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Abstract

The reaction of Na2[Fe(CO)4] · xTHF with Ag2(dppm)2(NO3)2 and Au2(dppm)2Cl2, respectively affords the new [Ag3{m3-
Fe(CO)4}(dppm)3][NO3] and [Au3{m-Fe(CO)4}(dppm)2][Cl] derivatives in high yields. These have been crystallised either from
dichloromethane or THF by precipitation with hexane and an X-ray diffraction study has unambiguously shown that the Fe(CO)4

unit is triply bridging in [Ag3{m3-Fe(CO)4}(dppm)3]+ and doubly bridging in [Au3{m-Fe(CO)4}(dppm)2][Cl]. The [Ag3{m3-
Fe(CO)4}(dppm)3]+ cation has also been obtained from degradation of [Ag13{m3-Fe(CO)4}8]3− with dppm. However, this
preparation is less convenient owing to concomitant formation of iron carbonyl anions as side-products. © 1999 Elsevier Science
S.A. All rights reserved.
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1. Introduction

A great number of neutral, anionic and cationic
Au–Fe clusters, containing phosphine as ancillary lig-
and for gold, are known [1–3]. A few relevant examples
with mono-dentate phosphine ligands are Au2Fe(CO)4

(PPh3)2 [4,5], Au2Fe(CO)4(PcHex3)2 [6], [Au3Fe(CO)4

(PcHex3)3]+ [6], [Au{Fe2(CO)8}PPh3]− [7], and
[Au{Fe3(CO)11}PPh3]− [8]. Bidentate phosphine lig-
ands (P�P) such as bis-diphenylphosphine-methane
(dppm) and bis-diphenylphosphine-ethane (dppe) has
enabled the isolation of higher nuclearity species, e.g.
Au4{Fe(CO)4}2(P�P)2 [9], [Au3{Fe(CO)4}2(P�P)]−

[10], [Au5{Fe(CO)4}2(P�P)2]+ [10], Au2{Fe2(CO)8}-

(dppm) [11], and [Au2{Fe2(CO)8}2(P�P)]2− [11]. In all
the above compounds the gold atoms are always coor-
dinated by a single phosphorus atom. The length of the
hydrocarbon spacer between the two phosphorus atoms
of P�P seems to affect only the stability of a given
species [11], and the geometry of the metal framework
[9]. The corresponding chemistry of silver congeners has
received much less attention [1,3]. To our knowledge
the only relevant species are the neutral Ag6Fe3(CO)12-
{(PPh2)3CH} [12] and Ag8{Fe(CO)4}4(dppm)2 com-
pounds [13].

During the investigation of the synthesis of
Ag8{Fe(CO)4}4(dppm)2 we have obtained spectroscopic
evidence of the existence of other silver clusters sta-
bilised concomitantly by Fe(CO)4 and dppm ligands.
We now report the synthesis and characterisation of the
new [Ag3{m3-Fe(CO)4}(dppm)3]+ cationic cluster; re-
lated attempts to synthesise the corresponding gold
congener led to the isolation and characterisation of the
[Au3{m-Fe(CO)4}(dppm)2][Cl] cluster, which differs
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from the former in the stoichiometry, as well as in the
stereochemistry of the Fe(CO)4 moiety.

2. Results and discussion

2.1. Synthesis and molecular structure of
[Ag3{m3-Fe(CO)4}(dppm)3][NO3]

The [Ag3{m3-Fe(CO)4}(dppm)3]+ cation has been se-
lectively obtained by reaction of [Ag2(dppm)2][NO3]2
with Na2[Fe(CO)4] · xTHF in THF according to Eq.
(1). The only side product detectable by IR during the
reaction is Ag8{Fe(CO)4}4(dppm)2, which is generally
present only in trace amounts.

