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Reaction of H2L (1) with potassium or strontium hydride, or generated from the reaction of H2L (1) with only iron(III)
chloride. The potassium metallacryptate 2a9 was formed fromlanthanum(III) chloride, followed by iron(III) chloride,

yielded the {2}-ironcryptates 2a–c. The mono-, di-, and the triple-helicate 2d by addition of potassium carbonate.
The new compounds 2b, 2c, and 2d were unequivocallytrivalent guest cations are endohedrally encapsulated. In

contrast, the dinuclear trispyridinium ironcryptand 2d was characterised by X-ray diffraction analyses.

Introduction peaks at m/z 1187 and 985, corresponding to the dication
[Sr,Fe2L3]21 of 2b, and the trication [La,Fe2L3]31 of 2c,The selective complexation of guest molecules and metal
indicating the formation of strontium- and lanthanum-con-cations is an essential prerequisite for the proper func-
taining bicyclic metallacryptates, respectively. Ruby-redtioning of enzymes and biological receptors. In order to
crystals of the strontium complex, suitable for X-ray analy-mimic the geometric and electronic requirements necessary
sis, were prepared by a slightly modified procedure. Stron-for selective complexation as observed in nature, many dif-
tium chloride was added to a solution of H2L (1; R 5 tBu)ferent model compounds with cavities of variable size and
and iron(III) chloride in THF, and the crude material waselectronic structure have been constructed[1]. Examples are
crystallised from dichloromethane by diffusion of a mixturethe well-known crown ethers, cryptands, spherands and
of diethyl ether and hexanes (1:5). The X-ray diffractiontheir inclusion complexes[1] [2], along with the corresponding
analysis of these crystals proved the formation of a stron-metallatopomers, which are easily accessible by self-
tium-containing bicyclic ironcryptate [(Sr·H2O),Fe2L3]-organisation[3] [4] [5]. Recently, the bicyclic metallacryptate
[FeCl4]2 (2b) with two ferric tetrachloride counterions (Fig-[K,Fe2L3][PF6] (2a) was synthesised and characterised by
ure 1).X-ray crystallographic analysis[6] [7] [8] (Scheme 1).

The encapsulated strontium dication does not lie per-
Results and Discussion fectly on the iron2iron axis (Fe2Sr2Fe 174.39°). Stron-

tium is deca-coordinated by six oxygen and three nitrogenHerein we describe the formation of the bicyclic
atoms of the three ligands, and one molecule of water. Inironcryptates 2b and 2c, with endohedrally encapsulated di-
addition, water forms a hydrogen bond to a molecule ofvalent alkaline earth or trivalent rare earth metal ions, and
diethyl ether solvent. The ligands are approximately octa-the cation-free trispyridinium {2}-ironcryptand 2d (Scheme
hedrally coordinated to the iron center in a helical fashion.1). Upon reaction of H2L (1) [9] in THF with strontium hy-
In the chiral complex of racemic 2b, both iron centers aredride or lanthanum(III) chloride, followed by iron(III) chlo-
identically coordinated. Therefore, 2b is either a (∆,∆)-fac-ride, and subsequent workup with dichloromethane, a dark-
or (Λ,Λ)-fac-{2}-metallacryptate. The crystals obtainedred solid was isolated. The FAB-MS spectra (FAB-MS 5
were composed of the homochiral {2}-metallacryptate 2b.Fast Atom Bombardment) of the solid materials showed
The iron2iron distance in 2b (715 pm) is identical to the
Fe2Fe distance observed in the potassium-containing

[e] Part 12: Ref.[5] ironcryptate 2a.
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Scheme 1. Reaction scheme for the formation of [M,Fe2L3]Yn [(La·THF·H2O),Fe2L3][FeCl4]3 (2c) of the same chirality

[2a: R 5 tBu, M 5 K1, Yn 5 PF6
2; 2a9: R 5 tBu, present in the asymmetric unit (Figure 2).

