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In earlier work we demonstrated that the bis-1,3-diketo
dianion (L1)2� is an excellent ligand for the complexation of
copper(II) ions and, owing to the extra oxygen donors of the
glycolate spacer, most suitable for the synthesis of racemic
dinuclear double-stranded helicates (P/M)-{M�[Cu2(L

1)2-
(MeOH)2]}OAc (M-1, M=K+, Rb+, Cs+; Scheme 1, top
left).[1]

In contrast, reaction of the bis-1,3-diketo dianion (L2)2�

(H2L
2 = 2) with iron(III) chloride in the presence of alkali-,

alkaline-earth-, or rare-earth-metal cations (Mn+) yields
triple-stranded {2}-iron helicates/mesocates {M�[Fe2-
(L2)3]}[X]n (M-3, M=K+, Sr2+, Ba2+, La3+).[2–4] For example,
the metallacryptate Ba-3 is a racemic mixture with either
(D,D)-fac- or (L,L)-fac-coordinated iron centers (Scheme 1,
top right).[2] However, the two iron centers in meso-K-3
[(D,L)-fac] have opposite configuration.[3] The mono-, di-, and
trivalent guest cations are endohedrally encapsulated in the
cavity of the bicyclic dinuclear host to give [M-3]n+ and their
charge is compensated by [FeCl4]

� or PF6
� anions (X�).

Interestingly, starting from hexacoordinate nickel(II)
instead of tetra- or pentacoordinate copper(II) as well as
the bis-1,3-diketo dianion (L3)2� in the presence of cesium
ions, we isolated the neutral {2}-metallacryptate [({Cs�
[Ni2(L

3)3]}Cs)2] (4) with (D,D)-fac and (L,L)-fac stereochem-
istry at the nickel centers. The meso building blocks 4 are self-
complementary and aggregate along the external cesium ions

to yield the one-dimensional coordination polymer meso-
[({Cs�[(D,D)-Ni2(L

3)3]}Cs)({Cs�[(L,L)-Ni2(L
3)3]}Cs)]n (4)n

(Scheme 1, bottom).[1]

Our further studies on the supramolecular coordination
chemistry of copper(II)[5] focused on the synthesis of oligo-
nuclear complexes by self-assembly[6] with the 2,6-pyridinyl-
bridged pentadentate ligand (L2)2�. To this end, we treated 2[7]

with calcium hydride and copper(II) acetate in methanol and
isolated the metallacoronate 5 (Scheme 2). We characterized
the molecular structure of 5 by X-ray crystallography[8–10] of
crystals obtained by vapor diffusion of diethyl ether into a
solution of 5 in methanol: 5·4MeOH is present in the crystal
as a dinuclear copper(II) coronate, in which a calcium ion is
encapsulated in the center, and two acetate ions act as
counterions (Figure 1, top). The two crystallographically
equivalent copper(II) ions of the idealized-C2h-symmetric
5[11] have tetragonal-pyramidal coordination geometry, each
with two pairs of oxygen donors and one molecule of
methanol.

In contrast, treatment of a solution of 2 in methanol with
copper(II) acetate and cesium carbonate (in place of calcium
hydride) does not yield a metallacoronate similar to 5 ;
instead, the larger cesium ion, which prefers a higher
coordination number, functions as a template for the for-
mation of the one-dimensional coordination polymer (6)n
(Scheme 2). Crystals obtained by vapor diffusion of diethyl

Scheme 1. The cation [K-1]+ (top left), the dication [Ba-3]2+ (top right),
and the repeating unit in the 1D meso-polymer (4)n (bottom).
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ether into a solution of 6 in ethanol were subjected to X-ray
crystal structure analysis.[10, 12–14] The analysis showed that
(6·10EtOH·2H2O)n is composed of dicationic components
[{[(Cs·EtOH)2�{[Cu2(L

2)2]2(OAc)2}]Cs}2]
2+ and acetate ions

as counterions. The acetate ions are located close to the 1D
coordination polymer in the crystal lattice together with
solvent molecules. The individual modules are composed of
two concave {Cu2(L

2)2} metallacoronands linked by two
bidentate acetate ions, which results in a tetragonal-pyramidal
coordination environment of the four copper ions. Endohe-
dral encapsulation of two cesium ions and two molecules of
ethanol into the thus formed container {[Cu2(L

2)2]2(OAc)2}
then gives the cryptate [(Cs·EtOH)2�{[Cu2(L

2)2]2(OAc)2}]
with Ci molecular symmetry. Exohedral coordination of a
further cesium ion to the cryptate generates the self-
complementary unit {[(Cs·EtOH)2�{[Cu2(L

2)2]2(OAc)2}]Cs}+.
Linkage of these building blocks alternately rotated by 908
finally affords the dicationic monomer [{[(Cs·EtOH)2�
{[Cu2(L

2)2]2(OAc)2}]Cs}2]
2+ of the one-dimensional coordina-

tion polymer (6·10EtOH·2H2O)n (Figure 1, bottom).[15]

