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Abstract: Five silver(�) double salts con-
taining embedded acetylenediide,
[Ag([12]crown-4)2][Ag10(C2)(CF3CO2)9-
([12]crown-4)2(H2O)3] ¥H2O (2), [Ag2C2 ¥
5AgCF3CO2 ¥ (benzo[15]crown-5) ¥
2H2O] ¥ 0.5H2O (3), [Ag4([18]crown-6)4-
(H2O)3][Ag18(C2)3(CF3CO2)16(H2O)2.5] ¥
2.5H2O (4), [Ag2C2 ¥ 6AgC2F5CO2 ¥
2([15]crown-5)]2 (5), and [(Ag2C2)2 ¥
(AgC2F5CO2)9 ¥ ([18]crown-6)2 ¥ (H2O)3.5] ¥
H2O (6), have been isolated by varying
the types of crown ethers and anions
employed. Single-crystal X-ray analysis
has shown that complex 2 is composed

of winding anionic chains with sand-
wiched [Ag([12]crown-4)2]� ions accom-
modated in the concave cavities be-
tween them. In 3, silver(�) double cages
each sandwiched by a couple of ben-
zo[15]crown-5 ligands are linked by
{Ag2(CF3CO2)2} bridges to form a one-
dimensional structure. For 4, an anionic
silver column is generated through fu-

sion of two kinds of silver polyhedra
(triangulated dodecahedron and bicap-
ped trigonal antiprism), and the charge
balance is provided by aqua-ligated
[Ag([18]crown-6)]� ions. Complex 5 is
a centrosymmetric hexadecanuclear su-
permolecule composed of two [(�5-
[15]crown-5)2(C2@Ag7)(�-C2F5CO2)5]
moieties connected through a {Ag2(C2F5-
CO2)2} bridge. Compound 6 is a discrete
supermolecule containing an asymmet-
ric (C2)2@Ag13 cluster core capped by
two [18]crown-6 ligands in �3-�5 and �4-
�6 ligation modes.

Keywords: acetylide ¥ carboxylato
complexes ¥ cluster compounds ¥
crown compounds ¥ silver

Introduction

Silver acetylide, Ag2C2, was first prepared as an insoluble
white powder by Berthelot in 1866,[1] but its composition was
not cleared up until Stadler×s analytical identification in
1938.[2] The structure of Ag2C2 is still unknown due to its
highly explosive nature and insolubility in common solvents.
Most of the early investigations (late 1800s and early 1900s)
dealt with the utilization of silver acetylide compounds as
detonators. Over a half century ago, it was found that a series
of double salts with the stoichiometric formula nAg2C2 ¥
mAgX could be prepared by passing acetylene into an
aqueous solution of a soluble silver salt AgX, for example,
AgNO3, until saturation is reached, or by dissolving silver
acetylide in a concentrated aqueous solution of AgX.[3]

The first structural report of a double salt of silver acetylide,
Ag2C2 ¥ 6AgNO3,[4] in 1954 revealed a rhombohedral silver
cage with an encapsulated acetylide dianion (C2

2�, IUPAC
name acetylenediide) . However, the dumbbell-like C2

2�

moiety was wrongly orientated in the unit cell ; refinement

of the structure in 1990 showed that the dianion is disordered
about a crystallographic threefold axis.[5]

Since 1998, a wide range of double/multiple salts of silver
containing silver acetylide as a component have been
synthesized and characterized in our laboratory.[6] In addition,
a series of ternary alkali metal silver acetylides MAgC2 (M�
Li, Na, K, Rb, Cs) has been reported.[7] Recently, we
developed a strategy using crown ethers to function as
blocking groups or terminal stoppers to install protective
cordons around the polyhedral C2@Agn (n� 6) moiety so that
the isolation of low-dimensional supramolecular entities can
be achieved.[8] Judging from the host ± guest complementarity
of AgI with crown ethers,[9] their mutual interaction should be
rather weak owing to poor affinity between the soft cation and
hard oxygen donor. In fact, only a few silver(�)/crown ether
complexes have been reported.[10] Accordingly, crown ethers
are not expected to affect the initial assembly of C2@Agn, but
to act as weak capping ligands to provide ancillary ligation to
the polyhedral silver cage.
Recently, by introducing [15]crown-5 into silver acetylide-

