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A supramolecular copper−aqua−crown ether complex, [CuII(H2O)4-
(dibenzo-24-crown-8]2+ (1c) is stabilized with a Lindqvist-type
polyoxometalate anion, [MoVI

6O19]2- (1a), in an ion-pair compound
[CuII(H2O)4(dibenzo-24-crown-8][MoVI

6O19] ≡ [1c][1a] ≡ 1. In the
crystal, 1c and 1a assemble to a chainlike structure in which each
polyoxoanion 1a is sandwiched by two 1c cations. 1c is a
structurally characterized dibenzo-24-crown-8 (a larger-cavity crown
ether) supramolecular complex that shows encapsulation of a small
cation at the center of its internal cavity, and compound 1
represents a unique example of a first-row transition metal−crown
ether inclusion complex that interacts with a polyoxometalate anion.

Crown ethers have been extensively used in supramolecu-
lar chemistry because they have potential applications in
molecular recognition, transportation, and catalysis.1 The
most striking characteristics of crown ethers is their selective
complexation ability with the cationic species.2 These
macrocyclic polyethers (crown ethers), which have “hard”
donor atoms, do not readily form complexes with first-row
transition metals in their low oxidation states because such
metal ions provide only “soft” coordination (acceptor) sites.
Only a small number of first-row transition metal-crown
ether complexes had been structurally characterized, in which
the direct bond formation between the transition metal and
the crown ether oxygens became possible (in complexes with
the smaller ring crown ethers, e.g., 15-crown-5 and 12-
crown-4 ethers).3 In the case of (comparatively) larger ring
crown ethers, the linkage between the metal center and the
crown ether is usually provided by one or more water

molecules that are directly coordinated to the metal ion and
hydrogen-bonded to the oxygens of the crown ether. In such
cases, the crown ethers act as second-sphere ligands.4 The
macrocyclic polyether dibenzo-24-crown-8, originally syn-
thesized by Pedersen,2a has been shown to form complexes
with alkaline and alkaline-earth metal ions4f and a ScCl2+

ion (as a first-row transition-metal complex ion).4a Most of
these dibenzo-24-crown-8 complexes include both direct
linkage and second-sphere complex formation via hydrogen-
bonding interactions. Because dibenzo-24-crown-8 is a
relatively larger cavity crown ether, it accommodates more
than one K+ in its cavity using direct covalent bonds5 and it
hosts one Ba2+ ion6 (a bigger cation) or one ScCl2

+ ion
through both direct coordination and second-sphere com-
plexation but in an “off-center” position.4a,6The encapsulation
of any cation at the center of the cavity of dibenzo-24-
crown-8 has not yet been achieved probably because of its
larger cavity size and flexible nature. We report here the
inclusion of a Cu2+ ion (a cation, smaller than a Na+ ion)
by introducing a polyoxomolybdate anion [Mo6O19]2- that
stabilizes the Cu2+ ion at the center of the “large-cavity crown
ether” dibenzo-24-crown-8 via supramolecular hydrogen-
bonding interactions. The coexistence of polyoxoanion and
crown ether has attracted special attention and opened a new
field in the area of polyoxometalate (POM) chemistry.7 The
crown ethers, supported by polyoxoanions, can be used to
separate specific metal ions (depending on the cavity size
of the crown ether) from aqueous solutions by precipitation
methods.8 To date, the reported crown ether-POM com-
pounds contain mostly alkali and alkaline-earth metals7a-i

and sometimes lanthanides7j and hydronium ions7g as cations.
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To our knowledge, no first-row d-block transition metal-
crown ether inclusion complex that interacts with a POM
anion has yet been reported. Such systems would be im-
portant and valuable additions in the area of POM chemistry
because of their interesting physical properties and thereby
their applications in interdisciplinary areas. We describe here
a copper-aqua-crown ether inclusion complex, [CuII(H2O)4-
(dibenzo-24-crown-8]2+ (1c), that sandwiches a Lindqvist-
type POM anion, [MoVI

6O19]2- (1a), forming a chainlike
arrangement in the title compound [CuII(H2O)4(dibenzo-24-
crown-8][MoVI

6O19] ≡ [1c][1a] ≡ 1.
Compound1 was prepared9 as brown rectangular-shaped

blocks from an acetonitrile solution dissolving dibenzo-24-
crown-8 (C24H32O8), [Bu4N]2[Mo6O19], and Cu(NO3)2‚3H2O.
The crystals of1 were characterized by IR, elemental
analysis,10 visible, and ESR spectroscopy and unambiguously
by a single-crystal X-ray diffraction technique.11

The crystal structure of1 consists of1c as a cation and
1a as an anion. The crystal structure of1 is shown in
Figure 1.

The structure of cation1c is separately shown in Figures
2 and 3. The Cu2+ ion sits exactly at the center (that is, the
crystallographic inversion center) of the octagon consisting
of polyether oxygen atoms. In1c, the copper center is
coordinated by two trans ethereal oxygen atoms (O14) of
the crown ether and four water molecules (two O15 and two
O16 atoms) to give a distorted octahedral geometry around
copper. The average equatorial Cu-OH2 distance of 1.957-
(2) Å is considerably smaller than those in other related
copper-aqua complexes.12 This is probably the result of

exclusive hydrogen-bonding interactions (vide infra). The
coordination of crown ether-oxygen atoms at the apical sites
of the copper ion (average axial Cu-O ) 2.383(2) Å) is the
geometrical constraint for a large-cavity crown ether dibenzo-
24-crown-8. Upon complex formation, the 24-membered ring
of the free ligand dibenzo-24-crown-8, which takes a planar
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Figure 1. Thermal ellipsoid plot of1c (bottom) and1a (top) in 1.
Hydrogen atoms of the crown ether and water molecules have been omitted
for clarity.

