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COMMUNICATION 

First structural authentication of 
third-sphere coordination: 
[psulfbnatoca1ix[4]arene r+- as a 
third-sphere ligand for Eu 
JERRY L. ATWOOD*, G. WILLIAM ORR and KERRY D. ROBINSON 

Department of Chemistry, University of Alabama, Tuscaloosa, AL35487 

(Received September 16, 1993) 

The central feature of the complicated structure of Na[Eu,(p- 
sulfonatocalix[4]arene)~(OH~)18(ONCsHs)3]~14 H20 is the coordi- 
nation sphere of one of the three independent europium atoms. Its 
first coordination sphere consists of seven water molecules, the oxygen 
atom of a pyridine N-oxide molecule, and a sulfonate oxygen atom 
from one of the two independent calix[4]arenes. The second-sphere 
coordination consists of the second calix[4]arene which is bound to 
the coordinated pyridine N-oxide via hydrophobic interactions, and 
a second pyridine N-oxide which is hydrogen bonded to a coordinated 
water molecule. The third-sphere coordination consists of the 
binding of the second-sphere coordinated pyridine N-oxide to the 
cavity of the first-sphere Coordinated calix[4]arene. Na[Eu,(p 
sulfonatocalix[4]arene),(OH~),8(0NCsHs)3]~14 H20 crystallizes in 
the monoclinic space group P2,/c with a =20.973(2), b = 18.678(2), 
c=29.502(4)& ~=109.19(1)", and DC=1.74gcm-, for Z=4. 
Refinement based on 10,043 observed reflections led to a final R value 
of 0.091. 

INTRODUCTION 

The concept of first- and second-sphere ligands for 
metal ions dates from the time of Werner. More 
recently, second-sphere coordination has been defined 
by Stoddart as the 'non-covalent bonding of chemical 
entities to the first coordination sphere of a transition 
metal complex." Crown  ether^^,^ cycl~dextrins, ' ,~-~~ 
and ~alix[4]arenes'~-' have been used as second- 
sphere ligands.lg Indeed, second-sphere coordination 
holds promise as an organizational principle upon 
which larger supramolecular assemblies may be 
constructed. However, it is clear that the use of 
weak interactions for the construction of very large 
supramolecular aggregates with transition metals 

*To whom correspondence should be addressed. 

at the core will require third- and higher-sphere 
coordination. We report there the use of [p- 
s~lfonatocalix[4]arene]~ - as a third-sphere ligand to 
a Eu3+ ion in Na~Eu3(p-sulfonatocalix[4]arene), 
(OH2),8(0NC,H,)3]*14 H20,20 a complex which also 
exhibits first- and second-sphere coordination of 
p-sulfonatocalix[4]arene to the europium center. 

The molecule possesses three different Eu3 + ions, 
but it is the environment of Eu2, shown in Fig 1, which 
is the most interesting.2' The primary coordination 
sphere is made up of seven water molecules, the oxygen 
atom of a pyridine N-oxide molecule, and a sulfonate 
oxygen atom from one of the two independent 
calix[4]arenes. The second-sphere coordination 
consists of the second calixC4larene which is bound 
to the coordinated pyridine N-oxide via hydrophobic 
interactions,22 and a second pyridine N-oxide which 
is hydrogen bonded to a coordinated water molecule, 
W11. The third-sphere coordination consists of the 
binding of the second-sphere coordinated pyridine 
N-oxide to the cavity of the first-sphere coordinated 
calixC4larene. The trail of coordination is Eu3+ to 
water (electrostatic interaction), water to pyridine 
N-oxide (hydrogen bonding), and pyridine N-oxide 
to calixC4larene (van der Waals forces). Thus one 
calix[4)arene functions as both a first-sphere and 
a third-sphere ligand for Eu2, while the second 
calixC4larene serves as a second-sphere ligand. 

The complicated structure exhibits a bilayer packing 
arrangement of the ~a l ix[4]arenes .~~-~~ As can be seen 
from Fig 2, Eul bridges three calixarenes together, 
two via sulfonate oxygen atoms and the third through 
a phenolic oxygen atom. The remainder of its 
coordination sphere is composed of four water 
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Figure 1 The coordination environment of Eu2 is emphasized. The third-sphere ligand, the calixC4larene on the right, is bonded to the 
pyridine N-oxide via van der Waals forces; the pyridine N-oxide (second-sphere ligand) is hydrogen bonded to water molecule W11, and 
W11 (primary sphere ligand) is bonded to the Eu3 + ion. 

Figure 2 Eul bridges three calix[4]arenes together and this unit is a part of the bilayer packing of the calixarenes. Only the oxygen atom 
of a bonded pyridine N-oxide is shown for clarity. 

molecules directed toward the hydrophilic layer and 
one pyridine N-oxide which is intercalated into the 
hydrophobic bilayer, Fig 3. The centroids of the two 
nearest calix[4]arenes are 3.36 and 3.45 A from the 
plane of the pyridine N-oxide. 

The third crystallographically independent Eu3 +, 
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