An interesting feature of (6·10EtOH·2H2O)n is the formal
encapsulation of a cesium acetate dimer between the two
concave {Cu2(L

2)2} metallacoronands. This cesium–cesium
distance amounts to dCs-Cs = 3.75 F, which is even shorter than
the cesium–cesium distances in the 3D network of crystalline
cesium acetate itself (dCs-Cs = 3.98 and 3.91 F).[16] Most
notably, the exo/endo-cesium distances (dCs-Cs = 3.71 F) in
dicationic monomer [{[(Csendo·EtOH)2�{[Cu2(L

2)2]2-
(OAc)2}]Csexo}2]

2+ are even shorter than twice the ionic radii
of 12-coordinate cesium ions (rionic = 1.88 F).[17] To the best of
our knowledge, the interatomic distances of the cesium

cations in (6·10EtOH·2H2O)n are the shortest measured so
far.[18]

In conclusion, we have developed a convenient route for
the template-mediated self-assembly of the metallacoronate
5. Furthermore, exchange of the small alkaline-earth-metal
ion Ca2+ by the large alkali-metal ion Cs+ allowed the
synthesis of the one-dimensional coordination polymer (6)n.
The most striking characteristic of (6)n is its chain of cesium
ions with interatomic distances shorter than twice their ionic
radii.

Experimental Section
General Procedure: Ligand H2L

2 (2) (331 mg, 1.00 mmol) was added
in one batch under nitrogen to a colorless suspension of CaH2 or
Cs2CO3 (2 mmol)[19] in dry MeOH (50 mL). The mixture was stirred at
20 8C for 1 h, during which time the color changed to yellow.
Copper(II) acetate monohydrate (200 mg, 1.00 mmol) was then
added, and the dark-green suspension was stirred for further 16 h at
20 8C. The suspension was filtered, the solvent was removed, and the
remaining green crude reaction product was dried under vacuum (oil
pump).

Scheme 2. Synthesis of metallacoronate 5 and 1D coordination poly-
mer (6)n from copper(II) acetate and 2 with either CaH2 or Cs2CO3 as
base.

Figure 1. Top: Molecular structure of the metallacoronate 5·4MeOH.
Bottom: Stereoview of the dicationic repeating unit of (6·10EtOH·
2H2O)n. C white, Ca purple (dotted), Cs blue (dotted), Cu gold, O red,
N blue. tBu groups, hydrogen atoms, noncoordinating solvent mole-
cules, and the OAc� counterions are omitted for clarity.
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5 : 84 mg of CaH2; yield: 348 mg (65%) green crystals of
5·4MeOH after fractional crystallization from MeOH by vapor
diffusion of diethyl ether, suitable for X-ray structure determination;
m.p. > 202–2038C (decomp.); IR (neat): ñ= 2966, 2867, 1571, 1559,
1509, 1360, 1304, 1273, 1225, 1192, 1142, 1109, 996, 955, 895, 789 cm�1;
FAB-MS (3-nitrobenzyl alcohol matrix (m-NBA)): m/z (%): 1826 (1)
[2M�OAc]+, 1766 (1) [2M�2OAc]+, 1709 (2) [2M�3OAc]+, 1651
(2) [2M�4OAc]+, 1588 (3) [2M�4OAc�Cu]+, 1195 (10)
[M�2OAc+L+Ca]+, 993 (9), 978 (15), 883 (100) [M�OAc]+, 824
(16) [M�2OAc]+, 698 (79) [M�2OAc�2Cu]+, 641 (9) [M�2OAc�2
Cu�C4H9]

+; elemental analysis (%) calcd for C42H52CaCu2N2O12·H2O
(960.18): C 52.44, H 5.66, N 2.91; found: C 52.23, H 5.50, N 2.87.[20]

(6)n : 652 mg of Cs2CO3; yield: 234 mg (39%) green needles of
(6·10 EtOH·2 H2O)n after fractional crystallization from EtOH by
vapor diffusion of diethyl ether, suitable for X-ray structure
determination; m.p. > 197–1998C (decomp.); IR (CHBr3): ñ= 2962,
2869, 1595, 1574, 1556, 1514, 1444, 1424, 1392, 1361, 1297, 1265, 1112,
1048, 1025, 994, 955, 891, 777 cm�1; FAB-MS (m-NBA): m/z (%):
1902 (1) [M�Cu�3OAc]+, 1834 (2) [M�Cs�3OAc]+, 1703 (12)
[M�2Cs�3OAc]+, 1050 (4) [M�Cs�2Cu�2L�3OAc]+, 917 (100)
[M�2Cs�2Cu�2L�3OAc]+, 807 (7) [Na�Cu2L2]

+ (Na+ from the
matrix); elemental analysis (%) calcd for C82H101Cs3Cu4N4O22·3H2O
(2201.64): C 44.73, H 4.90, N 2.54; found: C 44.61, H 4.94, N 2.56.[20]
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