliary in self-
systems, such as starting with achiral building blocks to assembly would offer a very useful tool for chiroptical and
construct chiral structuré$,using chiral organic ligands chiral recognition applications. Current efforts toward the
incorporating metal ions into supramolecular arrays or preparation of new chiral polymeric systems suchlas
coordination polymers, or forming helical chaifislo date, containing other transition metals based on this type of ligand
numerous chiral metalorganic polymeric compounds are are underway.
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-
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