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By reaction of the Lewis base NBu4[Au(3,5-C6F3Cl2)2]
and AgCF3COO in the presence of NBu4CF3COO the
heterometallic compound (NBu4)2[Au(3,5-C6F3Cl2)2Ag4-
(CF3COO)5] (2) is obtained. The structure displays an un-
precendented square pyramidal AuAg4 arrangement built
up through four Au · · · Ag closed-shell interactions and two
Au–C–Ag 3c–2e− bridges.

Among nonbonding interactions between closed-shell metals,
the most studied are the aurophilic Au(I)–Au(I) interactions.1

However, there is a growing interest in mixed-metal interactions2

and, thus, among them, a number of complexes containing
argento–aurophilic contacts have been reported recently.3 The
most common strategy for the synthesis of heteronuclear
AuI/AgI systems is the use of asymmetric polydentate ligands
that can act as a bridge between the metal centres,3,4 and,
in particular, the reaction of [Au(L–L′)2]+ with equimolecular
amounts of a silver(I) salt, such as AgTfO (TfO = CF3SO3),3b,4b

Ag(OClO3),4a or AgBF4.3d A different synthetic strategy consists
of the reaction between a donor metallic system, such as
[Au(C6F5)2]−,5 [Au(CH2PR3)2]+,6 [Au2(CH2SiMe3)2(l-dppm)]7

or [Au(l-C2,N3-bzim)]3
8 (bzim = 1-benzylimidazolate), and the

same acid Ag+ salts as above. However, although the complexes
obtained through these or alternative procedures present a
variety of structural dispositions, they always contain an acidic
silver(I) centre surrounded by a number of gold(I) atoms that
goes from a minimum of one3–6,9 to a maximum of six,8,10 which
means that each acidic silver atom needs at least one donor
fragment to form an stable system.

On the other hand, as has been reported by Schmidbaur,3e

while in (phosphine)gold(I) perfluorocarboxylates the metals
are always linearly two-coordinate with monohapto carboxylate
groups, in the corresponding (phosphine)silver(I) perfluorocar-
boxylates the coordination number of the metal atoms can be
expanded with the carboxylate groups forming O,O′-dihapto
bridges between the metal atoms. Donor-free silver(I) perflu-
orocarboxylates are known to form cyclic dimers of the type
[Ag(l-O,O′-OC(O)CRF)]2 in the solid state. This dimeric unit
is also retained as a core with a planar eight-membered ring
in the tetranuclear complexes [(C6F5)Au(l-PPh2CH2SPh)Ag(l-
CF3CO2)]2

4b or [{(4-Me2NC6H4)Ph2P}Au(l-C2F5CO2)Ag(l-
C2F5CO2)]2,3e both of them showing Au · · · Ag contacts in
addition to the Ag · · · Ag interactions present in the dimeric
core. Nevertheless, as before, the ratio between gold and silver
is still one.

Taking into account these two facts, we wondered if the
reaction of a basic [AuR2]− (R = perhalophenyl group) anion

† Electronic supplementary information (ESI) available: Experimental
section. See http://www.rsc.org/suppdata/dt/b5/b502701m/

with silver(I) trifluoroacetate in different molar ratios could lead
to the synthesis of heteronuclear compounds in which a unique
bis(perhalophenyl)aurate(I) unit could maintain Au · · · Ag met-
allophilic interactions with more than one silver atom. In this
regard, the capability of C6F5 and 3,5-C6F3Cl2 to act as bridging
groups in certain intermediates in catalytic processes that
involve heterometallic Pd/Au systems,11 prompted us to use the
corresponding bis(aryl)aurates(I) as bases in order to facilitate
the formation of Au · · · Ag interactions taking advantage of
both, the donor characteristics and the bridging capabilities of
these groups.

Although the complex [Au(C6F5)2]− has been known since
1976,12 the 3,5-C6F3Cl2 precursor has not yet been described. By
reaction of a freshly prepared solution of Li(3,5-C6F3Cl2) in Et2O
and at −78 ◦C with [AuCl(tht)] and further addition of NBu4Br
(2 : 1 : 1) the new anionic homoleptic complex NBu4[Au(3,5-
C6F3Cl2)2] (1) was isolated as a white solid with analytical
and spectroscopic properties in agreement with the proposed
stoichiometry (Scheme 1). Its IR spectrum shows very strong
bands at 1587, 1562, 1047 and 775 cm−1, due to the aryl groups
bonded to gold(I) and a strong band at 883 cm−1, corresponding
to the cation. In its 19F NMR spectrum two signals located at
−89.1 and −119.1 ppm with relative intensities 2 : 1, due to the
ortho and para fluorine atoms, are observed. Finally, its mass
spectrum (ES−) shows a unique peak at m/z 597, corresponding
to the anion [Au(3,5-C6F3Cl2)2]−.†

Scheme 1 Synthesis of complexes 1 and 2.

