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Trinuclear coinage-metal (Cu, Ag, Au) complexes have
garnered considerable interest in recent years owing in large
part to their fascinating luminescence properties.[1–10] Some of
these compounds also show very interesting p-acid/base
properties that lead to the formation of extended binary
stacks with arenes.[11, 12] In general, these adducts form
structures in which the trinuclear metal complex [M3L3] or
its dimer [(M3L3)2] unit interleaves with the arene Ar to form
extended binary stacks of the general formula [{(M3L3)Ar}1]
(Figure 1, type A) or [{(M3L3)2Ar}1] (type B). For example,
Balch and co-workers reported that [{(MeN=COMe)Au}3]
forms adducts of type A or B with nitro-9-fluorenones
and form supramolecular extended stacks in which
[{(MeN=COMe)Au}3] or its dimer serves as the p base and
nitro-9-fluorenones serve as the p acid.[4] Burini et al.
described the isolation of supramolecular type B adducts
involving the p base [{[(p-tolyl)N=COEt]Au}3] and perfluor-

oarene acceptors such as hexafluorobenzene and octafluoro-
naphthalene.[13]

Similar to the gold(I) adducts described above, the
trinuclear pyrazolate complexes of CuI, AgI, and AuI are
generally also p bases with the basicity order Au>Cu>Ag
for a given pyrazolate.[12] However, we demonstrated that it is
possible to achieve a polarity reversal in the [M3L3] complex
by using highly fluorinated pyrazolate (pz) ligands.[12] These
p-acidic [M3L3] complexes permit the use of more common p

bases such as aromatic hydrocarbons for the adduct forma-
tion. For example, gold(I) pyrazolate [{[3,5-(CF3)2pz]Au}3]
forms a type B stack with toluene.[12] Herein, we report an
interesting discovery involving the most acidic member of the
coinage-metal family, the silver(I) analogue [{[3,5-
(CF3)2pz]Ag}3] (1).

[14] In particular, we show that it is possible
to obtain several new classes of p-acid/base sandwich com-
plexes (Figure 1, type C andD, as well as an extended form of
type C) by using complex 1 along with some arenes. The most
widely explored trinuclear d10 p acid in arene chemistry
concerns a HgII complex [{(o-C6F4)Hg}3].

[15–19] The research
group of Gabba: has demonstrated its use in the isolation of a
series of one-dimensional organometallic polymers (type A)
which contain arene donors such as benzene, naphthalene,
and pyrene.[20–22]

During the synthesis of 1,[14] we observed that it was
difficult to remove the aromatic solvent from the final
product. A careful study of this behavior shows that 1 is
indeed a good p acid and interacts with aromatic hydro-
carbons through secondary Ag···p interactions to form
interesting sandwich structures. For example, crystals of 1
obtained from benzene feature [(C6H6)(1)(C6H6)] sandwiches
which represents a type C structure (Figure 2a).[23–25] The
distances between the two benzene centroids to the centroid
of 1 in [(C6H6)(1)(C6H6)] are 3.18 and 3.23 >. The shortest
separation between a silver and a carbon atom of the benzene
ring is 3.109 >. These separations are significantly smaller
than the sum of the van der Waals radii of Ag and C
(3.42 >).[26] There is an additional benzene molecule for each
[(C6H6)(1)(C6H6)] unit in the crystal lattice, but the molecule
lies between the [(C6H6)(1)(C6H6)] units at an angle (see the
Supporting Information). There are no face-to-face contacts
between the adjacent [(C6H6)(1)(C6H6)] units.

Interestingly, the crystals of 1 obtained from a benzene/
dichloromethane mixture are different and contain adducts of
type D that consist of discrete [(C6H6)(1)2(C6H6)] units
(Figure 2b), with the dimers of 1 having two Ag···Ag contacts.
The complex crystallizes in C2/c space group and [(C6H6)(1)2-
(C6H6)] sits on an inversion center. The closest Ag···Ag
separation between the trimers (3.2894(4) >) is significantly
smaller than the sum of the van der Waals radii of Ag
(3.44 >).[26] The shortest Ag···Ag separation between the
trimers observed in the free complex 1 is slightly shorter at

Figure 1. Different types of sandwich structures which result from the
p-acid/base chemistry of trinuclear d10 metal complexes (triangles)
with arenes (ovals).
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3.2037(4) >.[12] The centroids of the benzene ring and of 1 in
[(C6H6)(1)2(C6H6)] are separated by 3.28 > and the closest
contact between the silver and carbon atoms of the benzene
ring is at 3.187 >.[27] Again, there are no p–p stacking between
the neighboring [(C6H6)(1)2(C6H6)] units.

