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The synthesis and characterization of the silver antimony
complexes [Ag12{Sb(SiMe3)}6(PiPr3)6] (1), [Ag4(Sb4Ph4)2-
(PiPr3)4] (2) and [Ag4(Sb6Ph6)2(PnBu3)4] (3) is reported.

Introduction

In 1989 Cowley et al. had synthesized the first copper
complex containing an antimony anion by the metathesis
reaction of a CuI salt with lithium dimesitylantimonide.[1]

More recent developments in the area of complexes con-
taining antimony anions represent the discovery of a new
class of compounds with unstoichiometric mixtures of Cu
and Sb atoms and a range of novel group 13 metal com-
plexes.[2,3] The synthesis of complexes e.g., [Cu40Sb12-
(PMe3)20] and [Cu45Sb16(PEt2Me)16], was achieved by reac-
tions of silylated stibanes with phosphane complexes of CuI

salts. For the heavier coinage metals, only very few com-
plexes with stibanes as ligands are known and a common
feature of them is the interaction of the coinage metal (Ag
or Au) with the lone pair of a neutral trisubstituted stib-
ane.[4]

In contrast to antimony, several examples for arsenic
anions bridging silver or gold centres are known.[5] The
silver arsinidene cluster [Ag14(AsPh)6Cl2(PEt3)8] or the iso-
structural complexes [Ag4(As4Ph4)2(PEt3)4] and [Au4-
(As4Ph4)2(PnPr3)4] can be obtained by the reaction of coin-
age metal salts with PhAs(SiMe3)2 in the presence of terti-
ary phosphanes.[6] This prompted us to attempt the synthe-
sis of silver and gold complexes containing antimony
anions. In the following first results of mixed-metal Ag/Sb
complexes are described.
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Results and Discussion

The reactions of silver nitrate with stibanes produced the
silver antimony compounds [Ag12{Sb(SiMe3)}6(PiPr3)6] (1),
[Ag4(Sb4Ph4)2(PiPr3)4] (2) and [Ag4(Sb6Ph6)2(PnBu3)4] (3)
(Scheme 1).

Scheme 1. Synthesis of the Ag/Sb complexes 1, 2 and 3.

The complex 1 crystallizes from diethyl ether as orange
blocks in the trigonal space group P3̄ with three molecules
in the unit cell. It can be described by a distorted triangular
antiprism of antimony atoms in which every edge is capped
by a silver atom (Ag1) (Figure 1). The other six silver atoms
(Ag2) are coordinated by phosphane ligands.

On each Sb atom a trimethylsilyl group is retained. The
Sb–Si bond length of 2.527(1) Å is in the range of com-
monly observed Sb–Si bond lengths.[2] The Sb–Ag distances
in 1 are also similar to reported average Ag–Sb distances of
2.72 Å in 75 compounds with most of them of the general
type [R3Sb–AgX] (R = organic group, X = anion).[7,8] The
stability of the cluster compounds increased when
PhSb(SiMe3)2 was used as antimony source. By the reaction
of AgNO3 with PhSb(SiMe3)2 and four equivalents of PiPr3

in diethyl ether the cluster compound [Ag4(Sb4Ph4)2-
(PiPr3)4] (2) is obtained as red crystals together with colour-
less blocks of the silver phosphane complex [Ag(NO3)-
(PiPr3)2] (Table 1) and [PhSb]6.[9] 2 crystallizes in the tri-
clinic space group P1̄ with one molecule in the unit cell and
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Figure 1. Molecular structure of 1 in the crystal (without C atoms
of phosphane ligands and disordered components). Selected bond
lengths [Å] and angles [°]: Sb(1)–Ag(1) 2.7183(6), Sb(1)–Ag(2)
2.754(1), Si(1)–Sb(1) 2.527(1), Ag(1)···Ag(2) 2.902(1), Ag(2)–P(1)
2.446(2), Si(1)–Sb(1)–Ag(1) 104.53(4), Si(1)–Sb(1)–Ag(2) 119.56(4),
Ag(1)–Sb(1)–Ag(2) 64.04(3), Sb–Ag(1)–Sb 171.86(2), P(1)–Ag(2)–
Sb(1) 133.90(5).

two lattice-bound ether molecules (Figure 2). The molecu-
lar structure of 2 is isostructural to the structure of
[Ag4(As4Ph4)2(PEt3)4] in the solid state.[6]

The structure of 2 can be described as a centrosymmetric
dimer of a [(PhSb)4]2– anion and two Ag-phosphane units.
Each [(PhSb)4]2– anion chelates Ag(1,1A) by terminal Sb
atoms. Ag(2) is coordinated by Sb atoms of different anions.
The longest Ag–Sb bond in 2, which is observed between
Sb(3) and Ag(1A), corresponds to distances commonly ob-
served between neutral stibanes and AgI centres.[4a,4b] These
interactions are slightly longer than bonds between silver
and terminal antimony atoms. The coordination sphere of

Table 1. Details of the X-ray data collection and refinements.