2[Fe(CO)4]2− +3[Ag2(dppm)2]2+

�2[Ag3{m3-Fe(CO)4}(dppm)3]+ (1)

The [Ag3{m3-Fe(CO)4}(dppm)3][NO3] salt has been
isolated by filtration of the reaction solution, evapora-
tion under vacuum of the THF and washing of the
residue with water and toluene. Extraction in
dichloromethane of the residue and precipitation by
diffusion of hexane affords in :85% yields yellow-or-
ange crystals of [Ag3{m3-Fe(CO)4}(dppm)3][NO3] and
[Ag3{m3-Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O as
two different crystalline forms. These crystals are solu-
ble in most polar organic solvents and sparingly soluble
or insoluble in water and non polar solvents such as
hexane and toluene. In dichloromethane solution the
[Ag3{m3-Fe(CO)4}(dppm)3]+ cation shows infrared car-
bonyl absorptions at 1984s and 1849 vs cm−1. The
31P-NMR spectrum in d6-acetone displays a very com-
plex temperature-dependent pattern at d 0–10 ppm
(83% H3PO4 as reference), due to 31P–107Ag, 31P–109Ag
and 31P–31P couplings, which have previously been
shown to extend over three bond distances in dinuclear
and trinuclear carboxylate silver phosphine complexes
[14]. In view of the chemical and spectroscopic com-
plexity of these systems, investigations of 31P-NMR
spectra of [Ag3{m3-Fe(CO)4}(dppm)3]+ and its related
Ag–Fe and Au–Fe diphosphine clusters [10,13] are
delayed until their chemistry will be clarified in some
more detail.

An Ag3{m3-Fe(CO)4} moiety, as that found in the
[Ag3{m3-Fe(CO)4}(dppm)3]+ cation (see next), is the
building motif of the [Ag13{m3-Fe(CO)4}8]3� anion [15].
Accordingly, the degradation with dppm of the latter
affords the former; the degradation is complete only in
the presence of excess dppm and gives rise to
[Fe(CO)4]2� and [HFe(CO)4]� anions as additional car-
bonyl products. Their presence hampers the purification
of the [Ag3{m3-Fe(CO)4}(dppm)3]+ salts and, as a con-
sequence, this alternative synthesis is less convenient
than the above.

Fig. 1. Molecular structure of the [Ag3{m3-Fe(CO)4}(dppm)3]+ cation
present in [Ag3{m3-Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O.

The molecular structure of the [Ag3{m3-
Fe(CO)4}(dppm)3]+ cation is shown in Fig. 1, and
relevant bond lengths and angles are reported in Table
1. The inner core of the cluster cation consists of an
Ag3 triangle with one face capped by an Fe(CO)4 group
adopting a C3v geometry. Each edge of the Ag3 triangle
is bridged by dppm ligands whose phenyl groups are
twisted in order to avoid steric hindrance. The metal
framework can be better described as an Ag3Fe tetrahe-
dron. The cluster has a valence electron count of 60, as
required by the EAN rule for the tetrahedron. The
Ag–Ag distances are in a narrow range 2.932, 2.964,
3.004(1) Å and shorter than those found in [Ag3(m3-
Br)2(dppm)3]+ (average 3.303 Å) [16], and in [Ag3(m3-
Cl)2(dppm)3]+ (average 3.378 Å) [17]. The
conformation of the three dppm ligands is influenced

Table 1
Selected bond lengths (Å) and angles (°) for [Ag3{m3-
Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O

Ag(1)�Ag(2) Ag(3)�P(2)3.004(1) 2.507(3)
2.964(1)Ag(1)�Ag(3) Ag(3)�P(5) 2.520(3)

Ag(2)�P(6)2.933(1)Ag(2)�Ag(3) 2.553(3)
2.794(2)Ag(1)�Fe Ag(2)�P(4) 2.537(3)
2.802(2)Ag(2)�Fe 1.76(1)Fe�C(1)
2.801(2)Ag(3)�Fe C(1)�O(1) 1.17(1)