M 5 K1, Yn 5 FeCl4
2; 2b: R 5 tBu, M 5 (Sr21·H2O),

Yn 5 (FeCl4
2)2; 2c: R 5 Me, M 5 (La31·H2O·THF),

Figure 2. Molecular structure of the tricationYn 5 (FeCl4
2)3] and [Fe2(LHN)3]Yn [2d: Yn 5 (FeCl

[(La·H2O·THF),Fe2L3]31 of {2}-ironcryptate 2c; top: stereo view;
4
2)3]

bottom: view along the Fe2Fe axis (hydrogen atoms, counterions
and solvent molecules omitted for clarity; O atoms black, C atoms

shaded, N atoms net, La atoms segment, Fe atoms diagonal)

The two iron(III) cations (dFe2Fe 5 719 pm) in the mol-Figure 1. Molecular structure of the dication [(Sr·H2O),Fe2L3]21

ecule are each approximately octahedrally coordinated byof {2}-ironcryptate 2b (hydrogen atoms, counterions and solvent
molecules omitted for clarity; O atoms black, C atoms shaded, N six oxygen atoms of three ligands. They are located on the

atoms net, Sr atoms segment, Fe atoms diagonal)
idealised C3 axis of the D3h-symmetric molecule. The incor-
porated lanthanum(III) cation is eleven-coordinate. The six
internal oxygen atoms of the ligands form a trigonal pris-
matic coordination sphere around the lanthanum center.
The three nitrogen atoms of the ligands, a THF molecule,
and a water molecule coordinate the lanthanum center
equatorially in a near perfect plane. The lanthanum2iron
distances are similar within each molecule (d̄Fe2La 5 360
pm). The encapsulated lanthanum trication lies almost on
the Fe2Fe axis (Fe2La2Fe 176.93°). In contrast to the
aforementioned potassium-containing (∆,Λ)-fac (meso)
ironcryptate 2a, the lanthanum-containing analogue 2c
forms a racemic mixture of the homochiral (∆,∆)-fac and
(Λ,Λ)-fac stereoisomers.

Upon addition of iron(III) chloride to a solution of H2L
(1; R 5 tBu) in dry THF, followed by workup with di-
chloromethane, and crystallisation by diffusion of diethyl
ether into a dichloromethane solution of the crude solidSingle crystals suitable for an X-ray diffraction analysis

of the chiral racemic lanthanum-containing compound material, ruby crystals were obtained. The crystal structure
determination revealed the formation of bicyclic metallac-were obtained by diffusion of diethyl ether into a dichloro-

methane solution of 2c. There are two slightly different, in- ryptand [Fe2(LHN)3][FeCl4]3 (2d). In 2d the pyridine nitro-
gen atoms of the three ligands are protonated, and the re-dependent, homochiral ironcryptates (∆,∆)- or (Λ,Λ)-
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Figure 3. Molecular structure of the trication [Fe2(LHN)3]31 of {2}- which was characterised by FAB-MS, microanalysis, and IR
ironcryptand 2d; top: stereo view; bottom: view along the Fe2Fe to be 2a9.
axis (pyridinium hydrogen atoms shown; counterions and solvent
molecules omitted for clarity; H atoms void, O atoms black, C

atoms shaded, N atoms net, Fe atoms diagonal) Conclusion

In summary, a series of bicyclic ironcryptates with encap-
sulated alkaline, alkaline earth, and rare earth metal cations
was synthesised, as was a bicyclic metallacryptand with pyr-
idinium units in the ligands. According to X-ray analyses,
the strontium- and lanthanum-containing ironcryptates and
the bicyclic pyridinium ironcryptand form helical struc-
tures, in contrast to the known meso-potassium ironcrypt-
ate. Future work will concentrate on possible interesting
physical and chemical properties of rare earth metallacryp-
tates and the potential use of the ironcryptates as selective
complexation agents for certain cations.