Compound 1 2 3 [Ag(NO3)(PiPr3)2]

Formula C72H180Ag12P6Sb6Si6 C92H144Ag4O2P4Sb8 C120H168Ag4P4Sb12 C18H42AgNO3P2

Formula weight 3425.46 2811.43 3626.90 490.34
T [K] 100(2) 110(2) 150(2) 150(2)
Crystal system trigonal triclinic triclinic triclinic
Space group R-3 P1̄ P1̄ P1̄
a [Å] 18.589(3) 13.176(4) 15.980(2) 8.3773(5)
b [Å] 18.589(3) 14.823(3) 16.758(3) 10.0485(7)
c [Å] 31.487(6) 15.128(4) 24.559(4) 14.485(1)
α [°] 90 65.508(19) 90.793(12) 95.259(6)
β [°] 90 77.09(2) 90.689(12) 95.940(6)
γ [°] 120 86.72(2) 90.960(12) 98.329(6)
V [Å3] 9423(3) 2618.7(12) 6574.7(17) 1192.93(14)
Z 3 1 2 1
µ [mm–1] 3.251 2.858 3.091 0.994
F(000) 4968 1368 3496 516
Reflections collected 22270 15930 43872 9274
Unique data 4122 9536 26763 5197
Rint 0.0499 0.0631 0.0454 0.0518
Parameters 159 509 673 238
wR2 (all data) 0.0950 0.0992 0.1499 0.1160
R1 [I�2σ(I)] 0.0364 0.0450 0.0570 0.0333
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Figure 2. Molecular structure of 2 in the crystal (without C atoms
of phosphane ligands). Final label letter A denotes the symmetry
operation –x, –y, –z +1. Selected bond lengths [Å] and angles [°]:
Sb(1)–Ag(2) 2.7220(10), Sb(1)–Ag(1) 2.7452(12), Sb(1)–Sb(2)
2.7987(11), Sb(2)–Sb(3) 2.8301(11), Sb(3)–Sb(4) 2.8031(12), Sb(3)–
Ag(1A) 2.8567(12), Sb(4)–Ag(2A) 2.7144(11), Sb(4)–Ag(1)
2.7463(10), Ag(1)–P(1) 2.454(2), Ag(2)–P(2) 2.430(2), Ag(2)–Sb(1)–
Ag(1) 118.18(3), Ag(2)–Sb(1)–Sb(2) 112.04(3), Ag(1)–Sb(4)–Sb(3)
92.09(3), Ag(1)–Sb(1)–Sb(2) 98.29(3), Sb(1)–Sb(2)–Sb(3) 89.24(3),
Sb(4)–Sb(3)–Sb(2) 95.32(3), P(1)–Ag(1)–Sb(1) 119.41(6), P(1)–
Ag(1)–Sb(4) 116.69(6), Sb(1)–Ag(1)–Sb(4) 109.63(4), P(1)–Ag(1)–
Sb(3A) 118.84(7), Sb(1)–Ag(1)–Sb(3A) 92.43(3), Sb(4)–Ag(1)–
Sb(3A) 95.03(3), P(2)–Ag(2)–Sb(4A) 128.74(7), P(2)–Ag(2)–Sb(1)
133.03(7), Sb(4A)–Ag(2)–Sb(1) 98.15(3).

the four silver atoms is completed by additional PiPr3 li-
gands. The formation of the [(PhSb)4]2– anion in 2 is intri-
guing, and it is currently assumed that 2 represents an inter-
mediate of the AgI-induced oxidation of PhSb(SiMe3)2 to
cyclo-[PhSb]6. The Sb–Sb distances are in the range of re-
ported Sb–Sb bond lengths of about 2.8 Å.[9]
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The use of the phosphane PnBu3 instead of PiPr3 leads

to the cluster compound [Ag4(Sb6Ph6)2(PnBu3)4] (3). Com-
pound 3 crystallizes in the triclinic space group P1̄ with two
molecules in the unit cell (Figure 3).