containing systems to prevent catenation and interlinkage of
the silver polyhedra, we obtained a discrete silver(�) aggregate
[Ag2C2 ¥ 6AgCF3CO2 ¥ 2([15]crown-5) ¥H2O]2 ¥H2O (1).[8] A
natural follow-up is to study the influence of size of various
crown ethers on the assembly process of the silver(�)
aggregates each containing an embedded acetylenediide.
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Furthermore, the effect of different co-existing anions is also a
factor to be investigated. Herein we report the structural
diversity of five new silver(�) aggregates: [Ag([12]-
crown-4)2][Ag10(C2)(CF3CO2)9([12]crown-4)2(H2O)3] ¥H2O (2),
[Ag2C2 ¥ 5AgCF3CO2 ¥ (benzo[15]crown-5) ¥ 2H2O] ¥ 0.5H2O
(3), [Ag4([18]crown-6)4(H2O)3][Ag18(C2)3(CF3CO2)16(H2O)2.5] ¥
2.5H2O (4), [Ag2C2 ¥ 6AgC2F5CO2 ¥ 2([15]crown-5)]2 (5), and
[(Ag2C2)2 ¥ (AgC2F5CO2)9 ¥ ([18]crown-6)2 ¥ (H2O)3.5] ¥H2O (6),
which are generated by varying the types of crown ethers and
perfluorocarboxylato anions used in the synthesis.

Results and Discussion

As described in our recent communication,[8] Ag2C2 readily
dissolves in a concentrated aqueous solution of silver trifluoro-
acetate to form polyhedral species of the type [C2@Agn](n�2)�

(n� 6). Introduction of a crown ether then affects the
assembly process of these species during crystallization. The
preparative procedure is shown in Scheme 1. From the same

Scheme 1.

silver(�) starting materials, various crystalline double salts
have been isolated under the structure-directing influence of
different crown ethers: [12]crown-4, [15]crown-5, benzo[15]-
crown-5, and [18]crown-6. It is noteworthy that new aspects of
structural diversity are observed in not only the crystal
structures, but also the specific geometries of the silver cages.
Since the discovery of the first crown ethers by Pedersen,[11]

their cation-binding behavior has been extensively stud-
ied.[12, 13] The cation-binding properties of crown ethers
generally depend on three factors: 1) size compatibility
between ring cavity and guest cation, 2) nature of ligating
interactions, and 3) three-dimensional ligand topologies. Sil-
ver(�) is too large to fit into the cavities of [12]crown-4 and
[15]crown-5, and thus sandwiched structures are expected to

form. Although the size of silver(�) is about right for the cavity
of [18]crown-6, mutual interaction is weak so that binding
between them may be flexible.
The molecular structure of [Ag2C2 ¥ 6AgCF3CO2 ¥

2([15]crown-5) ¥H2O]2 ¥H2O (1), as depicted previously,[8] is
a centrosymmetric hexadecanuclear supermolecule composed
of two [(�5-[15]crown-5)2(C2@Ag7)(�-CF3CO2)5(H2O)] moi-
eties that are connected through a central {Ag2(CF3CO2)2}
bridge, of which a simplified illustration is shown in Scheme 2.
With the ancillary ligation of [15]crown-5, complex 1 easily
forms a crystalline solid in good yield.

Scheme 2.