This work was supported by a NATO grant (SRG 951516), by a
NSF/DAAD grant, the Deutsche Forschungsgemeinschaft, the Volks-
wagen-Stiftung and the Fonds der Chemischen Industrie. V. S. thanks
the Freistaat Bayern and the Studienstiftung des Deutschen Volkes
for a postgraduate fellowship.

Experimental Section
General: The compounds H2L (1) [1,19-(2,6-pyridyl)bis-1,3-but-

anedione and 1,19-(2,6-pyridyl)bis-4,49-dimethyl-1,3-pentanedione]
were prepared according to a literature procedure[9]. 2 IR: Bruker
IFS 25. 2 FAB-MS: Micromass ZabSpec. 2 Microanalysis:
Heraeus CHN-Mikroautomat; 2a2d lose crystal solvent during
drying.

General Procedure for the Synthesis of the Dinuclear Iron(III)
Complexes 2b and 2c: To a solution of H2L (1) (2 mmol) in 75 ml
of dry THF, 359 mg (4 mmol) of strontium hydride, or 491 mg (4
mmol) of lanthanum(III) chloride was added. The mixture was
stirred for 15 min at 20°C. Iron(III) chloride (216 mg, 1.33 mmol)
was then added, and the dark red solution was stirred for 16 h
at 20°C. The solvent was removed in vacuo, and the residue wassulting charge of the complex is compensated by three FeCl
suspended in 50 ml of dichloromethane. After standing for 16 h at4

2 counterions. In addition to the two molecules of 2d in
20°C, the red solution was filtered, the solvent removed, and thethe asymmetric unit, there are four dichloromethane mo-
remaining crude product dried under vacuum (oil pump).lecules (Figure 3).

[(Sr·H2O),Fe2L3][FeCl4]2·CH2Cl2·Et2O (2b): Ruby-colouredThe mean Fe2Fe distance of 2d (642 pm) is much smaller
crystals were obtained according to the general procedure usingthan those in the metallacryptates 2a, b, and c (715 and
634 mg (4 mmol) of strontium chloride instead of strontium hy-719 pm). Inclusion of a cation in 2a, b, and c causes an
dride and diffusion of a mixture of diethyl ether and hexanes intoexpansion of the ligands of the metallacryptates, and an
a dichloromethane solution. Yield 676 mg (76%), m. p. > 250°Celongation of the iron2iron distances. The average N2N
(decomp.). 2 IR (CHBr3): ν̃ 5 1721 cm21 (C5O), 1553, 1515 (C5distance for 2d (539 pm) is considerably larger than that of
C). 2 FAB MS (3-nitrobenzyl alcohol matrix); m/z: 1222

the ironcryptate 2c (481 pm). In the chiral, racemic complex (Sr,Fe2L3·2H2O), 1187 (Sr,Fe2L3). 2 C63H85Cl12Fe4N3O14Sr
2d, both iron centers are identically coordinated to six oxy- (1844,77): calcd. C 41.02, H 4.64, N 2.28; found C 40.81, H 4.71,
gen atoms. Therefore, the {2}-metallacryptand 2d is either N 2.02.
a (∆,∆)-fac or (Λ,Λ)-fac dinuclear triple helicate. A racemic

[(La·THF·H2O),Fe2L3][FeCl4]3·2CH2Cl2 (2c): Ruby-coloured
mixture of complex 2d self-selectively sorts by chirality to tablets were obtained by diffusion of diethyl ether into a dichloro-
generate an enantiomerically pure crystal. As only one crys- methane solution. Yield 898 mg (80%), m. p. > 250°C (decomp.).
tal was analysed by X-ray, there possibly exists crystals of 2 IR (CHBr3): ν̃ 5 1736 cm21 (C5O), 1603, 1586 (C5C). 2 FAB
opposite chirality, forming a conglomerate. MS (3-nitrobenzyl alcohol matrix); m/z: 1020 (La,Fe2L3 ·2H2O),

