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A supramolecular copper—aqua—crown ether complex, [Cu'(H,0),- molecules that are directly coordinated to the metal ion and
(dibenzo-24-crown-8)%* (1c) is stabilized with a Lindqvist-type hydrogen-bonded to the oxygens of the crown ether. In such
polyoxometalate anion, [Mo"01]*~ (1a), in an ion-pair compound cases, the crown ethers act as second-sphere lijartus.

[Cu'(H,0)4(dibenzo-24-crown-8][Mo¥'s015] = [1c][1a] = 1. In the mac_rocyclic polyether dibenzo-24-crown-8, originally syn-
crystal, 1c and 1a assemble to a chainlike structure in which each thesized by Pedersénhas been shown _tgﬁform compltr-:;xes
polyoxoanion la is sandwiched by two 1lc cations. 1c is a with alkaline and alkaline-earth metal idnand a ScG

: i . ion (as a first-row transition-metal complex ioft)Most of
structurally characterized dibenzo-24-crown-8 (a larger-cavity crown : . .
. these dibenzo-24-crown-8 complexes include both direct
ether) supramolecular complex that shows encapsulation of a small

, = , linkage and second-sphere complex formation via hydrogen-
cation at the center of its internal cavity, and compound 1 bonding interactions. Because dibenzo-24-crown-8 is a
represents a unique example of a first-row transition metal—crown relatively larger cavity crown ether, it accommodates more
ether inclusion complex that interacts with a polyoxometalate anion. than one K in its cavity using direct covalent borfdand it
hosts one B& ion® (a bigger cation) or one Scgl ion
through both direct coordination and second-sphere com-
plexation but in an “off-center” positiot&6 The encapsulation

Crown ethers have been extensively used in supramolecu-f any cation at the center of the cavity of dibenzo-24-
lar chemistry because they have potential applications in ¢rown-g has not yet been achieved probably because of its
molecular recognition, transportation, and catalyshe  |arger cavity size and flexible nature. We report here the
most striking characteristics of crown ethers is their selective jnclusion of a C&* ion (a cation, smaller than a Kdon)
complexation ability with the cationic speciésThese  py introducing a polyoxomolybdate anion [M@y]2~ that
macrocyclic polyethers (crown ethers), which have *hard” stapilizes the Cif ion at the center of the “large-cavity crown
donor atoms, do not readily form complexes with first-row ether” dibenzo-24-crown-8 via supramolecular hydrogen-
transition metals in their low oxidation states because suchponging interactions. The coexistence of polyoxoanion and
metal ions provide only “soft” coordination (acceptor) sites. crown ether has attracted special attention and opened a new
Only a small number of first-row transition metatrown field in the area of polyoxometalate (POM) chemistijhe
ether complexes had been structurally characterized, in which¢rown ethers, supported by polyoxoanions, can be used to
the direct bond formation between the transition metal and geparate specific metal ions (depending on the cavity size
the crown ether oxygens became possible (in complexes withof the crown ether) from aqueous solutions by precipitation
the smaller ring crown ethers, e.g., 15-crown-5 and 12- methodg To date, the reported crown ethd?OM com-
crown-4 ethersj.In the case of (comparatively) larger ring  pounds contain mostly alkali and alkaline-earth métails

crown ethers, the linkage between the metal center and theynd sometimes lanthanidesnd hydronium iorf§ as cations.
crown ether is usually provided by one or more water
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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, [€(H,0),-
(dibenzo-24-crown-8} (1c), that sandwiches a Lindqvist-
type POM anion, [M¥'s0)>~ (1d), forming a chainlike
arrangement in the title compound [GH,0).(dibenzo-24-
crown-8][M0"'¢01q] = [1(][1a] = 1.

Compoundl was preparetias brown rectangular-shaped
blocks from an acetonitrile solution dissolving dibenzo-24-
crown-8 (Q4H3208), [BU4N]2[M06019], and CU(NQ)2'3H20
The crystals ofl were characterized by IR, elemental
analysllsl,OV|S|bIe, and ESR §pectr_oscopy ar.]d unambiguously Figure 1. Thermal ellipsoid plot oflc (bottom) andla (top) in 1.
by a Smgle'cryStal X-ray diffraction teChmqﬂé' Hydrogen atoms of the crown ether and water molecules have been omitted

The crystal structure of consists oflc as a cation and  for clarity.
la as an anion. The crystal structure dfis shown in
Figure 1.