When a smaller crown ether ([12]crown-4) is employed in
place of [15]crown-5, not only are the sandwiched units
retained, but additional host ± guest interaction also occurs in
the crystal structure of compound 2, which is composed of a
[Ag([12]crown-4)2]� ion and a [C2@Ag8([12]crown-4)2-
(CF3CO2)7]� moiety. The structure of [Ag([12]crown-4)2]� ,
which occupies a site of symmetrym, is shown in Figure 1; one
[12]crown-4 ligand is disordered over two equally populated

Figure 1. The sandwich structure of cation [Ag([12]crown-4)2]� , which
occupies a site of symmetry m, in [Ag([12]crown-4)2][Ag10(C2)(CF3-

CO2)9([12]crown-4)2(H2O)3] ¥H2O (2). One [12]crown-4 ligand is disor-
dered over two equally populated sets of atomic positions (shown in the
right figure), and only one set is presented.

sets of atomic positions. The coordination geometry at Ag8 is
a distorted square antiprism formed by eight oxygen atoms of
two [12]crown-4 ligands, whose square faces are twisted by
about 31.5� from the eclipsed conformation; this is very
similar to that (�30�) found in [Ag([12]crown-4)2][AsF6].[10a]

The Ag�O(crown) distances in the range 2.426 ± 2.649 ä
bracket the average value of 2.57 ä in [Ag([12]crown-
4)2][AsF6].
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The fundamental building unit of 2 is shown in Figure 2.
The silver cage enclosing an acetylenediide is in the shape of a
triangulated dodecahedron, which possesses a mirror plane
that cuts through the Ag1, Ag2, Ag3, Ag4, C1, and C2 atoms.
Atom sets Ag1-Ag2-Ag3-Ag4 and Ag5-Ag6-Ag6a-Ag5a are

Figure 2. The triangulated dodecahedral silver cage with two capping
[12]crown-4 ligands in 2. The left [12]crown-4 ligand also exhibits disorder
in a pattern similar to that in the last figure. The silver atoms are drawn as
thermal ellipsoids at the 35% probability level. Selected bond lengths [ä]:
C1�C2 1.18(1), C1�Ag1 2.38(1), C1�Ag4 2.25(1), C1�Ag5 2.673(4),
C1�Ag6 2.201(7), C2�Ag1 2.57(1), C2�Ag2 2.18(1), C2�Ag3 2.21(1),
C2�Ag5 2.407(1). Symmetry code: a) x, 1.5 � y, z.

thus each exactly coplanar, and the planes are perpendicular
to each other (dihedral angle 90.0�). One acetylenediide
moiety is encapsulated in the cage. The C�C bond length
(1.18(1) ä) indicates that the C2

2� species retains its triple
bond character.[7, 14, 15] This is consistent with the case of
previously reported silver acetylide-containing compounds.[16]

The present C2
2� ion is bound to all eight silver(�) atoms at

Ag�C� 2.18(1) ± 2.673(4) ä. The Ag ¥ ¥ ¥Ag distances lie in the
range 2.854(1) ± 3.320(1) ä, which are suggestive of signifi-
cant argentophilic interactions.[17] The Ag2 and Ag4 atoms
are each capped by one [12]crown-4 crown ether. There are
seven trifluoroacetato ligands that bridge some of the
Ag ¥ ¥ ¥Ag edges of the polyhedron to form an ionic
moiety [C2@Ag8([12]crown-4)2-
(CF3CO2)7]� . These moieties
are connected through the
[Ag2(CF3CO2)2] (involving
atom type Ag7) linkages to
generate a winding, snake-like
anionic chain. The [Ag([12]-
crown-4)2]� ions occupy the
concave cavities in the inter-
chain region (Figure 3).
When benzo[15]crown-5 in-

stead of [15]crown-5 was used
in the reaction, neutral com-
pound 3 crystallized as the
product. The steric influence
of the benzene ring along with
the anticipated silver(�) ± aro-
matic interaction[18] affect the
assembly process, leading to the
formation of a one-dimensional
polymeric structure containing
a double-cage fundamental

Figure 3. Crystal structure of 2. Disordered crown ethers are each shown
as a superposition of two sets of atomic positions. F atoms have been
omitted for clarity.

unit. As shown in Figure 4 (left), this double cage can be
viewed as two monocapped trigonal prisms sharing an
Ag1�Ag1a edge. The geometry of the monocapped trigonal
prism is shown in Figure 4 (right). Silver atom set Ag2-Ag3-
Ag4-Ag1a-Ag5-Ag6 comprises a distorted trigonal prism with
Ag1 capping the rectangular face Ag1a-Ag2-Ag4-Ag5. One
C2