The {2}-ironcryptand 2d can be converted into the po- 985 (La,Fe2L3), 757 (La,Fe2L2 · H2O). 2 C43H45Cl12Fe5-
LaN3O14 (1687.41): calcd. C 30.61, H 2.69, N 2.49; found C 30.71,tassium {2}-ironcryptate [K,Fe2L3][FeCl4] (2a9) on ad-
H 3.12, N 2.31.dition of an excess of potassium carbonate to a solution of

complex [Fe2(LHN)3][FeCl4]3 (2d) in THF. After stirring of [Fe2(LHN)3][FeCl4]3·2CH2Cl2 (2d): To a solution of 662 mg (2
the reaction mixture for one day at room temperature and mmol) of H2L (1) in 75 ml of dry THF, 216 mg (1.33 mmol) of

iron(III) chloride was added and the dark red solution was stirredworkup with dichloromethane, a red solid was obtained,
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for 16 h at 20°C. The solvent was removed in vacuo and the residue merged. The structure was solved by direct methods and was re-

fined on F using the teXsan crystallographic software package. Thewas suspended in 50 ml of dichloromethane. After standing for 16
h at 20°C, the red solution was filtered, the solvent removed and non-hydrogen atoms were refined anisotropically. Hydrogen atoms

were included but not refined.the remaining crude product dried under vacuum (oil pump).
Ruby-coloured crystals were obtained by diffusion of diethyl ether Crystal Structure Determination of Compound 2d:
into a dichloromethane solution. Yield 1094 mg (97%), m. p. > C59H76Cl16Fe5N3O12, M 5 1875.68, monoclinic, space group P21,
250°C (decomp.). 2 IR (CHBr3): ν̃ 5 3217 cm21 (N5H), 1587 a 5 1467.8(3), b 5 4000.1(8), c 5 1511.4(3) pm, β 5 111.20(3)°,
(C5O), 1494 (C5C). 2 FAB MS (3-nitrobenzyl alcohol matrix); V 5 8.27(1) nm3, Z 5 4, ρcalcd. 5 1.498 Mg/m3, F(000) 5 3796,
m/z: 1155 [Fe2(LHN)3·Fe], 1099 (Fe2L3), 771 (Fe2L2). 2 λ 5 71.073 pm, T 5 133 K, µ(Mo-Kα) 5 1.4251 mm21, min/max
C57H72Cl12Fe5N3O12 (1695.88): calcd. C 40.37, H 4.28, N 2.48; transmission: 0.467/0.675, crystal dimensions 0.63 3 0.40 3 0.30
found C 39.93, H 4.52, N 2.70. mm, 3.54° # 2Θ # 50.34°; 93692 measured reflections of which

23822 were independent (Rint 5 0.0381) and employed in the struc-[K,Fe2L3][FeCl4] (2a9): To a solution of 102 mg (0.06 mmol)
of [Fe2(LHN)3][FeCl4]3 (2d) in 50 ml of dry THF, 24 mg (0.18 ture refinement (1878 parameters, 1027 restraints). The R values

are R1 5 0.0518 [I > 2σ(I)] and wR2 5 0.1136 (all data); min/maxmmol) of potassium carbonate was added and the dark-red solu-
tion was stirred for 16 h at 20°C. The solvent was removed in residual electron density: 2752 e nm23/727 e nm23. Three tert-

butyl groups and one tetrachloroferrate anion are disordered overvacuo, and the residue was suspended in 25 ml of dichloromethane.
After standing for 16 h at 20°C, the red solution was filtered, the two sites. Crystallographic data for 2b and 2d were collected with a