Ag(1)�P(1) 1.76(1)2.564(3) Fe�C(2)
C(2)�O(2)2.543(3)Ag(1)�P(3) 1.17(1)

Fe�C(3) 1.73(1)Fe�C(4)1.76(1)
1.16(1)1.17(1) C(4)�O(4)C(3)�O(3)

112.2(1) 120.39(8)P(1)�Ag(1)�P(3) Fe�Ag(3)�P(2)
122.64(8)Fe�Ag(1)�P(1)P(4)�Ag(2)�P(6) 112.0(1)

122.54(8) 122.95(8)Fe�Ag(1)�P(3) Fe�Ag(2)�P(4)
109.31(1) 119.14(8)P(2)�Ag(3)�P(5) Fe�Ag(2)�P(6)

Fe�Ag(3)�P(5) 125.79(8)
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by the presence of the Fe(CO)4 group on one face of
the Ag3 triangle. In fact the phenyl rings of the diphos-
phines are almost axial on the less hindered face and
almost equatorial on the more hindered one on which
the Fe(CO)4 group is bonded. The three equatorial COs
of the C3v Fe(CO)4 moiety are staggered with respect to
the Ag3 plane. The Ag–Fe interactions (2.794, 2.802,
2.803(2) Å) are equivalent and longer than the distances
found in the neutral [Ag6{m3-Fe(CO)4}3{(Ph2P)3CH}]
[12], and [Ag13{m3-Fe(CO)4}8]3−/4− (average 2.69,
2.712 and 2.737 Å, respectively) [15,18]. All P atoms of
the dppm ligands are displaced out of the Ag3 plane
away from the m3-Fe(CO)4 group by 1.156, 1.097, 1.019,
0.639, 0.420, 0.380(3) Å, respectively.

The Ag2P2C rings are rather distorted and adopt
envelope conformations with the CH2 group of the
dppm ligand at the flap position. The CH2 groups point
towards the face of the Ag3 plane capped by Fe(CO)4.
The Ag–P interactions fall in the range 2.507–2.565(3)
Å. The shortest contact between the anion NO3

− and
the cluster cation is with one hydrogen atom of the
phenyl rings (O···H–C 2.56 Å) since the ‘free’ face of
the Ag3 plane is not accessible. The idealised molecular
symmetry is C3v, if the deformations induced by the
packing forces are ignored.

2.2. Synthesis and molecular structure of
[Au3{m-Fe(CO)4}(dppm)2][Cl]

The corresponding reaction of Au2(dppm)2Cl2 with
Na2[Fe(CO)4] · xTHF has a more complicated course,
and the nature of the final product greatly depends on
the molar ratio between the reagents. IR monitoring
shows that the reaction initially gives rise to the known
[Au3{m-Fe(CO)4}2(dppm)]− monoanion, which has
previously been isolated from the related reaction be-
tween Au2(dppm)Cl2 and Na2[Fe(CO)4] · xTHF [10].
According to Eq. (2), the reaction is complete after
addition of ca. 0.7 mol of Au2(dppm)2Cl2 mol−1 of
Na2[Fe(CO)4] · xTHF. Further addition of ca. 1.5 mol
of Au2(dppm)2Cl2 leads to the new [Au3{m-
Fe(CO)4}(dppm)2][Cl] derivative (Eq. (3)), through the
intermediate formation of a yet unknown species.

4[Fe(CO)4]2− +3[Au2(dppm)2]2+

�2[Au3{m-Fe(CO)4}2(dppm)]− +4dppm (2)

[Au3{m-Fe(CO)4}2(dppm)]− +1.5Au2(dppm)2Cl2

�2[Au3{m-Fe(CO)4}(dppm)2][Cl]+Cl− (3)

The [Au3{m-Fe(CO)4}(dppm)2][Cl] derivative has
been crystallised by layering of hexane on its THF
solution. The compound is soluble in dichloromethane,
THF and acetone, sparingly soluble or insoluble in
toluene, hexane and water. Its infrared spectrum is
almost insensitive to the solvent. This consists of three

