J. Am. Chem. So@001,123,2699-2700

A Self-Assembled Metallomacrocyclic lonophore with
High Affinity and Selectivity for Li * and Na*

Holger Piotrowski, Kurt Polborn, Gerhard Hilt, and
Kay Severin*

Department Chemie

Ludwig-Maximilians Uniersita
Butenandtstrasse 5-13, 81377 Minen, Germany
Receied Naember 18, 2000

Since the pioneering work of Pedersen, Lehn, and Cram, most

of the research about synthetic ionophores has focused on covalent

receptors such as crown ethers, cryptands, and calixatdha®

recently, self-assembled metallomacrocycles have emerged as a

promising new class of ionophores offering a variety of advan-
tages, compared to their classical counterpafise synthesis of
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these compounds often proceeds in excellent yields using simpleFigure 1. Molecular structure ofl in the crystal. The hydrogen atoms

starting materials. The resulting receptors are generally rather
rigid, thereby presenting a high degree of preorganization, an
important prerequisite for ionophores with high affinity and
selectivity. Furthermore, the special structural and spectroscopic
characteristics of the metal complexes employed in the self-
assembly process may give rise to new functional properties. In
the following we describe the synthesis and the structure of a
redox-responsive organometallic analogue of 12-crown-3 which
displays a very high affinity for i and Na and a nearly perfect
selectivity for Na over K.

The macrocyclic receptoil was obtained by reaction of
[(cymene)Rud]], with 3-hydroxy-2-pyridone in the presence of
base (C£LO; or K,COs) (Scheme 1). The self-assembly process
is completely diastereoselecthand proceeds in almost quantita-
tive yields.

The trinuclear structure df was confirmed by mass spectros-
copy and single-crystal X-ray analysis (Figure 1). The dianion
of 3-hydroxy-2-pyridone acts as a bridging, tridentate ligand, and

the ruthenium centers display the expected tetrahedral coordination

geometry. Comparable trinuclear structures were found for some

cationic, water soluble complexes with nucleobases as the bridging

ligands? It is interesting to note that we were also able to obtain
a triangular macrocycle with (cymene)Ru corners using 3-oxy-
2-methyl-4-pyridonate bridges although the coordination vector

(1) Reviews: (a) lzatt, R. M.; Pawlak, K.; Bradshaw, J. S.; Bruening, R
L. Chem. Re. 1995 95, 2529-2586. (b) Comprehensie Supramolecular
Chemistry Atwood, J. L., Davies, J. E., Macnicol, D. D.,"gte, F., Eds.;
Pergamon: 1996; Vol. 1.

(2) Selected references: (a) Pecoraro, V. L.; Stemmler, A. J.; Gibney, B

R.; Bodwin, J. J.; Wang, H.; Kampf, J. W.; Barwinski, Rrog. Inorg. Chem.
Karlin, K., Ed.; Pergamon Press: New York, 1997; Vol. 45, p 83. (b) Caneschi,
A.; Cornia, A.; Fabretti, A. C.; Foner, S.; Gatteschi, D.; Grandi, R.; Schenetti,
L. Chem. Eur. J1996 2, 1379-1387. (c) Saalfrank R. W.; Bernt, I Uller,
E.; Hampel, F.Angew. Chem., Int. Ed. Engl997 37, 2482-2485. (d)
Saalfrank, R. W.; Lw, N.; Hampel, F.; Stachel H.-DAngew. Chem., Int.
Ed. Engl.1996 35, 2209-2210. (e) Cutland, A. D.; Malkani, R. G.; Kampf,
J. W.; Pecoraro, V. LAngew. Chem., Int. EQRR00Q 39, 2689-2692. (f)
Saalfrank, R. W.; Lw, N.; Kareth, S.; Seitz, V.; Hample, F.; Stalke, D.;
Teichert, M.Angew. Chem., Int. EA.998 37, 172-175. (g) Mandal, S. K;
Young, G. V.; Que, L., Jrinorg. Chem200Q 39, 1831-1833. (h) Lah, M.
S.; Pecoraro, V. LJ. Am. Chem. S0d989 111, 7258-7259. (i) Lah, M. S.;
Kirk, M. L.; Hatfield, W.; Pecoraro, V. LJ. Chem. Soc., Chem. Commun.
1989 1606-1608. (j) Rauter, H.; Hillgreis, E. C.; Erxleben, A.; Lippert, B.
J. Am. Chem. S04994 116, 616-624. (k) Blake, A. J.; Gould, R. O.; Milne,
P. E. Y.; Winpenny, R. E. PJ. Chem. Soc., Chem. Commua®891, 1435~
1455.

(3) Complex1 was obtained as a racemic mixture B&,RruRru and

wS?u;SRLw

(4) () Smith, D. P.; Baralt, E.; Morales, B.; Olmstead, M. M.; Maestre,
M. F.; Fish, R. AJ. Am. Chem. S04992 114, 1064710649. (b) Chen, H.;
Olmstead, M. M.; Smith, D. P.; Maestre, M. F.; Fish, R. Angew. Chem.,
Int. Ed. Engl.1995 34, 1514-1517. (c) Korn, S.; Sheldrick, W. Snorg.
Chim. Actal997, 254, 85-91. (d) Korn, S.; Sheldrick, W. S. Chem. Soc.,
Dalton Trans.1997, 2191-2199.