2� species is encapsulated in this silver cage. Ag4 is
coordinated by all five oxygen atoms of the benzo[15]-
crown-5 ligand with bond lengths in the range 2.391 ± 2.788 ä.
Besides this, the double cage is further stabilized by the
silver ± aromatic interaction in the �2 mode, with Ag3�C013�
2.930 ä and Ag3�C014� 3.084 ä. Although the Ag�C dis-
tances fall in the margin of significant Ag ±C interaction,[19]

statistical analysis has demonstrated that these longer con-
tacts can be considered as weak interactions.[20] Each sand-
wiched double cage is linked to neighboring ones by
{Ag2(CF3CO2)2} bridges to form a one-dimensional structure,
as illustrated in Figure 5.
When [18]crown-6 was employed in the reaction, complex 4

was isolated; this compound contains four independent
[Ag([18]crown-6)]� ions and one [Ag18(C2)3(CF3CO2)16-

Figure 4. Left: Sandwiched double cage in [Ag2C2 ¥ 5AgCF3CO2 ¥ (benzo[15]crown-5) ¥ 2H2O] ¥ 0.5H2O (3). The
silver atoms are drawn as thermal ellipsoids at the 30% probability level, and the other atoms are represented by
spheres. Right: Half of the double cage showing bonding interactions between the acetylenediide species and its
surrounding silver(�) atoms. Ag ¥ ¥ ¥Ag distances (longer than 3.4 ä) are represented by broken open lines. Selected
bond lengths [ä]: C1�C2 1.221(9), C1�Ag1 2.233(6), C1�Ag2 2.296(6), C1�Ag4 2.157(6), C1�Ag5 2.380(6),
C1�Ag1a 2.693(6), C2�Ag1a 3.530(6), C2�Ag2 2.578(7), C2�Ag3 2.172(7), C2�Ag5 2.481(7), C2�Ag6 2.205(7).
Symmetry code: a) 1� x, �y, 1� z.
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Figure 5. Chain structure in 3, generated from sandwiched double cages
connected by {Ag2(CF3CO2)2} bridges. The silver atoms are drawn as
thermal ellipsoids at the 35% probability level. Fluorine and hydrogen
atoms have been omitted for clarity.

(H2O)2.5]4� moiety in the asymmetric unit. Unlike 1 ± 3, the
anionic silver(�) aggregate has no [18]crown-6 component. The
cationic part is composed of silver atoms each coordinated by
a �4-[18]crown-6 ligand (taking Ag�O distances below 2.8 ä
as effective binding) and an additional aqua ligand in three of
the four cases (Figure 6). The weak AgI�[18]crown-6 inter-
action is indicated by the longer Ag�O distances in the range
2.449 ± 3.116 ä. The [Ag([18]crown-6)]� ions pack in stacks to
induce the formation of an anionic column along the a
direction (Figure 7).
A similar situation has been found in the mixed-valence

silver(�,��) complex [AgII(tmc)(BF4)][AgI6(C2)(CF3CO2)5-
(H2O)] ¥H2O (tmc� 1,4,8,11-tetramethyl-1,4,8,11-tetraazacy-
clotetradecane),[21] in which [AgII(tmc)(BF4)]�� constitutes a

Figure 6. Structure of a [Ag([18]crown-6)(H2O)]� ion in [Ag4([18]crown-
6)4(H2O)3][Ag18(C2)3(CF3CO2)16(H2O)2.5] ¥ 2.5H2O (4). Aqua ligation ap-
pears in three of the four independent crown-complexed silver cations.