Fig. 2. Molecular structure of [Au3{m-Fe(CO)4}(dppm)2][Cl].

distinct carbonyl absorptions which fall at 1996 s, 1924
s, 1896 ms cm−1 in THF, 1995 s, 1923 s and 1895 ms
cm−1 in CH3CN, and 1992 s, 1920 sh and 1890 s
(broad) cm−1 in DMSO. The invariance of the absorp-
tion frequencies on changing the dielectric constant of
the solvent suggests that the [Au3{m-
Fe(CO)4}(dppm)2][Cl] derivative is dissociated in solu-
tion. The 31P-NMR spectrum in d6-acetone displays
two multiplets centred at 33.8 and 39.1 ppm (83%
H3PO4 as reference) in agreement with the different
coordination sites of the two phosphorus atoms of
dppm.

In view of the structural relationship between the
[Ag3{m3-Fe(CO)4}(dppm)3]+ cation and the [Au3{m-
Fe(CO)4}(dppm)2][Cl] derivative (vide infra), it was of
interest to verify the possible occurrence in solution of
an equilibrium between the latter and a gold congener
of the former in the presence of free dppm ligand; no
trace of such equilibrium could be monitored by IR,
even upon addition of a fivefold excess of phosphine.

The molecular structure of the [Au3{m-
Fe(CO)4}(dppm)2][Cl] derivative is shown in Fig. 2 and
relevant bond lengths and angles are reported in Table

Table 2
Selected bond lengths (Å) and angles (°) for [Au3{m3-
Fe(CO)4}(dppm)2][Cl]

3.266(1)Au(1)�Au(2) Au(3)�P(3) 2.273(3)
Au(1)�Au(3) 3.556(1) Fe�C(1) 1.79(1)

3.044(1)Au(2)�Au(3) Fe�C(2) 1.77(1)
Au(2)�Fe 1.76(1)2.538(1) Fe�C(3)
Au(3)�Fe 1.76(1)Fe�C(4)2.518(2)

2.805(3)Au(1)�Cl C(1)�O(1) 1.16(1)
Au(1)�P(1) 2.306(3) C(2)�O(2) 1.14(1)

2.306(3) C(3)�O(3)Au(1)�P(4) 1.15(1)
2.281(2)Au(2)�P(2) C(4)�O(4) 1.16(1)

164.84(7)Fe�Au(3)�P(3) Cl�Au(1)�Au(2) 88.10(6)
Cl�Au(1)�Au(3) 85.77(7)Fe�Au(2)�P(2) 154.72(7)
C(1)�Fe�C(2) 149.7(5)P(1)�Au(1)�P(4) 150.21(8)
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2. The cluster consists of an irregular Au3 triangle in
which one edge is bridged by an Fe(CO)4 group
adopting a C2v geometry and the other two are
spanned by the two dppm ligands. The Fe atom lies
0.97 Å above the Au3 plane (dihedral angle between
Au(1)–Au(2)–Au(3) and Au(2)–Au(3)–Fe planes
28.58(5)°). The Au–Au distances spanned by the
diphosphine ligands are rather scattered (Au(1)–
Au(2) 3.266, Au(1)–Au(3) 3.556(1) Å) and compara-
ble with those found in the recently reported anion
[Au3{m-Fe(CO)4}2(dppm)]− [3.578(2) Å] [10]. The
Au–Au bond spanned by an Fe(CO)4 group is the
shortest in both compounds being 3.044(1) Å in the
case under study and 2.921(1) in the aforementioned
anion. The longest Au–Au distances among those
just cited are beyond the sum of the van der Waals
radii of gold (3.4 Å) [19]. The loosening of the Au-
Au interactions spanned by dppm ligands are not to
be attributed to the need of a wider ‘bite’ angle for
the dppm ligand since shorter Au-Au contacts have
been reported, for example in the neutral
Au2Fe2(CO)8(dppm) [11], and Au4{Fe(CO)4}2(dppm)2