Stoe-Siemens-Huber four-circle diffractometer with Siemens CCDsolvent removed, and the remaining crude product dried under
vacuum (oil pump). Ruby-coloured microcrystals of 2a9 were ob- area detector by using φ and ω scans on a shock-cooled crystal in

an oil drop[15]. Data integration was performed with the programtained by diffusion of diisopropyl ether into a dichloromethane
solution. Yield 67 mg (72%), m. p. > 250°C (decomp.). 2 IR SAINT. A semi-empirical absorption correction was applied. The

structures were solved by direct methods (SHELXS-97)[16]. Refine-(CHBr3): ν̃ 5 1723 cm21 (C5O), 1573, 1514 (C5C). 2 FAB MS
(3-nitrobenzyl alcohol matrix); m/z: 1138 ([K,Fe2L3]), 809 ment of F2 was accomplished by the least-squares method[17]. All

non-hydrogen atoms were refined anisotropically. For the hydrogen([K,Fe2L2]). 2 C69H93Cl5Fe3KN3O15 ([K,Fe2L3][FeCl4]·3THF;
1552.96): calcd. C 53.37, H 6.04, N 2.71; found C 53.44, H 5.99, atoms, the riding model was used. The hydrogen atoms attached to

the nitrogen atoms in 2d could be located in the difference FourierN 2.62.
synthesis. NH distances were restrained to a target value of 95 pm.Crystal Structure Determination of Compound 2b:
All disordered components were refined anisotropically with theC61H81Cl8Fe4N3O14Sr, M 5 1674.91, monoclinic, space group
assistance of distance and ADP restraints[18].P21/c, a 5 1735.6(4), b 5 1925.7(4), c 5 2299.6(5) pm, β 5

98.35(3)°, V 5 7.60(1) nm3, Z 5 4, ρcalcd. 5 1.463 Mg/m3, F(000) 5
[1] See for example: D. J. Cram, J. J. Cram, Container Molecules3432, λ 5 71.073 pm, T 5 133 K, µ(Mo-Kα) 5 1.781 mm21, min/

and Their Guests, in Monographs in Supramolecular Chemistry,max transmission: 0.470/0.776, crystal dimensions 0.50 3 0.28 3
The Royal Society of Chemistry, Cambridge, 1994; F. Vögtle,0.15 mm; 3.48° # 2Θ # 50.00°; 110590 measured reflections of Supramolecular Chemistry: An Introduction, J. Wiley and Sons,

which 13252 were independent (Rint 5 0.0672) and employed in the New York, 1993; Frontiers in Supramolecular Organic Chemistry
and Photochemistry (Eds.: H.-J. Schneider, H. Dürr), VCH,structure refinement (884 parameters, 492 restraints). The R values
Weinheim, 1991; J.-M. Lehn, Supramolecular Chemistry, VCH,are R1 5 Σ|Fo 2 Fc|/|Σ Fo 5 0.0465 [I > 2σ(I)] and wR2 5 [Σw(F
Weinheim, 1995; Comprehensive Supramolecular Chemistry

o
2 2 Fc

2)2/ΣwFo
4]1/2 5 0.0831 (all data); min/max residual electron (Eds.: J. L. Atwood, J. E. D. Davies, D. D. Macnicol, F. Vögtle,

density: 2599 e nm23/602 e nm23. Two tert-butyl groups show two J.-M. Lehn), especially vol. 1 (Ed.: G. W. Gokel), Molecular
Recognition: Receptors for Cationic Guests, vol. 9 (Eds.: J.-P.different rotameric conformations. One tetrachloroferrate anion is
Sauvage, M. W. Hosseini), Templating, Self-assembly and Self-disordered over two sites[18].
organization, 1st ed., Pergamon, Oxford, 1996; S. J. Lippard,
J. M. Berg, Bioanorganische Chemie, Spektrum AkademischerCrystal Structure Determination of Compound 2c:
Verlag, Heidelberg, 1995, chap. 5; C. Seel, F. Vögtle, Angew.C45H47Cl16Fe5LaN3O14, M 5 1839.27, triclinic, space group P1̄,
Chem. 1992, 104, 5422563; Angew. Chem. Int. Ed. Engl. 1992,a 5 1535.04(7), b 5 2131.21(9), c 5 2175.03(9) pm, α 5 102.948(1), 31, 5282549; C. Moore, B. C. Pressman, Biochem. Biophys. Res.