10.1021/ja005804t CCC: $20.00

are omitted for clarity.
Scheme 1
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of this ligand is quite differeritHowever, contrary to the concave
structure ofl the heterocyclic ligands were found to be almost
perpend|cular to the plane defined by the three metal atoms,
Resultmg in a larger metaimetal distance of 7.24 A (fat: 5.36

).

To investigate the ability of the metallomacrocyclic crown ether

1 to complex alkali metal salts we have performed a variety of

experiments. After stirrind with an excess of LiCl or NaCl in
methanol, evaporation of the solvent, and extraction with chlo-
roform, the adduct and3 were obtained in quantitative yields.
For KCI, on the other hand, no complexation could be detected.
The formation of2 and 3 was evidenced by NMR and mass
spectroscopy as well as X-ray crystallographic analyses.!fhe
NMR spectra (CDG) of 2 and 3 differ significantly from that

of 1. the protons of the pyridonate ligand as well as the aromatic
cymene CH protons are shifted toward lower fields. Pronounced
differences are found, especially for the cymene CH protons with
Ao of up to 0.7 ppm, indicating that complexation occurs close
to the arene ligands (see Supporting Information). The exchange
of the alkali guest is slow on the NMR time scale. This was
confirmed by recording théH NMR spectrum (CDG) of an
equimolar mixture oflL and?2 (or 3) which shows two separate
sets of signals. First evidence for the high stability of the alkali
complexes was the fact thatand3 can be dissolved in unpolar
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preorganized ionophores such as the spherands described by
Cram® When a solution oflL (CDCl;, 10 mM) was stirred with

an aqueous solution of MCI (2.0 M, M Li, Na, K) for 24 h,

the quantitative ¥ 98%) formation of2 and3 was observed by

y H NMR. With KCI not even small amounts of an adduct could

. 1 A5 be detected. The LiNa" selectivity was determined in a

\...IO\ ﬁb_ competition experiment using equimolar amounts of LiCl and
%,’ b"% NaCl (together 2 M). Integration of suitablel NMR signal$ of

' the respective adducts revealed that in CD@e affinity of 1
for LiCl is approximately twice as high as for NaCl.

. ) ) The molecular structure & provides an explanation for the
F_lgu_re 2. Molecule_lr structure oB in the crystal. (a) View from the _ erfect discrimination between Nand K. The three cymene
side; the cymene side chains as well as the hydrogen atoms are omittedjs s form the walls of a rigid cavity in the middle of which
for clarity. (b) View along the pseudos axis without the chloride ion a4 s tightly bound. The larger cation™ on the other hand, is
(CPK model). The sodium ion perfectly fits the cavity generated by the blocked by the arene ligands (Figure 2b). These findings are of
arene ligands. d by . gand g ’ }aing

special interest since there is a demand for synthetic ionophores
organic solvents such as benzene and that they can be chromata¥ith high Na'/K™ selectivity due to possible applications such
graphed on silica gel without decomplexation. as sensing Nain the intracellular fluid (Na—K™* ratio of
The X-ray structural analyses ®fand3 confirmed the expected ~1:12)20 . )
coordination of the cation to the three adjacent O-atoms of the An additional feature of the metallacrown etfiers that the
bridging pyridonate ligands (Figure 2). Overall, the structures of binding of M* can be detected electrochemicafiyfCompared to
2 and3 are very similar: the alkali metal halide is bound as an 1the peak potential a and3 in CHxCl; is shifted by 450t 50
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ion pair with a tetrahedral coordination geometry fot KLi—O mV toward anodic potentidf. This characteristic ofl may be
=1.95 A, Li—Cl = 2.42 A: Na=O = 2.23 A, Na-Cl = 2.53 important for potential applications as an ion-selective sensor.
R). The short Na-Cl bond is most likely the result of the unusual ~ To summarize, we have described a redox-responsive metal-
geometry with N& having the low coordination number four and  lomacrocyclic ionophore which is easily obtained by self-assembly
Cl- being a terminal ||gand A structural Comparison BE3 using CommerC|aIIy available starting materials. The blndlng

reveals that the geometry of the macrocycle (e.g., the distancesconstant of the LiCl and the NaCl complex is comparable to that
of the coordinating O-atoms, 3:6 0.1 A) does not change upon  of high-affinity ionophores such as cryptands, and a nearly perfect
complexation of MCI in agreement with a very high degree of selectivity for Na over K is observed. Preliminary results
preorganization. indicate that structurally related metallacrown ethers having
To quantify the stability of the complexesand 3 we have  different arene ligands (e.g.sKles, CsHsEts) instead of cymene
performed competition experiments with various crown ethers and can be assembled using the strategy described here. Since the
cryptands. First,1 was added to a solution of NaCl and selectivity of the ionophore is determined by these ligands, redox-
18-crown-6 in methanol (molar ratio: 1:1:10). After evaporation responsive receptors with designed specificities and solublities
of the solvent the mixture was examined #y NMR (CDCL). can be envisioned. Research along these lines is currently being
Despite the large excess of crown ether the quantitative formation Pursued in our laboratory.
of 3 was observed, indicating that the stability®fs at least 3
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to that of1 was still increasing. cyclic voltammogram.



