
DALTON

J. Chem. Soc., Dalton Trans., 1997, Pages 1515–1520 1515

Reaction of [Os3(ì-H)2(CO)10] with trans-[Pd(NH3)2I2]; molecular
structures of [Os6Pd(ì-H)8(CO)18], [Os4Pd(ì-H)4(CO)12(ì-I)2],
[Os4Pd(ì-H)3(CO)12(ì-I)3] and [{Os3Pd(ì-H)3(CO)9(ì-I)}2]
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Reaction of the co-ordinatively unsaturated cluster [Os3(µ-H)2(CO)10] with trans-[Pd(NH3)2I2] afforded the
complexes [Os6Pd(µ-H)8(CO)18] 1, [Os4Pd(µ-H)4(CO)12(µ-I)2] 2, [Os4Pd(µ-H)3(CO)12(µ-I)3] 3 and [Os3(CO)12] in
moderate yields. Thermolysis of 2 in refluxing chloroform produced 3 and the linked cluster [{Os3Pd(µ-H)3(CO)9-
(µ-I)}2] 4. Complexes 1–4 were fully characterised by IR and 1H NMR spectroscopy, mass spectrometry, elemental
analysis and X-ray crystallography. The structures of 1 and 2 are based on vertex-shared condensed polyhedra
with the palladium atoms at the vertex-sharing sites. The molecular structure of complex 1 consists of a central
palladium atom sandwiched between two triosmium units. Complexes 2 and 3 possess a similar metal disposition
in which an {Os3Pd} tetrahedron bridges to a mononuclear ‘Os(CO)3’ moiety via two and three bridging iodide
ligands respectively. Complex 4 is dimeric with two {Os3Pd} tetrahedra tied together by two bridging iodide
ligands.

Bimetallic clusters of palladium and osmium are of interest as
the palladium ion can attain either a 16- or an 18-electron con-
figuration which is an important feature for catalytic processes.
On the other hand, osmium clusters display very rich chemistry
and are kinetically stable, thus allowing for easy isolation
and characterisation. In a different context, polar osmium–
palladium bonds make it possible selectively to observe lig-
ands binding to different metal centres. Although the chemistry
of osmium–nickel and –platinum hydride clusters is well
documented,1–5 much less attention has been paid to hetero-
nuclear clusters containing palladium–osmium bonds and this
has become an ongoing area of research interest in our
group.6–9

We are interested in the mixed-metal carbonyl cluster chem-
istry of palladium and osmium. Previously, we reported the
reactions of [Pd(bipy)(O2CMe)2] (bipy = 2,29-bipyridine) with
the activated triosmium clusters [Os3(CO)10(MeCN)2] and
[Os3(µ-H)2(CO)10], which yielded [Os6Pd(CO)18(bipy)] 6 and
[{(bipy)Pd}2Os3(CO)12]

7 respectively. Also, the reaction of [Os3-
(µ-H)2(CO)10] with trans-[Pd(py)2Cl2] (py = pyridine) was found
to yield a series of hydrido heterometallic complexes with a
common {Os3Pd} tetrahedral unit.8,9 We believe the presence of
a N-donor ligand stabilises these kinds of mixed-metal clusters.

In this paper, we report the reaction of the unsaturated tri-
osmium cluster [Os3(µ-H)2(CO)10] with a palladium reagent
containing N-donor ligands, namely, trans-[Pd(NH3)2I2], which
produces a family of new osmium–palladium hydride clusters.

Results and Discussion
From the reaction of [Os3(µ-H)2(CO)10] with the complex trans-
[Pd(NH3)2I2] in tetrahydrofuran (thf) at 25 8C, we have isolated
three new osmium–palladium carbonyl cluster complexes:
[Os6Pd(µ-H)8(CO)18] 1, [Os4Pd(µ-H)4(CO)12(µ-I)2] 2, [Os4Pd-
(µ-H)3(CO)12(µ-I)3] 3 and the known osmium cluster [Os3(CO)12].
Thermolysis of 2 at 61 8C in CHCl3 produced 3 and the linked
cluster [{Os3Pd(µ-H)3(CO)9(µ-I)}2] 4. The four products 1–4
were characterised by both spectroscopic and crystallographic
techniques.

Spectroscopic analyses of the complexes 1–4

The spectroscopic (IR, 1H NMR, mass) (Table 1) and analytical

data for the four new compounds are fully consistent with the
solid-state structures. The solution IR spectra in the region
1600–2200 cm21 show only terminal carbonyl absorptions. In
addition, the negative FAB mass spectra of 1–4 show the parent
ion peaks at m/z = 1760, 1461, 1587 and 2203 respectively, with
each showing stepwise losses of carbonyls.