Further reactions of NBu4[AuR2] with Ag(CF3CO2) produces
different results depending on the aryl group and, thus, the
pentafluorophenyl derivative leads to oily mixtures that could
not be characterized whatever the molar ratio. In contrast, when
complex 1 is treated with equimolecular amounts of silver(I)
trifluoroacetate a yellow solid of stoichiometry (NBu4)2[Au(3,5-
C6F3Cl2)2Ag4(CF3CO2)5] (2) was obtained in a moderate yield
together with a mixture of unreacted NBu4[Au(3,5-C6F3Cl2)2]
and Ag0 (Scheme 1). Complex 2 can also be obtained as a pure
product and in a higher yield when the same reaction is carriedD
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out in a 1 : 4 molar ratio of metal precursors with addition of
one equivalent of NBu4CF3COO.†

By layering a dichloromethane solution of 2 with n-hexane,
single crystals suitable for its X-ray diffraction study were
obtained.‡ The anion [Au(3,5-C6F3Cl2)2Ag4(l-CF3CO2)5]2−

(Fig. 1) contains an unexpected and unprecedented pentanuclear
AuAg4 core with the silver atoms forming the base of a square
pyramid and the gold centre in the apical position. The aryl
groups are bonded to the gold atom (which adopts a slightly
distorted linear environment) and also interact with two silver
centres, thus acting as asymmetric bridging ligands, while the
trifluoroacetates bridge each two Ag(I) atoms. Four of these
CF3CO2

− anions are nearly parallel to the plane formed by the
silver atoms, while the fifth trifluoroacetate forms an angle of
60◦ with the same plane. The former bind the silver atoms
with Ag–O bond distances in the range 2.237–2.335 Å, while
the latter shows, in addition to two Ag–O bond distances of
2.349(6) and 2.441(6) Å, two Ag · · · O weak interactions of
2.546(6) and 2.699(7) Å (see Fig. 1). The Ag–Ag distances,
in the range 2.8424(8)–2.9396(7) Å, are similar to those found
in other perfluorocarboxylates complexes containing CF3CO2

−
4b (2.8155(9) Å) or C2F5CO2

− 3e (2.9439(6) Å) anions bridging
two silver atoms. The Au–Ag distances (between 2.9019(6)
and 3.0134(6) Å) are comparable to those observed in the
phenylacetylide clusters [Au2Ag2(C2Ph)4(PPh3)2]9a (2.989(1)–
3.028(1) Å) or [Au3Ag2(C2Ph)6]− 13 (2.876(4)–3.096(5) Å)
or to those found in the dinuclear species [AuAg(Ph2-
PCH2SPh)2](TfO)2

4b (2.9314(5) Å), [AuAg(2-Ph2PC6H4NH2)2]-
(TfO)2

3b (2.9931(12) Å), [AuAg(MTP)2] (MTP = diphenyl-
methylenethiophosphinate)3a (2.9124(13) Å), all of them con-
taining bridging ligands between the AuI and AgI, while in 2
only two of these interactions are supported by the aryl bridging
ligands. These aryl groups are asymmetrically bonded to the
metals, showing Au–C distances of 2.067(7) and 2.068(7) Å and
Ag–C distances of 2.450(6) and 2.439(6) Å.

Fig. 1 Crystal structure of the cation of 2. Hydrogen atoms are
omitted for clarity. Selected bond lengths (Å) and angle (◦): Au–Ag(1)
3.0134(6), Au–Ag(2) 2.9019(6), Au–Ag(3) 2.9364(6), Au–Ag(4)
2.9421(6), Ag(1)–Ag(2) 2.8424(8), Ag(1)–Ag(4) 2.8563(7), Ag(2)–Ag(3)
2.9396(7), Ag(3)–Ag(4) 2.8652(8), Au–C(1) 2.067(7), Au–C(11) 2.068(7),
Ag(4)–C(1) 2.450(6), Ag(2)–C(11) 2.439(6), Ag(1)–O(1) 2.272(5), Ag(1)–
O(8) 2.257(5), Ag(1)–O(9) 2.441(6), Ag(2)–O(2) 2.335(5), Ag(2)–O(3)
2.237(6), Ag(3)–O(4) 2.251(6), Ag(3)–O(5) 2.255(5), Ag(4)–O(6)
2.330(5), Ag(4)–O(7) 2.297(6), Ag(4)–O(10) 2.349(6), Ag(2)–O(9)
2.546(6), Ag(3)–O(10) 2.699(7); C(1)–Au–C(11) 164.4(2).