β 5 91.732(1), γ 5 97.320(1)°, V 5 6.8654(5) nm3, Z 5 2, ρcalcd. 5 Commun. 1964, 15, 562; S. M. Gorun, G. C. Papaefthmiou, R.
B. Frankel, S. J. Lippard, J. Am. Chem. Soc. 1987, 109,1.78 g/cm3, F(000) 5 3636.00, λ 5 71.069 pm, T 5 182 K, µ(Mo-
424424255; S. J. Lippard, Angew. Chem. 1988, 100, 3532371;Kα) 5 0.2312 mm21, min/max transmission: 0.899/0.670, crystal
Angew. Chem. Int. Ed. Engl. 1988, 27, 3442361; K. Wieghardt,dimensions 0.35 3 0.18 3 0.08 mm, 3.00° # 2Θ # 46.5°; 29795 K. Pohl, I. Jibril, G. Huttner, Angew. Chem. 1984, 96, 66267;

collected reflections of which 19097 were independent (Rint 5 Angew. Chem. Int. Ed. Engl. 1984, 23, 77278; C. M. Flynn, Jr.,
Chem. Rev. 1984, 84, 31241; and literature cited.0.046) and employed in the structure refinement (11762 parameters,

[2] G. W. Gokel, Crown Ethers and Cryptands, in Monographs in0 restraints). The R values are: R1 5 R 5 Σ Fo 2 Fc / Σ Fo 5
Supramolecular Chemistry (Ed.: J. Fraser Stoddart), The Royal0.057 [I > 3σ(I)] and wR2 5 Rw 5 [Σw( Fo 2 Fc )2 / ΣwFo

2]1/2 5 Society of Chemistry, Cambridge, 1991; C. J. Pedersen, J. Am.
0.065 (all data), where Chem. Soc. 1967, 89, 701727036; B. Dietrich, J.-M. Lehn, J.-P.

Sauvage, Tetrahedron Lett. 1969, 288522888; B. Dietrich, J.-M.
Lehn, J.-P. Sauvage, Tetrahedron Lett. 1969, 288922892; J.-M.
Lehn, Pure Appl. Chem. 1978, 50, 8712892; J.-M. Lehn, Pure
Appl. Chem. 1980, 52, 244222459;

[3] R. W. Saalfrank, A. Stark, K. Peters, H.-G. v. Schnering, An-
gew. Chem. 1988, 100, 8782880; Angew. Chem. Int. Ed. Engl.max/min residual electron density: 0.76 e2/Å3/20.86 e2/Å3.
1988, 27, 8512853; R. W. Saalfrank, R. Burak, A. Breit, D.
Stalke, R. Herbst-Irmer, J. Daub, M. Porsch, E. Bill, M.Crystal data were collected using a Siemens SMART dif-
Müther, A. X. Trautwein, Angew. Chem. 1994, 106, 169721699;fractometer equipped with a CCD area detector. Data were inte-
Angew. Chem. Int. Ed. Engl. 1994, 33, 162121623; R. W. Saalf-grated using SAINT and were corrected for Lorentz- and polari- rank, R. Burak, S. Reihs, N. Löw, F. Hampel, H.-D. Stachel, J.

zation effects. An empirical absorption correction was applied Lentmeier, K. Peters, E. M. Peters, H.-G. v. Schnering, Angew.
Chem. 1995, 107, 108521087; Angew. Chem. Int. Ed. Engl.using XPREP (ellipsoidal model); equivalent reflections were
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1995, 34, 9932995; R. W. Saalfrank, N. Löw, F. Hampel, H.-D Krebs, M. Winter, T. Weymüller, E. Bill. K. Wieghardt, P.