Figure 7. Molecular packing of 4. The bonds between Ag atoms and the
encapsulated C2

2� are not shown, and Fatoms have been omitted for clarity.

cationic column and no macrocyclic ligation occurs in the
anionic zigzag chain constructed from edge-sharing of silver(�)
triangulated dodecahedra each enclosing a C2

2� species.
The silver column in 4 is generated through edge-sharing of

two kinds of silver polyhedra. Two silver cages (A and C) are
each in the shape of a triangulated dodecahedron and the
third (cage B) is a bicapped trigonal antiprism, and thus the
ratio of the former type to the latter is 2:1 (Figure 8). For cage
A, atom sets Ag1-Ag2-Ag3-Ag4 and Ag5-Ag6-Ag7-Ag8 are
each coplanar within 0.018 and 0.203 ä, respectively, making
a dihedral angle of 94.6�. For cage C, atom sets Ag15-Ag16-
Ag17-Ag18 and Ag14-Ag13-Ag5a-Ag6a are each coplanar
within 0.026 and 0.058 ä, respectively, making a dihedral
angle of 92.5�. For cage B, atom sets Ag7-Ag9-Ag10 and
Ag11-Ag12-Ag13 make up a trigonal antiprism, and Ag8 and
Ag14 each cap one triangular face. For cages A and C, each
encapsulated C2

2� species is bound to all eight silver(�) atoms
at Ag�C� 2.17(1) ± 2.70(1) ä and 2.216(8) ± 2.632(9) ä, re-
spectively. The C2

2� unit in cage B is ligated to seven silver
atoms with � interactions except Ag8, and the shorter Ag�C
lengths at 2.12(1) ± 2.430(9) ä can be attributed to the
absence of � bonding. The Ag ¥ ¥ ¥Ag distances of the three
silver polyhedra lie in the range 2.759(1) ± 3.319(1) ä. The
silver polyhedra are connected to one another in the
ABCABC. . . pattern, sharing edges of the type Ag5-Ag6,
Ag7-Ag8 and Ag13-Ag14 to from the silver column.
Another factor we considered is the bulkiness of the

hydrophobic group of the silver salt used to react with silver
acetylide. Repeating the same procedure for the preparation
of 1, but by replacing trifluoroacetate with pentafluoropropi-
onate, complex 5was obtained. Its molecular structure is quite
similar to that of 1, being also a centrosymmetric hexadeca-
nuclear supermolecule containing two sandwiched units. Each
unit takes the shape of a pentagonal bipyramid, but there is no
significant lateral shift of the two apices (Ag6 and Ag7), in
contrast to the case in 1. Each edge of the equatorial pentagon
is bridged by one pentafluoropropionate ligand, and both Ag6
and Ag7 atoms are each capped by one �5-[15]crown-5 ligand.
Two [(�5-[15]crown-5)2(C2@Ag7)(�-C2F5CO2)5] moieties are
connected through a central {Ag2(C2F5CO2)2} bridge to form a
centrosymmetric hexadecanuclear supermolecule, as illustrat-
ed in Figure 9. The Ag ¥ ¥ ¥Ag distance in the {Ag2(C2F5CO2)2}
bridge is 2.875(1) ä, which is slightly longer than the
corresponding value of 2.830(1) ä for {Ag2(CF3CO2)2} in 1.
In the case of 5, the bulkiness of the C2F5CO2

� ion does not
affect the resulting molecular structure, which bears a marked
resemblance to that of 1. However, when C2F5CO2

� was used
in place of CF3CO2

� in the preparation of 4, to our surprise
[18]crown-6 functions as a multidentate ligand to generate
isolated silver(�) centers. The resulting compound 6 is a
discrete supermolecule containing an asymmetric Ag13 cluster
core, which is derived from the fusion of two types of silver
polyhedra: a monocapped trigonal prism (A) and a bicapped
trigonal antiprism (B), each enclosing an acetylenediide
moiety (Figure 10). For cage A, the triangular faces Ag1-
Ag2-Ag3 and Ag4-Ag5-Ag6 make a dihedral angle of 10.7�,
and Ag7 caps the rectangular face Ag2-Ag3-Ag6-Ag5. For
cage B, atom sets Ag7-Ag8-Ag12 and Ag10-Ag9-Ag11 form
two triangular faces making a dihedral angle of 3.7�. Atoms
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Figure 9. Centrosymmetric molecular structure of [Ag2C2 ¥ 6AgC2F5CO2 ¥
2([15]crown-5)]2 (5): two sandwiched C2@Ag7 units and the central
{Ag2(CF3CO2)2} bridge are linked by four �3-CF3CO2

� ligands. The silver
atoms are drawn as thermal ellipsoids at the 35% probability level. F and H
atoms have been omitted for clarity.