We have also explored the p-acid/base chemistry between
1 and mesitylene (Mes) in different solvents. In mesitylene
alone, 1 forms sandwich molecules of the type [(Mes)(1)-
(Mes)] (Figure 2c). There is a crystallographic mirror plane
bisecting the molecule, in which 1 is essentially planar and the
nonmethylated carbon atoms of the two mesitylene molecules
sit above and below the three silver atoms. The closest
Ag···C(Mes) separation is 3.196 >, and the centroids of the
mesitylene unit are separated from 1 by 3.21 and 3.23 >.
These distances are well within the van der Waals contact
distance of Ag and C (3.42 >) which indicates significant
binding. In addition, [(Mes)(1)(Mes)] units form extended
somewhat-slanted, stacks with the general formula
[{(Mes)(1)(Mes)}1]. The adjacent mesitylene units lie off
center, and the closest intermolecular C···C distance is about
3.7 > (separation of the centroid of the Mes unit to the
neighboring carbon atom is 3.61 >). These C···C distances are
slightly longer than the sum of the van der Waals radii of two
carbon atoms (3.40 >). The overall supramolecular structure
may be described as an extended form of type C. Note
however that it is different from the discrete type C form that
involves benzene.

The crystals of 1 obtained from a mesitylene/dichloro-
methane solution adopt a [{(1)(Mes)}1] columnar structure of
type A (Figure 2d), which is the most common stacking
pattern for arene sandwiches of trinuclear HgII as well as of
some AuI systems.[15,16,28,29] The {(1)(Mes)} unit sits on a
threefold rotation axis. The 1–Mes–1–Mes planes are sepa-
rated by 3.32, 3.19, and 3.32 > which indicates relatively tight
contacts. The shortest Ag···C(Mes) distance is 3.25 >. The
rings of 1 show a notable distortion from planarity, perhaps as
a result of the steric repulsion between the methyl groups and
pyrazole rings.

Comparison of the Ag···C(arene) distances of four arene
sandwiches of 1 indicates that, although the methyl groups in
mesitylene make it more sterically bulky than benzene, the
separation between 1 and the arene ring in the mesitylene and
benzene systems are of similar magnitude. This is perhaps a
result of the more basic mesitylene p system compensating for
the adverse steric effects. In addition, all these face-to-face
contacts between 1 and the arene are shorter than the van der
Waals contact distance. Similar strong binding has been seen
between [{(o-C6F4)Hg}3] and arenes.[15, 20] These contacts
between the arene carbon atoms and the complex 1 are
longer than the AgI�C bonds of the arene adducts of ionic
silver salts that usually show h1- or h2-bonded arenes with
Ag�C distances ranging from 2.16(3) to 2.921(9) >.[30]

Crystals of [(C6H6)(1)(C6H6)] lose some of the benzene
molecules under reduced pressure at room temperature, thus

Figure 2. X-ray structures. Top (upper) and side (lower) views of a) [(C6H6)(1)(C6H6)] and b) [(C6H6)(1)2(C6H6)]. c) Top (upper) view of
[(Mes)(1)(Mes)] and (below) a portion of the supramolecular chain {(Mes)(1)(Mes)}1 resulting from p stacking. d) Top (upper) and side (lower)
view of a portion of the {(1)(Mes)}1 chain. Hydrogen atoms (and fluorine atoms in side view) have been omitted for clarity. Atom coloring:
yellow: arene, green: fluorine, dark gray: carbon, light gray: silver, blue: nitrogen.
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resulting in material with the approximate composition
[(1)(C6H6)0.5] within 30 minutes, as evident from the data
from elemental analysis and 1H NMR spectroscopy. The
removal of arene from the crystalline materials of
[(C6H6)(1)2(C6H6)] or the mesitylene adducts [{(Mes)(1)-
(Mes)}1] and [{(1)(Mes)}1] proved more difficult, and heat-
ing or longer exposure to reduced pressure was required. The
NMR spectra and elemental analysis of these crystals dried
under reduced pressure for about 30 mins show data consis-
tent with the compositions in the structurally characterized
samples. Room-temperature 1H NMR spectra taken in CDCl3
show no chemical shift difference between the aromatic
proton signals of adducts and the corresponding signals of the
free components, 1 and the arene. This suggests that these
p-acid/base adducts are too weak to survive (that is, they
dissociate) in solution, or to influence the chemical shifts in
solution.

In summary, herein we have described the isolation of
sandwich molecules and supramolecular stacks which contain
the acidic [{[3,5-(CF3)2pz]Ag}3] moiety and electron-rich
aromatic p systems and in which the aggregation patterns
depend on the solvent and the arene. These adducts also
represent the first sandwich complexes of silver pyrazolates
and arenes. The high affinity of [{[3,5-(CF3)2pz]Ag}3] for
electron-rich arenes is consistent with the computational
data.[12] We are currently investigating the p-acid/base
chemistry involving 1 with fused arenes. Preliminary data
also indicate that some of the resulting adducts are brightly
luminescent.
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