The structure of catiodcis separately shown in Figures
2 and 3. The C# ion sits exactly at the center (that is, the
crystallographic inversion center) of the octagon consisting
of polyether oxygen atoms. IAc, the copper center is
coordinated by two trans ethereal oxygen atoms (014) of
the crown ether and four water molecules (two O15 and two
016 atoms) to give a distorted octahedral geometry around
copper. The average equatorial-60H, distance of 1.957-

(2) A is considerably smaller than those in other related
copper-aqua complexe¥. This is probably the result of
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F.; Paz, F. A. A.; Soares-Santos, P. C. R.; Cavaleiro, A. M. V,;
Nogueira, H. I. S.; Klinowski, J.; Trinidede, J. Mol. Struct.2004
689 61.
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(9) Dibenzo-24-crown-8 (0.2 g, 0.044 mmol) was dissolved in 35 mL of
acetonitrile. After it was dissolved completely, [BU2[M0sO14] (0.2
g, 0.14 mmol) was added to the above reaction mixture under stirring
conditions, followed by the addition of copper nitrate (1.0 g, 4.13
mmol), resulting in a green color solution. This reaction mixture was
further stirred for 14 h under open conditions at room temperature. It
was then filtered, and the filtrate was kept in an open flask for 4 days.
The brown crystals that precipitated during this time were filtered,
washed with 100 mL of water, and dried at room temperature. Yield:

Figure 3. Space-filling plot of the crown ether dibenzo-24-crown-8 that
encapsulates the €uion at the center of the cavity. Copper-coordinated
water molecules and relevant hydrogen bonds are not shown. Color code:

0.03 g (54% based on crown ether). Cu, blue; O, red; C, green.
(10) Anal. Calcd for GsH4oCuMosOs;1 (1463.74): C, 19.69; H, 2.75.
Found: C, 19.46; H, 2.81. exclusive hydrogen-bonding interactions (vide infra). The

11) Crystal data of: Cp4Hs0CuM0sO31, M = 1463.74 g mot?, triclinic, o . .
() Spgce grouPl, a :249_3‘302%3(6?5/;,%1: 10.8783(7) Ac = 12.2488(7) coordination of crown etheroxygen atoms at the apical sites

A a= 1(01.)6§60(10), f = 107.7010(10), y = 111-9120(}0),(U =) of the copper ion (average axial E® = 2.383(2) A) is the
1026.55(11) & Z=1,Dc = 2.368 g cn13, u = 2.386 mnT?, F(000 . : Ay : }
— 713, crystal size= 0.30 x 0.18 x 0.12 mnf. 11930 reflections geometrical constraint for a large gawty crown ether dlben_zo
were measured with 4762 unique reflectioRs(= 0.0388), of which 24-crown-8. Upon complex formation, the 24-membered ring
4316 ( > 20(l)) were used for the structure solution. Final R1 (WR2) i i 24- _ i

= 0.0241 (0.0613), 299 parameters. The final Fourier difference of the free ligand dibenzo-24-crown-8, which takes a planar
synthesis showed minimum and maximum peaks—@.496 and
+0.567 e A3, (12) Shivaiah, V.; Nagaraju, M.; Das, S. Kiorg. Chem2003 42, 6604.
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the caption of Figure 2). In the polyanidr, each Mo atom

is surrounded by a distorted octahedron consisting of one
central Q, one terminal @ and four bridging @ atoms
(Figure 1). This anion has approximate, symmetry.
CompoundLl 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
1cis unique in the sense that, besides the inclusion of?a Cu
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 compourid the copper-coordinated
water molecules appear as well-resolved peaks at 3308 and
3076 cmt, 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 thgeanisotropy with axial symmetry
(g1 > gn)- The electronic reflectance spectrum consists of a
broad band with a maximum at 800 nm, which can be
assigned to €d transition for a Cer (d°) system (see the
- 4 View ilustrating intermolecular GH--0 hvd bonded Supporting Information for IR, ESR, and electronic spectral
ir:tg]eL:;?:tio.ns bstvv\\l/(ele;iarﬁ(ﬂgtlr?aﬂénazfgltjh?erformation o)flarggr?rnamcc))rlle(?ular figures and related dISCUS§IOnS) ’ . .
sandwich-type chainlike arrangement. From left to right: polyhedra)l ( In summary, complexc is a novel example in which a
representation, wire frame, and space-filling plot. Color code: Cu, blue; |arge-cavity crown ether dibenzo-24-crown-8 includes a
Mo, violet; O, red; C, green; H, purple. considerably smaller cation €uion at the center of its
conformationt3 changes to a chairlike structure. This is internal cavity. We have described a unique sysfethat
consistent with the differences in torsion angles in the rings comprises a first-row transition-metal-encapsulated crown
of free dibenzo-24-crown-8 and in compldx (see the ether supramolecular complex interacting with a POM anion.
Supporting Information). Six hydrogen atoms of four copper- Compound 1 represents a rare example of a first-row
coordinated water molecules get hydrogen-bonded to thetransition metattetra-aqua supramolecular complex in in-
crown ether via ethereal oxygen atoms, makleg unique organic crown ether chemistry and a new sandwich-type
supramolecular entity. The other two hydrogen atoms of the organic-inorganic hybrid material in POM chemistry.
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