Chaudhuri, J. Chem. Soc., Chem. Commun. 1995, 191321915;Stachel, Angew. Chem. 1996, 108, 235322354; Angew. Chem.
Int. Ed. Engl. 1996, 35, 220922210; R. W. Saalfrank, N. Löw, P. Chaudhuri, M. Winter, P. Fleischhauer, W. Haase, U. Flörke,

H.-J. Haupt, J. Chem. Soc., Chem. Commun. 1990, 172821730;S. Kareth, V. Seitz, F. Hampel, D. Stalke, M. Teichert, Angew.
Chem. 1998, 110, 1822184; Angew. Chem. Int. Ed. Engl. 1998, P. Chaudhuri, M. Winter, B. P. C. Della Vedova, P. Fleisch-

bauer, W. Haase, U. Flörke, H.-J. Haupt, Inorg. Chem. 1991, 30,37, 1722174.
477724783; P. Chaudhuri, M. Winter, F. Birkelbach, P. Fleisch-[4] D. Philp, J. F. Stoddart, Angew. Chem. 1996, 108, 1243-1286;
bauer, W. Haase, U. Flörke, H.-J. Haupt, Inorg. Chem. 1991, 30,Angew. Chem. Int. Ed. Engl. 1996, 35, 1154-1196; J.-M. Lehn,
429124293; M. Albrecht, S. Kotila, Angew. Chem. 1996, 108,Angew. Chem. 1988, 100, 912116; Angew. Chem. Int. Ed. Engl.
129921300; Angew. Chem. Int. Ed. Engl. 1996, 35, 120821210.1988, 27, 892112; J.-M. Lehn, Angew. Chem. 1990, 102,

[9] D. E. Fenton, J. R. Tate, Inorg. Chim. Acta 1984, 83, 23231.134721362; Angew. Chem. Int. Ed. Engl. 1990, 29, 130421319.
[10] SMART, Area-Detector Software Package, Siemens Industrial[5] R. W. Saalfrank, N. Löw, B. Demleitner, D. Stalke, M. Teichert,

Automation, Inc., Madison, WI, 1995.Chem. Eur. J. 1998, 4, 130521311. [11] SAINT, SAX Area-Detector Integration Program, V4.024, Sie-[6] R. W. Saalfrank, A. Dresel, V. Seitz, S. Trummer, F. Hampel, mens Industrial Automation, Inc., Madison, WI, 1995.
M. Teichert, D. Stalke, C. Stadler, J. Daub, V. Schünemann, A. [12] XPREP, v. 5.03, Part of the SHELXTL Crystal Structure Deter-
X. Trautwein, Chem. Eur. J. 1997, 3, 205822062. mination Package, Siemens Industrial Automation, Inc., Madi-

[7] For similar structures of metallacryptands c.f.: E. C. Constable, son,WI, 1995.
Tetrahedron 1992, 48, 10013210059; E. C. Constable, Angew. [13] SIR92: A. Altomare, M. C. Burla, M. Camalli, M. Cascarano,
Chem. 1991, 103, 148221483; Angew. Chem. Int. Ed. Engl. C. Giacovazzo, A. Guagliardi, G. Polidori, J. Appl. Crystallogr.
1991, 30, 145021451; E. C. Constable, T. Kulke, M. Neuburger, 1993, 26, 343.
M. Zehnder, Chem. Commun. 1997, 4892490; E. J. Enemark, [14] teXsan, Crystal Structure Analysis Package, Molecular Struc-
T. D. P. Stack, Angew. Chem. 1995, 107, 108221084; Angew. ture Corporation, 1985, 1992.
Chem. Int. Ed. Engl. 1995, 34, 9962998; R. Krämer, J.-M. [15] T. Kottke, D. Stalke, J. Appl.Crystallogr. 1993, 26, 615.
Lehn, A. DeCian, J. Fischer, Angew. Chem. 1993, 105, 7642768; [16] G. M. Sheldrick, “SHELXS-97, Program for structure solu-
Angew. Chem. Int. Ed. Engl. 1993, 32, 7032706; R. C. Scarrow, tion”, Acta Crystallogr. 1990, A46, 467.
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