Figure 3. Molecular structure of 3 in the crystal (without organic
substituents). Selected bond lengths [Å] and angles [°]: Sb(1)–Ag(2)
2.7462(11), Sb(1)–Ag(1) 2.7635(10), Sb(3)–Ag(4) 2.9944(10), Sb(4)–
Ag(2) 2.9331(12), Sb(6)–Ag(4) 2.7433(10), Sb(6)–Ag(3) 2.7853(11),
Sb(7)–Ag(1) 2.7248(11), Sb(7)–Ag(4) 2.7620(12), Sb(1)–Sb(2)
2.8012(10), Sb(2)–Sb(3) 2.8234(10), Sb(3)–Sb(4) 2.8446(10), Sb(4)–
Sb(5) 2.8197(10), Sb(5)–Sb(6) 2.7868(10), Sb(7)–Sb(8) 2.7946(9),
Sb(8)–Sb(9) 2.8161(10), Sb(9)–Sb(10) 2.8359(11), Sb(9)–Ag(3)
2.9445(11), Sb(10)–Sb(11) 2.8354(10), Sb(10)–Ag(1) 2.9237(11),
Sb(11)–Sb(12) 2.8035(11), Sb(12)–Ag(2) 2.7631(10), Sb(12)–Ag(3)
2.7666(11), Ag–P 2.459(3)–2.481(3), Sb–Sb–Sb 88.06(3)–92.95(3).

The molecular structure of 3 consists like 2 of two oligo-
[(PhSb)6]2– anions and four Ag atoms. Compound 3, how-
ever, represents, in comparison to 2, an intermediate where
the [PhSb]6 chain is preformed at metal centres and “ready
to cyclize” to cyclo-[PhSb]6, which is formed in all the inves-
tigated reactions between AgI salts and PhSb(SiMe3)2. The
almost tetrahedral arrangement of the four Ag atoms in
3 is favoured by the sterically demanding anions over the
centrosymmetric arrangement in the solid-state structure of
2 or other possibilities. Each of the [(PhSb)6]2– anions in
3 chelates two Ag atoms forming five-membered rings as
observed in 2 and all Ag atoms are coordinated by Sb
atoms of both dianions. Bond lengths between silver atoms
and inner antimony atoms in 3 are ca. 0.2 Å longer than
distances Ag–Sb(terminal).

Conclusions

In this contribution the first examples of silver complexes
containing antimony anions are reported. A common fea-
ture of the compounds is their thermal instability and
rather difficult syntheses. Currently, attempts are made to
optimise the reactions towards a selective formation of a
particular complex in high yield in order to allow subse-
quent investigations of physical properties.

Experimental Section
General Remarks: All operations were carried out under purified
nitrogen. Hexane and diethyl ether were dried with LiAlH4 and
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freshly distilled. AgNO3 and PnBu3 were purchased from Sigma–
Aldrich. PnBu3 was distilled prior use. PiPr3, PhSb(SiMe3)2 and
Sb(SiMe3)3 were prepared according to published procedures.[10]

1: AgNO3 (0.18 g, 1.06 mmol) was dissolved in Et2O (15 mL) and
PiPr3 (0.79 mL, 4.2 mmol) by briefly heating to reflux. The clear,
colourless solution was cooled to –78 °C and Sb(SiMe3)3

(1.467 mL, 0.66 mmol, 0.45 mol/L in hexane) was added. The
brown reaction mixture was stored at –78 °C for four days. Sensi-
tive red crystals of 1 could be isolated for crystallographic measure-
ments.

2: AgNO3 (0.18 g, 1.06 mmol) was dissolved in Et2O (15 mL) and
PiPr3 (0.79 mL, 4.2 mmol) by briefly heating to reflux. The clear,
colorless solution was cooled to –78 °C and PhSb(SiMe3)2

(0.27 mL) was added. The brown reaction mixture was stored at
–78 °C for one day. Then it was warmed up to –40 °C. After one
week red crystals of 2 besides colourless crystals of the silver phos-
phane complex could be isolated for crystallographic measure-
ments.

3: AgNO3 (0.18 g, 1.06 mmol) was dissolved in Et2O (15 mL) and
PiPr3 (0.79 mL, 4.2 mmol) by briefly heating to reflux. The clear,
colorless solution was cooled to –78 °C and PhSb(SiMe3)2

(0.27 mL) was added. The brown reaction mixture was stored at
–78 °C for one day. Then it was warmed up to –8 °C. After three
weeks red crystals of 3 could be isolated for crystallographic mea-
surements.

Due to thermal instability of 1–3 (slow decomposition even at
–80 °C) characterization was restricted to X-ray crystallography.

X-ray Crystallographic Study: Data were collected with a STOE
IPDS II diffractometer by using graphite-monochromated Mo-Kα

radiation (λ = 0.71073 Å). The structures were solved by direct
methods and refined by full-matrix least-squares on F2 (all data)
using the SHELXTL programme package (Table 1).[11] Hydrogen
atoms were placed in calculated positions, non-hydrogen atoms
were assigned anisotropic thermal parameters. Disordered compo-
nents were refined with isotropic thermal parameters.

CCDC-627012 to -627014 and CCDC-627632 contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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