Figure 10. Cluster core of complex [(Ag2C2)2 ¥ (AgC2F5CO2)9 ¥ ([18]crown-
6)2 ¥ (H2O)3.5] ¥H2O 6. Selected bond lengths [ä]: C1�C2 1.16(1), C1�Ag1
2.22(1), C1�Ag2 2.276(9), C1�Ag3 2.122(9), C1�Ag6 2.63(1), C2�Ag2
2.61(1), C2�Ag4 2.24(1), C2�Ag5 2.14(1), C2�Ag6 2.371(9), C2�Ag7
2.65(1); C3�C4 1.12(1), C3�Ag7 2.66(1), C3�Ag8 2.15(1), C3�Ag9 2.33(1),
C3�Ag10 2.536(9), C4�Ag10 2.283(9), C4�Ag11 2.170(8), C4�Ag12
2.275(9), C4�Ag13 2.404(9).

Ag6 and Ag13 cap the rectan-
gular faces Ag7-Ag8-Ag9-Ag10
and Ag8-Ag9-Ag11-Ag12, re-
spectively. Cages A and B share
an edge Ag6 ±Ag7 to form an
asymmetric silver double cage.
Another notable feature of 6

is that the capping [18]crown-6
ligands adopt two kinds of quite
different ligation modes: �3-�5

and �4-�6 (Figure 11). The man-
ifestation of these novel coordi-
nation modes may be attributed
to the conformational flexibility
of [18]crown-6 and the argento-
philic, agglomerative tendency
of silver(�).[17] A perspective view
of this supermolecule is shown
in Figure 12.
It is noteworthy that with the

employment of the bulkier pen-
tafluoropropionate, discrete su-
permolecules are formed with
ancillary ligation of either
[15]crown-5 or [18]crown-6. This
is consistent with the finding in a
previous example Ag2C2 ¥
9C2F5CO2Ag ¥ 3MeCN ¥H2O,
which is also a discrete high-
nuclearity cluster with acetoni-
trile as a terminal ligand.[22]

Figure 11. Two kinds of coordination modes, �4-�6 (left) and �3-�5 (right),
displayed by [18]crown-6 in 6. Large circles: silver; medium-sized circles:
oxygen, small circles: carbon; black circles: C2

2� species.

Conclusion

The loose coordination between crown ethers and silver(�)
provides flexibility to the aggregation of the C2@Agn compo-
nent with perfluorocarboxylates. In the present work, depen-
ding on the size of selected crown ethers, quite different
crystal structures and silver polyhedral geometries are ob-
tained. Besides the structural aspects, this work demonstrates
that there is general applicability of the aforementioned
synthetic strategy, and it is also evident that the extension
from crown ethers to other macrocyclic ligands as protective
cordons is worthy of further investigation.

Figure 8. Trianglulated dodecahedra (A and C) and bicapped trigonal antiprism B (the capping atoms are Ag8
and Ag14) in 4. Atoms are drawn as 30% thermal ellipsoids. Ag ¥ ¥ ¥Ag distances (longer than 3.4 ä) are
represented by broken open lines. Selected bond lengths [ä]: C1�C2 1.16(1), C1�Ag1 2.59(1), C1�Ag2 2.169(9),
C1�Ag3 2.26(1), C1�Ag5 2.57(1), C1�Ag8 2.42(1), C2�Ag1 2.393(9), C2�Ag4 2.358(9), C2�Ag6 2.267(9),
C2�Ag7 2.251(8), C2�Ag8 2.635(9); C3�C4 1.20(1), C3�Ag7 2.341(9), C3�Ag9 2.12(1), C3�Ag10 2.136(9),
C4�Ag11 2.29(1), C4�Ag12 2.28(1), C4�Ag13 2.430(9), C4�Ag14 2.18(1); C5�C6 1.20(1), C5�Ag13 2.289(8),
C5�Ag15 2.352(8), C5�Ag18 2.363(8), C5�Ag5a 2.216(8), C5�Ag6a 2.549(8), C6�Ag15 2.510(8), C6�Ag16
2.214(9), C6�Ag17 2.183(8), C6�Ag18 2.632(9), C6�Ag6a 2.517(8). Symmetry code: a) 1 � x, y, z.
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Figure 12. Perspective view of supermolecule 6. F atoms have been
omitted for clarity. The silver atoms are drawn as thermal ellipsoids at
the 35% probability level. Open circles: oxygen; cross-hatched circles:
aqua ligands; black circles: C2

