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Recently, we reported the synthesis of silver(I) 1,3-butadiyne-
diide, Ag2C4, and showed that in two structurally related double
salts, Ag2C4‚6AgNO3‚nH2O (n ) 2, 3), the linear-CtCsCtC-

dianion exhibits an unprecedentedµ8-coordination mode, each
terminal being capped by four silver(I) atoms.1 This suggests that
the Ag4⊂ C2sC2 ⊃Ag4 moiety may be conceived as a synthon for
the assembly of coordination networks,2 by analogy to the plethora
of well-known supramolecular synthons that involve hydrogen
bonding and weaker intermolecular interactions.3

To establish the general utility of a new class of supramolecular
synthons of the type Agn⊂ C2sRsC2 ⊃Agn, we considered the
simple case in which the bridging R group is ap-phenylene ring.
With reference to 1,3-butadiynediide as a standard, thep-phen-
ylenediethynide dianion has a lengthened linearπ-conjugated
backbone, and its aromatic ring is potentially capable of partaking
in π-π stacking4 and silver-aromatic interaction.5 The isomeric
m- ando-phenylenediethynides were also investigated in order to
probe the influence of varying the relative orientation of the pair
of terminal ethynide groups.

Herein, we report the synthesis and structural character-
ization of three silver(I) double salts containing isomeric phenyl-
enediethynide dianions,6 namely, 2[Ag2(p-CtCC6H4CtC)]‚
11AgCF3CO2‚4CH3CN‚2CH3CH2CN (1), Ag2(m-CtCC6H4CtC)‚
6AgCF3CO2‚3CH3CN‚2.5H2O (2), and 3[Ag2(o-CtCC6H4CtC)]‚
14AgCF3CO2‚2CH3CN‚9H2O (3), in which the corresponding
Agn⊂ C2sC6H4sC2 ⊃Agn (n ) 4, 5) synthons engender a broken
silver(I) double chain, a silver(I) double chain, and an unprecedented
silver(I) layer, respectively.

Double salts1-3 were obtained from the crystallization of the
corresponding polymeric crude compounds [Ag2(p-CtCC6H4Ct
C)]n (4), [Ag2(m-CtCC6H4CtC)]n (5), and [Ag2(o-CtCC6H4Ct
C)]n (6) in a concentrated aqueous solution of AgCF3CO2. Although
complex4 was synthesized nearly a quarter-century ago,7 tedious
experimental operations and the use of liquid ammonia were re-
quired. In the present study, we carried out the reaction of dilithium
p-phenylenediethynide (generated in situ from 1,4-bis(trimethyl-
silylethynyl)benzene andn-BuLi) with AgNO3 in a 1:2 molar ratio
in THF under an inert atmosphere of nitrogen at room temperature
to produce complex4 (contaminated with a small amount of
metallic silver). Repeating this synthetic procedure employing 1,3-
and 1,2-bis(trimethylsilylethynyl)benzene yielded new complexes
5 and 6. To improve the solubility of compounds4-6, a mixed
solvent of water and acetonitrile or propionitrile was used.

In the crystal structure of1, the p-phenylenediethynide ligand
exhibits the highest ligation number8 reported to date for the
ethynide moiety, in comparison with three or less in other
p-phenylenediethynide transition metal complexes (Scheme 1,
modes I-IV ).9,10 As shown in Figure 1a, two independentp-
phenylenediethynide ligands coordinate to a Ag14 aggregate with
different µ4,µ5-coordination modes, which are depicted asV and

VI in Scheme 1. An unprecedentedµ5-η1 mode for the ethynide
moiety C19-C20 within a square-pyramidal Ag5 basket is observed
for the first time. The Ag14 aggregate, being constructed essentially
from two independent Agn⊂ C2s(p-C6H4)sC2 ⊃Agn (n ) 4, 5)
synthons through argentophilic interaction and continuousπ-π
stacking, is connected to its symmetry equivalents generated from
one of the sites located between phenylene rings (IA) and (I), and
between (II) and (IIB), to form a broken silver(I) double chain along
the a-axis, in which adjacent Ag14 segments are also bridged by
oxygen atoms O15 and O21 of two trifluoroacetate groups (Figure
1b).