(2.915 and 3.163(1) Å, respectively) [9]. A possible
explanation is that the Au–Au vectors are elongated
in order to widen the P(1)–Au(1)–P(4) angle as
close to 180° as possible, in view of the preferred
linear coordination of gold(I), and the small steric
relevance of the weak Au–Cl (see later) and Au–Au
contacts. Conversely the Au–Fe bonds (2.538 and
2.518(1) Å) are shorter than the corresponding values
observed in [Au3{m-Fe(CO)4}2(dppm)]− (range
2.545–2.576(1) Å, average 2.562).

The coordination of Au(I) in the solid state is
completed by a chloride ion lying almost orthogonal
to the Au3 plane and opposite to the Fe(CO)4 moi-
ety. The orientation of the Au–Cl interaction is very
probably dictated by steric factors. The Au(1)–Cl
distance (2.805(3) Å) is similar to that reported for
the dinuclear [Au2{Ph2PC(CH2)2PPh2}2Cl]+ (2.807(3)
Å) [20] and slightly weaker than those reported for
in [Au2(dppm)2Cl2] (2.771(4) Å) [21], and
[Au{Ph2PC(CH2)PPh2}Cl]2 (2.723(2) Å) [22]. Quite
significantly the chloride ion is in close contact with
the gold atom bearing the highest net charge, being
Au(2) and Au(3) bonded to the negatively charged
Fe(CO)4 unit. We choose to describe the Au(1)–Cl
interaction as primarily ionic because truly covalent
Au–Cl bonds are much shorter, for instance values
as short as 2.248(9) and 2.265(8) Å have recently
been reported for the [AuCl2]− anion [23].

The Au–P distances are normal and fall in the
range 2.273–2.306(3) Å being the two longer interac-
tions (2.306(1) Å) those involving Au(I). The molecu-
lar symmetry is approximately Cs.

3. Conclusion

Several anionic Ag–Fe carbonyl clusters are known
[15,18,24]. The syntheses of [Ag3{m3-Fe(CO)4}
(dppm)3]+ and previously reported complementary re-
sults [12,13] point out that neutral and cationic Ag–Fe
carbonyl clusters can be stabilised through the interven-
tion of bi- and tri-dentate phosphines as ancillary lig-
ands. Corresponding species with mono-dentate
phosphines, or related anionic clusters involving phos-
phines as ancillary ligands, are yet unknown probably
due to their instability. The cluster charge and the
bonding behaviour of the phosphine are much less
critical in the case of gold [4–11]. Among the so far
reported Au–Fe derivatives, the [Au3{Fe(CO)4}2

(P�P)]− (P�P=dppm, dppe) anion has a key role and
displays a great versatility as reagent. So far its reaction
with Au2(P�P)xCl2 (x=1, 2) enabled the syntheses of
Au4{Fe(CO)4}2(P�P)2 [9,10], [Au5{Fe(CO)4}2(P�P)2]+

[10], and [Au3{Fe(CO)4}(dppm)2][Cl], upon variation of
the molar ratio between the reagents and/or the reac-
tion solvent. Furthermore, as shown by its reactions
with uncoordinated Cu+ ions, which affords
Cu2Au6{Fe(CO)4}4(P�P)2 by further exploitation of
the bonding capability of the m-Fe(CO)4 moieties [25],
yet other species can be foreseen.

4. Experimental

All reactions including sample manipulations were
carried out using standard Schlenk techniques under
nitrogen and in carefully dried solvents. The
Na2[Fe(CO)4] · xTHF (x:2) salt was prepared ac-
cording to the literature [26]. Analyses of Fe, Ag and
Au were performed by atomic absorption on a Pye–
Unicam instrument. Infrared spectra were recorded on
a Perkin Elmer 1605 interferometer using CaF2 cells.
1H- and 31P-NMR spectra were recorded on a Varian
Gemini 300 MHz instrument.