2� species; side-hatched small circles: other
carbon atoms.

Experimental Section

General : Ag2C2 was prepared as described previously,[6] and other
chemicals were used as purchased. CAUTION : thoroughly dried Ag2C2

detonates easily upon mechanical shock and heating, and only a small
quantity should be used in any chemical reaction. Excess amounts can be
disposed in alkaline solution by slow decomposition.

Preparation of [Ag([12]crown-4)2][Ag10(C2)(CF3CO2)9([12]crown-
4)2(H2O)3] ¥ H2O (2): Ag2C2 was added to a solution of AgCF3CO2

(0.663 g, 3 mmol) in water (1 mL) in a plastic beaker with stirring until
saturated. The excess amount of Ag2C2 was filtered off, and a few drops of
[12]crown-4 ether (42 mg) were added to the filtrate. The resulting
suspension was transferred to a thick-walled glass tube. The tube was
subsequently flame-sealed and kept in a furnace at 115 �CC for 6 h, and
then cooled down to room temperature at 6�h�1. Colorless platelike crystals
of 2 were isolated in over 50% yield. Elemental analysis calcd (%) for
C52H72Ag11F27O38 (3004.67): C 20.79, H 2.42; found: C 20.65, H 2.34.

Preparation of [Ag2C2 ¥ 5AgCF3CO2 ¥ (benzo[15]crown-5) ¥ (H2O)2] ¥
0.5H2O (3): Ag2C2 was added to a solution of AgCF3CO2 (0.663 g, 3 mmol)
in water (1 mL) in a plastic beaker with stirring until saturated. The excess
amount of Ag2C2 was filtered off, and benzo[15]crown-5 (45 mg) dissolved
in hot ethanol (1 mL) was added to the filtrate. The resulting solution was
allowed to stand without disturbance, and colorless rhombic plates of 3
were obtained in good yield (over 80%) after several hours. Elemental
analysis calcd (%) for C26H25Ag7F15O17.5 (1657.55): C 18.84, H 1.52; found: C
19.09, H 1.65.

Preparation of [Ag4([18]crown-6)4(H2O)3][Ag18(C2)3(CF3CO2)16 ¥
(H2O)2.5] ¥ 2.5H2O (4): Ag2C2 was added to a solution of AgCF3CO2

(0.663 g, 3 mmol) in water (1 mL) in a plastic beaker with stirring until
saturated. The excess amount of Ag2C2 was filtered off, [18]crown-6
(50 mg) was added and dissolved in the filtrate. The resulting solution was
allowed to stand without disturbance, and colorless needle-like crystals of 4
were obtained in over 50% yield after several hours. Elemental analysis
calcd (%) for C82H112Ag22F48O64 (5454.90): C 18.94, H 2.07; found: C 18.93,
H 1.76.

Preparation of [Ag2C2 ¥ 6AgC2F5CO2 ¥ 2([15]crown-5)]2 (5): Ag2C2 was
added to a solution of AgC2F5CO2 (0.544 g, 2 mmol) and AgBF4 (0.389 g,
2 mmol) in water (1 mL) in a plastic beaker with stirring until saturated.
The excess amount of Ag2C2 was filtered off, and [15]crown-5 (45 mg) was
added to the filtrate. The resulting suspension was transferred to a thick-
walled glass tube. The tube was subsequently flame-sealed and kept in a
furnace at 115 �C for 6 h, and then cooled down to room temperature at
6�h�1. Colorless blocklike crystals of 5 were isolated in good yield (�80%).
Elemental analysis calcd (%) for C80H80Ag16F60O44 (4611.36): C 20.84, H
1.75; found: C 20.54, H 1.76.