In contrast to the only knownµ1,µ1-coordination mode of
m-phenylenediethynide in its transition metal complexes,12 this
ligand exhibits different terminal ethynide bonding modes, namely,
µ4-η1,η1,η1,η1 andµ4-η1,η1,η1,η2, in the crystal structure of2 (Figure
S1 in Supporting Information). Through inversion centers located
between successive pairs ofm-phenylene rings, the Agn⊂ C2s(m-
C6H4)sC2 ⊃Agn (n ) 4) synthon is extended along the [100]
direction by Ag‚‚‚Ag interactions to form a silver double chain
(Figure 2a), which are further consolidated byπ-π interaction
betweenm-phenylene rings protruding alternatively on either side
(Figure 2b). Linkage of these silver double chains by (aceto-

Scheme 1. Coordination Modes of the p-Phenylenediethynide
Dianion in Transition Metal Complexes

Figure 1. (a) Atom labeling (50% thermal ellipsoids) and coordination
modes of thep-phenylenediethynide ligands in1. Other ligands are omitted
for clarity. Symmetry code: A- x, 1 - y, 1 - z; B 1 - x, 1 - y, 1 - z.
(b) Broken silver(I) double chain in1 composed of discrete Ag14 segments
connected by trifluoroacetate groups and stabilized by continuousπ-π
stacking between parallelp-phenylene rings. Color scheme for atoms: Ag
purple, C gray, O red, F cyan.
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nitrile)C-H‚‚‚F(trifluoroacetate) hydrogen bonds generates a two-
dimensional network (Figure S2).

In the crystal structure of3, the ethynide moieties bond to silver
atoms via three different coordination modes,µ4-η1,η1,η1,η2, µ4-
η1,η1,η2,η2, and µ5-η1,η1,η1,η1,η2 (Figure 3a), in contrast to the
simple µ1,µ1 mode existing in knowno-phenylenediethynide
transition metal complexes.13 The two independent Agn⊂ C2s(o-
C6H4)sC2 ⊃Agn (n ) 4, 5) synthons mutually associate to generate
an undulating silver column consolidated by argentophilic interac-
tion andπ-π stacking.

Bridged by silver atom Ag10 through Ag‚‚‚Ag interaction and
three oxygen atoms (O2W, O4, O8), the silver columns are linked
to form a wavelike layer witho-phenylene groups protruding on
both sides (Figure 3b). Although silver(I) layers linked by ancillary
organic connectors are very abundant,14,15 to our knowledge there
is only one precedent of a silver(I) layer held together by Ag‚‚‚Ag
interaction.16 Utilizing the remaining Ag11 atom and three tri-
fluoroacetate groups as linkage components, adjacent undulating
silver layers are stacked along [010] to generate a three-dimensional
network (Figures S3 and S4). The formation of the silver layer
and the network structure is consistent with the unusually high
melting point of 220°C for complex3.

The decreasing separation of the pair of ethynide groups in1-3
is accompanied by strengthened argentophilic interaction at the
expense of weakenedπ-π stacking, yielding a broken double chain,
a double chain, and a layer, respectively. When the pair of ethynide
vectors make an angle of 60°, sharing of a common silver atom
for the Agn caps occurs in3. The structural correlation between
various silver-ethynide supramolecular synthons affords a rationale
for the preponderant existence of C2@Agn (n e 10) polyhedra in
Ag2C2 complexes.15 If the linear -CtCsCtC- chain were

contracted to a C22- dumbbell, further overlap between atoms of
the terminal Agn caps would yield a closed cage with 6-10 vertices
(Scheme 2).
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Figure 2. (a) Silver double chain in2 assembled by argentophilic interaction
andπ-π interaction between adjacent pairs ofm-phenylene rings. Symmetry
code: A 1- x, - y, 1 - z; B - x, - y, 1 - z. (b) Side view of silver
double chain, whose axis makes an angle of 71.8° with the line joining the
centers of adjacentm-phenylene rings.

Figure 3. (a) Atom labeling (50% thermal ellipsoids) and coordination
modes of two independento-phenylenediethynide ligands in3. Symmetry
code: A 1- x, y, 1/2- z; B - x, y, 1/2- z; C x - 1, y, z. (b) Argentophilic
layer composed of silver columns cross-bridged by Ag10.

Scheme 2. Schematic Diagram Showing the Structural
Relationship between the Supramolecular Synthons Ag4⊂ C2sC2
⊃Ag4, Agn⊂ C2sRsC2 ⊃Agn (R ) p-, m-, o-C6H4; n ) 4, 5) and
C2@Agn (n ) 6-10). The Circular Arc Represents a Agn (n ) 4,
5) Basket
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