4.1. Synthesis of [Ag3{m3-Fe(CO)4}(dppm)3][NO3]

Solid Na2[Fe(CO)4] · 2THF (0.51 g, 1.42 mmol) and
Ag2(dppm)2(NO3)2 (2.36 g, 2.13 mmol) were mixed in a
100 ml flask under a nitrogen atmosphere. Anhydrous
THF (40 ml) was added and the suspension was rapidly
stirred for 6 h. After this period of time IR monitoring
only showed the presence of the infrared absorptions of
[Ag3{m3-Fe(CO)4}(dppm)3]+. The suspension was
filtered and the resulting orange solution was evapo-
rated to dryness under vacuum. The residue was
washed with water (20 ml) and toluene (20 ml). Extrac-
tion of the residue with dichloromethane (40 ml) and
precipitation by diffusion of hexane (70 ml) gave 2.06 g
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of a mixture of [Ag3{m3-Fe(CO)4}(dppm)3][NO3] (pre-
dominant component) and [Ag3{m3-Fe(CO)4}(dppm)3]-
[NO3] · CH2Cl2 · H2O as yellow-orange crystals. The
analysis of the mixture gave the following results:
Found: Ag 18.41, Fe 3.18, C 55.04, H 3.80. Calcd for
[Ag3{m3-Fe(CO)4}(dppm)3][NO3]: Ag 19.0, Fe 3.27, C
55.59, H 3.87. 1H-NMR (d6-acetone, 25°C) at d 3.55
(m, 2 H, CH2) and 7.1–7.3 ppm (m, 10H, Ph).

4.2. Synthesis of [Au3{m-Fe(CO)4}(dppm)2][Cl]

Solid Na2[Fe(CO)4] · 2THF (0.27 g, 0.75 mmol) and
Au2(dppm)2Cl2 (1.4 g, 1.13 mmol) were mixed in a 100
ml flask under a nitrogen atmosphere. Anhydrous THF
(30 ml) was added and the suspension was rapidly
stirred for six hours. The resulting orange-red suspen-
sion was evaporated to dryness under vacuum and the
residue was washed with water (50 ml in portions) and
toluene (20 ml). Extraction of the residue with THF (40
ml) and precipitation by diffusion of hexane (70 ml)
gave 0.76 g of [Au3{m-Fe(CO)4}(dppm)2][Cl] as orange
crystals. Anal. Found: Au 37.41, Fe 3.32, C 41.37, H
2.78; Calcd for of [Au3{m-Fe(CO)4}(dppm)2][Cl]: Au
37.82, Fe 3.57, C 41.48, H 2.82. 1H-NMR (d6-acetone,
25°C) at d 3.65 (m, 2 H, CH2) and 7.4–7.8 ppm (m,
10H, Ph).

4.3. Crystal structures determination

Crystal data and details of the data collection for
[Ag3{m3-Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O and
for [Au3{m-Fe(CO)4}(dppm)2][Cl] are given in Table 3.
The diffraction experiments were carried out at r.t. on
a fully automated Enraf–Nonius CAD-4 diffractometer
using graphite-monochromated Mo–Ka radiation on
crystals sealed in Lindeman glass capillaries. The unit
cell parameters were determined by a least-squares
fitting procedure using 25 reflections. Data were cor-
rected for Lorentz and polarisation effects. No decay
correction was necessary. An empirical absorption cor-
rection was applied by using the azimuthal scan method
[27].