In its IR spectrum, this complex shows bands due to the
aryl groups bonded to gold(I) (1558, 1557, 1057 and 794 cm−1),
to the tetrabutyl ammonium cation (887 cm−1) and to the
trifluoroacetate anions (1652 and 1210 cm−1), shifted from those
due to the metallic precursor complexes. The resonances due to

the fluorine atoms of the CF3COO− and 3,5-C6F3Cl2 groups are
observed in its 19F NMR spectrum at −73.0 (s) (CF3COO),
−83.4 (m) (Fo) and −109.5 (m) (Fp) ppm, whose relative
integration is in accordance with the proposed stoichiometry
(15 : 4 : 2) (Fig. 2). Interestingly, the resonances due to the
aryl groups are significantly shifted to downfield from those
found for the starting gold precursor, 6 ppm for the ortho signal
or 10 ppm for the para one, indicating a different magnetic
environment that could be related to the interaction between the
basic [Au(C6F3Cl2)]− group and the acid silver atoms that remain
in solution. In fact, it has been reported that the resonances
due to the ortho- and para-fluorine atoms of bridging C6F5 or
C6F3H2 groups appear at lower fields than those corresponding
to terminal ones.14 It is worth noting that the permanence of
such M · · · M′ interactions in solution is not common, although
they seem to be kept in this particular case, which makes this
complex more attractive. Variable-temperature 19F NMR study
of complex 2 in CDCl3 reveals some interesting features. Thus,
at room temperature (293 K) exchange broadening is already
observed for all peaks, consistent with the existence of a dynamic
behaviour in solution. Looking at the signal corresponding to
the CF3CO2

− anion at d −73.0 ppm (293 K) an increasing line-
width broadening is observed on decreasing the temperature.
At 223 K the signal splits into two broad peaks at d −72.6 and
−73.5 ppm and a third sharp peak at d −71.9 ppm. This situation
would represent the CF3CO2

− ligands in different coordination
environments.15 Thus, the two broad peaks may correspond
to the two types of trifluoroacetate ligands bridging the Ag(I)
centres in the pyramid base in which the CF3 groups can be
oriented close to the [Au(C6F3Cl2)2]− unit or away from it (see
the X-ray structure in Fig. 1). On the other hand, the sharp
peak could correspond to the fifth trifluoroacetate ligand placed
below the pyramid base and bonded to four silver atoms that
could be in a more fixed fashion, since it might not participate
in two different conformations as the other four trifluoroacetate
ligands at that temperature.

Fig. 2 19F NMR spectra at 293 and 223 K of complex 2. The region
displayed corresponds to the CF3CO2

− ligands.

Also, the conductivity measurement of this complex in dilute
acetone solutions gives a value of 208 ohm−1 cm2 mol−1,
characteristic of 1 : 2 electrolytes. This value contrasts with
those of 92 and 10 ohm−1 cm2 mol−1 observed for the starting
materials 1 and AgCF3CO2, which are in accordance with a 1 : 1
electrolyte and with a non-conducting species, respectively. This
results seem to indicate that the pentanuclear anion [Au(3,5-
C6F3Cl2)2Ag4(l-CF3CO2)5]2− remains in solution probably due
to the stability that the presence of the intermetallic interactions
and the perhalophenyl and trifuoroacetate bridging ligands
confers to the molecule.

On the other hand, and in contrast to what was observed in
other Au/Ag complexes previously reported that in addition
display Au · · · Au interactions,3d,5c the lack of such contacts
in the case of complex 2 seems to be the responsible for its
non-luminescent behaviour in the solid state both at room
temperature and at 77 K. In degassed chloroform solution
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complex 2 displays a weak emission at 381 nm (exc. 330 nm)
appearing at fairly similar energy (350 nm) than the precursor
gold complex NBu4[Au(3,5-C6F3Cl2)2]. This fact as well as the
high energy values found, allows us to assign this emission to
arise from p–p* transitions in the perhalophenyl rings.

Ab initio calculations are currently in progress in order to study
the nature of both the metallophillic interactions and the 2c–3e−

bridges responsible for this unusual Au · · · Ag4 arrangement.
The D.G.I. (MEC)/FEDER (CTQ2004-05495) project is ac-

knowledged for financial support. M. Monge thanks the MEC-
Universidad de La Rioja for his research contract “Ramón y
Cajal”. M. Montiel thanks the C.A.R. for a grant.

Notes and references
‡ Crystal data for 2: C54H72Ag4AuCl4F21N2O10, monoclinic, P21/n, a =
19.2046(2), b = 17.4577(2), c = 24.2007(3) Å, b = 101.637(1)◦, V =
7946.95(16) Å3, Z = 4, l = 3.038 mm−1, 75235 reflections, 2hmax

56◦, 16737 unique (Rint = 0.0441), R = 0.0512, Rw = 0.1492 for 873
parameters, 211 restrictions, S = 1.046, max. Dq = 3.225 e Å−3. Crystal
data of 2 were measured at −100 ◦C using a Nonius KappaCCD
diffractometer, Mo-Ka radiation, x and φ-scans. The structure was
solved by direct methods and refined anisotropically on F 2 (program
SHELXL-97, G. M. Sheldrick, University of Göttingen) Absorption
correction: multiscan. Special refinement details: the structure contains
extensive regions of badly resolved residual electron density, in which no
solvent molecules could be clearly identified. For this reason no solvent
was included in the refinement, and the formula and related information
(M, etc.) do not include solvent. CCDC reference number 254889. See
http://www.rsc.org/suppdata/dt/b5/b502701m/ for crystallographic
data in CIF or other electronic format.
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