Preparation of [(Ag2C2)2 ¥ (AgC2F5CO2)9 ¥ ([18]crown-6)2 ¥ (H2O)3.5] ¥ H2O
(6): Ag2C2 was added to a solution of AgC2F5CO2 (0.544 g, 2 mmol) and
AgBF4 (0.389 g, 2 mmol) in water (1 mL) in a plastic beaker with stirring
until saturated. The excess amount of Ag2C2 was filtered off, and
[18]crown-6 (60 mg) was added to the filtrate. A white precipitate was
deposited, which was allowed to stand still without filtration. The
precipitate changed to colorless blocklike crystals of 6 after several days.
Yield, about 40%. Elemental analysis calcd (%) for C55H57Ag13F45O34.5

(3527.32): C 18.73, H 1.63; found: C 18.32, H 1.32.

X-ray crystallography : Data collection was performed at 293 Kon a Bruker
SMART 1000 CCD diffractometer (�� 0.71073 ä) using frames of
oscillation range 0.3�, with 1.5�� �� 28�. An white empirical absorption
correction was applied by using the SADABS program.[23] The structures
were solved by direct methods, and non-hydrogen atoms were located from
difference-Fourier maps. For 2, 3, 5, and 6, all non-hydrogen atoms were
refined anisotropically by full-matrix least-squares on F 2 using the
SHELXTL program.[24] Part of the atoms of [18]crown-6 in 4 were refined

Table 1. Crystal data for complexes 2 ± 6.

2 3 4 5 6

formula C52H72Ag11 F27O38 C26H25Ag7F15O17.5 C86H112Ag22F48O64 C80H80Ag16F60O44 C55H57Ag13F45O34.5

crystal system orthorhombic triclinic triclinic monoclinic triclinic
space group Pnma (No.62 ) P1≈ (No. 2) P1≈ (No. 2) P21/c (No. 14) P1≈ (No. 2)
a [ä] 44.306(7) 13.359(2) 12.020(1) 24.374(1) 13.6133(8)
b [ä] 17.503(3) 14.059(2) 18.864(2) 10.8682(6) 14.0308(8)
c [ä] 10.977(2) 14.651(2) 35.036(4) 26.314(1) 25.705(2)
� [�] 90 115.240(2) 92.932(2) 90 82.508(1)
� [�] 90 101.703(3) 98.728(2) 107.207(1) 82.859(1)
� [�] 90 108.588(2) 105.632(2) 90 83.756(1)
V [ä3] 8513(2) 2167.1(5) 7526(2) 6658.6(6) 4808.7(5)
Z 4 2 2 2 2
T [K] 293(2) 293(2) 293(2) 293(2) 293(2)
� [mm�1] 2.614 3.228 2.932 2.452 2.744
	calcd [gcm�3] 2.344 2.540 2.407 2.300 2.436
reflections collected 56620 12068 51366 43881 32546
unique reflections 10701 9502 35792 15962 22713
data [I� 2�(I)] 5207 6485 18814 7299 11573
parameters 707 596 1665 902 1334
R1 (obs) 0.0510 0.0463 0.0633 0.0465 0.0640
wR2 (all data) 0.1599 0.1379 0.2034 0.1535 0.2114
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isotropically. Some of the aqua or water oxygen atoms in 2, 3, 4, and 6 have
half occupancies. The crystal data and details of refinement are given in
Table 1.

CCDC-193509 (2), CCDC-193510 (3), CCDC-193511 (4), CCDC-193512
(5), and CCDC-193513 (6) contain the supplementary crystallographic data
for the structures reported in this paper. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/cont/retrieving.html (or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB21EZ, UK; fax: (�44)1223-336033; or deposit@ccdc.cam.ac.uk).
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