[Ag3{m3-Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O.
The space group P21/n was determined on the basis of
systematic absences. The positions of the metal atoms
were found by direct methods using the SHELXS 86
program [28] and all the non-hydrogen atoms located
from Fourier-difference maps. One dichloromethane
and one water molecule were also found in the asym-
metric unit. The phenyl rings of the diphoshine ligands
were refined as rigid hexagons (C–C 1.39, C–H 0.93 Å,
C–C–C 120°) and all the hydrogen atoms of the dppm
ligands added in calculated positions. The final refine-
ment on F2 proceeded by full-matrix least-squares cal-
culations (SHELXL 93) [29] using anisotropic thermal
parameters only for Ag, Fe, CO and NO3

− because of

Table 3
Crystal data and experimental details for [Ag3{m3-
Fe(CO)4}(dppm)3][NO3] · CH2Cl2 · H2O and [Au3{m-
Fe(CO)4}(dppm)2][Cl]

C79H66Ag3FeNO7P6Formula C54H44Au3ClFeO4

· CH2Cl2 · H2O P4

M 1562.971807.52
293(2)Temperature (K) 293(2)
0.71069Wavelength (Å) 0.71069
MonoclinicCrystal symmetry Monoclinic

Space group P21/n (No. 14) P21/n (No. 14)
Unit cell dimensions

13.427(2) 14.415(5)a (Å)
b (Å) 15.727(9)25.800(9)
c (Å) 24.349(6)22.61(1)

103.79(2)94.11(3)b (°)
Cell volume (Å3) 7811(5) 5631(4)
Z 44

1.537 1.937Dcalc (mg m−3)
1.169m (Mo–Ka) (mm−1) 8.662
3640F(000) 2960

Crystal size (mm) 0.25×0.35×0.37 0.25×0.30×0.32
u Limits (°) 2–20 2–20

vScan mode v

Reflections collected 7227 (+h, +k, 9 4605(9h, +k,
+l)l)

Unique observed reflec- 37084500
tions [Fo\4s(Fo)]

1.003Goodness-of-fit on F2 1.021
R1(F)a, wR2(F2)b 0.0480, 0.1248 0.0249, 0.0654

a=0.0483, b=Weighting scheme a=0.0856, b=
9.336b34.389b

Largest difference peak 0.541 and −0.789 and −0.538
0.567and hole (e Å−3)

a R1=S
Fo�−�Fc�/S�Fo�.
b wR2= [Sw(Fo

2−Fc
2)2/Sw(Fo

2)2]1/2 where w=1/[s2(Fo
2)+(aP)2+bP ]

where P= (Fo
2+2Fc

2)/3.

the limited number of observed data. The methylene
and the phenyl H atoms were assigned an isotropic
thermal parameter 1.2 times Ueq of the carbon atoms to
which they were attached. In the final Fourier-differ-
ence map the electron density was found in the range
−0.54 and 0.86 e Å−3.

Another data set had previously been collected for
[Ag3{m3-Fe(CO)4}(dppm)3][NO3]: a=12.70(1), b=
14.354(7), c=22.37(1) Å, a=94.89(4), b=99.95(5),
g=101.09(7)°, triclinic, space group P1( , V=3910(5)
Å3, Z=2, R1=0.0763, wR2=0.1889. Because of the
better quality of the former data set and of the fact that
the two crystals contained the same species crystallised
with and without solvents, respectively only the more
accurate molecular structure, determined in the mono-
clinic crystals, is reported here.

[Au3{m-Fe(CO)4}(dppm)2][Cl]. The space group P21/
n was determined on the basis of systematic absences.
The positions of the metal atoms were found by direct
methods using the SHELXS 86 program [28] and all the
non-hydrogen atoms located from Fourier-difference
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maps. The phenyl rings of the diphoshine ligands were
treated as for [Ag3{m3-Fe(CO)4}(dppm)3][NO3] ·
CH2Cl2 · H2O. The final refinement on F2 proceeded
by full-matrix least-squares calculations (SHELXL 93)
[29] using anisotropic thermal parameters for all the
non hydrogen atoms.

A complete list of bond lengths and angles, and
tables of hydrogen coordinates and anisotropic dis-
placement parameters, have been deposited at the Cam-
bridge Crystallographic Data Centre.
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