Figure 2. View of 1c showing direct Cu-crown ether bonding and the
interactivity hydrogen bonding as second-sphere complexation. Color
code: Cu, blue; O, red; C, green; H, purple. Hydrogen bonds are shown as
dashed purple lines. Hydrogen-bonding parameters: O15-H15Y‚‚‚O5#2,
0.69(4), 2.07(4), and 2.751(3) Å, 173(4)°; O15-H15X‚‚‚O12, 0.66(3), 2.23-
(3), and 2.883(3) Å, 165(4)°; O16-H16Y‚‚‚O13, 0.65(4), 2.06(4), and
2.688(3) Å, 165(4)°; O16-H16X‚‚‚O11, 0.62(3), 2.18(3), and 2.789(3) Å,
166(4)°.

Figure 3. Space-filling plot of the crown ether dibenzo-24-crown-8 that
encapsulates the Cu2+ ion at the center of the cavity. Copper-coordinated
water molecules and relevant hydrogen bonds are not shown. Color code:
Cu, blue; O, red; C, green.
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conformation,13 changes to a chairlike structure. This is
consistent with the differences in torsion angles in the rings
of free dibenzo-24-crown-8 and in complex1c (see the
Supporting Information). Six hydrogen atoms of four copper-
coordinated water molecules get hydrogen-bonded to the
crown ether via ethereal oxygen atoms, making1c a unique
supramolecular entity. The other two hydrogen atoms of the
copper-coordinated waters are hydrogen-bonded to two
bridging oxygen atoms (O5) of two neighboring POM anions
[MoVI

6O19]2-.
This results in the formation of a supramolecular chainlike

arrangement, along which the isopolyanion1a is sandwiched
by two copper-aqua-crown ether complex cations (1c) and
so on, as shown in Figure 4. We believe that the isopolyanion
1aplays an important role in the encapsulation of the copper
ion at the center of the cavity of the larger ring crown ether
dibenzo-24-crown-8 by stabilizing a tetra-aqua-Cu(II) com-
plex [Cu(H2O)4]2+ and forming a sandwichlike arrangement
that consists of1c and1a. Indeed, the O-H‚‚‚O hydrogen
bonds involving isopolyanion1aare stronger among all eight
hydrogen bonds as far as the∠OHO angle is concerned (see

the caption of Figure 2). In the polyanion1a, each Mo atom
is surrounded by a distorted octahedron consisting of one
central Oc, one terminal Ot, and four bridging Ob atoms
(Figure 1). This anion has approximateOh symmetry.
Compound1 is a paradigm of direct encapsulation of a first-
row transition-metal ion by this large-cavity crown ether that
exists with a POM anion. Remarkably, the complex cation
1c is unique in the sense that, besides the inclusion of a Cu2+

ion at the center of its cavity, all eight water hydrogens and
crown ether oxygens are exclusively involved in supramo-
lecular interactions (Figure 2).

In the IR spectrum of compound1, the copper-coordinated
water molecules appear as well-resolved peaks at 3308 and
3076 cm-1, supporting the theory that all hydrogen atoms
in 1 are involved in hydrogen-bonding interactions. ESR
spectra measured at liquid-nitrogen temperature and room
temperature showed theg anisotropy with axial symmetry
(g| > g⊥). The electronic reflectance spectrum consists of a
broad band with a maximum at 800 nm, which can be
assigned to d-d transition for a Cu2+ (d9) system (see the
Supporting Information for IR, ESR, and electronic spectral
figures and related discussions).

In summary, complex1c is a novel example in which a
large-cavity crown ether dibenzo-24-crown-8 includes a
considerably smaller cation Cu2+ ion at the center of its
internal cavity. We have described a unique system1 that
comprises a first-row transition-metal-encapsulated crown
ether supramolecular complex interacting with a POM anion.
Compound 1 represents a rare example of a first-row
transition metal-tetra-aqua supramolecular complex in in-
organic crown ether chemistry and a new sandwich-type
organic-inorganic hybrid material in POM chemistry.

Acknowledgment. We thank DST, Government of India,
for financial support (Project SR/S1/IC-18/2002). The Na-
tional X-ray Diffractometer facility at University of Hydera-
bad by the Department of Science and Technology, Gov-
ernment of India, is gratefully acknowledged. We are grateful
to UGC, New Delhi, India, for providing an infrastructure
facility at University of Hyderabad under a UPE grant. We
thank Professor M. V. Rajashekaran for helpful discussions.
V.S. thanks CSIR, New Delhi, India, for a fellowship.

Supporting Information Available: Text and figures depicting
IR, ESR, and electronic spectral studies, figures related to the crystal
structure of 1, tables of torsion angles and hydrogen-bonding
parameters, and X-ray crystallographic data for1 (CIF format). This
material is available free of charge via the Internet at http://
pubs.acs.org.

IC051176A
(13) Hanson, I. R.; Hughes, D. L.; Truter, M. R.J. Chem. Soc., Perkin

Trans. 21976, 972.

Figure 4. View illustrating intermolecular O-H‚‚‚O hydrogen-bonded
interactions between1cand1a that lead to the formation of a supramolecular
sandwich-type chainlike arrangement. From left to right: polyhedral (1a)
representation, wire frame, and space-filling plot. Color code: Cu, blue;
Mo, violet; O, red; C, green; H, purple.
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