The presence of metal hydrides in all the complexes is con-
firmed by 1H NMR spectroscopy. Based on results of the struc-
tural analyses of the compounds (see below), the signals are
assigned to the appropriate protons (see Table 1). They are
located in chemically reasonable positions. For complex 1,
three different metal hydride signals are observed with a total
integration of eight hydride ligands. The appearance of these
three singlets is a consequence of three chemically equivalent
environments the ligands are subjected to. Presumably, this is
caused by the fluxional processes in solution involving either
edge–edge hydride migration or internal rotation of the cluster
fragment.10 The upfield signal at δ 216.37 is assigned to the
three hydrides bridging the Os]Os bonds of the {Os3Pd} unit.
The signal at δ 212.72 corresponds to the hydrides bridging
the Os(4)]Os(5) and Os(4)]Os(6) bonds and lying approxi-
mately in the plane of this Os3 unit. The more downfield signal
at δ 29.44 is assigned to the hydrides bridging the Pd]Os
bonds. These assignments are based on resonances observed
for hydride ligands in other osmium–palladium carbonyl
clusters 9 and are also consistent with those in complexes 2–4
(see below).

Table 1 Spectroscopic data for complexes 1–4

Complex
IR Spectra,a

ν̃(CO)/cm21
Mass spectra b

(m/z)

1H NMR
spectra c (δ)

1

2

3

4

2099w, 2087s,
2069m, 2038w,
2023s
2082m, 2068s,
2055m, 2035m,
2021s
2107m, 2088s,
2069m, 2026s,
2108m, 2088s,
2065m, 2019s

1760 (1759)

1461 (1463)

1587 (1586)

2203 (2202)

29.44 (s, 3 H)
212.72 (s, 2 H)
216.37 (s, 3 H)
29.75 (s, 1 H)

216.12 (s, 3 H)

216.29 (s, 3 H)

216.01 (s, 6 H)

a In CH2Cl2. 
b Negative FAB, simulated values in parentheses. c In

CDCl3.
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Two hydride signals are observed in the spectrum of 2. As in
1, the upfield singlet (δ 216.12) originates from the bridging
hydrides in the Os3 triangle. The signal due to the bridging
hydride across the Os]Pd bond appears at δ 29.75. Again, the
upfield hydride signals of 3 and 4 are ascribed to those bridging
the edges of the Os3 triangle. However, the spectroscopic evi-
dence discussed so far does not allow definitive assignment of
the structures of these compounds; thus X-ray crystallographic
analyses were carried out in each case.

Crystallographic analyses of complexes 1–3 and 4?CH2Cl2

Dark red crystals of 1 of  good X-ray quality were grown from a
CH2Cl2–n-hexane solution of the complex. A perspective view
of the molecular structure of 1 is shown in Fig. 1. Selected
interatomic distances and angles are listed in Table 2. The clus-
ter can be viewed as a combination of two {Os3Pd} tetrahedra
sharing a common Pd vertex with the two osmium triangles
arranged in a staggered conformation. The corresponding plat-
inum analogue [Os6Pt(µ-H)8(CO)18] has been synthesised by
Adams et al.11 from hydrogenation of [Os4Pt2(CO)18], whilst a
similar ‘sandwich-type’ arrangement is also observed in
[Hg{Pt3(2,6-Me2C6H3NC)6}2]

12 and [M{Pt(µ-CO)3L3}2]
1 (M =

Cu,10 Ag 13 or Au;14 L = tertiary phosphine). The Os]Os bond
lengths for complex 1 range from 2.862(2) to 3.039(2) Å {cf.

Fig. 1 Molecular structure of complex [Os6Pd(µ-H)8(CO)18] 1 with the
atom numbering scheme

Table 2 Selected bond lengths (Å) and angles (8) for compound 1

Os(1)]Os(2)
Os(2)]Os(3)
Os(4)]Os(6)
Pd]Os(1)
Pd]Os(3)
Pd]Os(5)

2.873(2)
2.862(2)
3.009(2)
2.691(3)
2.709(3)
3.003(3)

Os(1)]Os(3)
Os(4)]Os(5)
Os(5)]Os(6)
Pd]Os(2)
Pd]Os(4)
Pd]Os(6)

2.864(2)
3.039(2)
2.908(2)
2.704(3)
3.305(3)
2.990(3)

Os(2)]Os(1)]Os(3)
Os(1)]Os(3)]Os(2)
Os(4)]Os(5)]Os(6)
Os(1)]Pd]Os(2)
Os(2)]Pd]Os(3)
Os(4)]Pd]Os(6)

59.85(5)
60.22(5)
60.74(5)
64.34(7)
63.83(7)
59.92(6)

Os(1)]Os(2)]Os(3)
Os(5)]Os(4)]Os(6)
Os(4)]Os(6)]Os(5)
Os(1)]Pd]Os(3)
Os(4)]Pd]Os(5)
Os(5)]Pd]Os(6)

59.92(5)
57.49(5)
61.77(5)
64.06(7)
60.43(6)
58.06(6)

2.877(3) Å in [Os3(CO)12]
15}. In addition to the Os]Os bonds,

there are two types of heterometallic Os]Pd bonds in com-
pound 1: (i) non-bridging Os(1)]Pd, Os(2)]Pd and Os(3)]Pd
with an average bond distance of 2.701(3) Å and (ii) singly
hydrido-bridged Os(4)]Pd, Os(5)]Pd and Os(6)]Pd with an
average bond distance of 3.099(3) Å. As expected, the non-
bridging bonds are the shortest of the two types.16,17 In addition
to the hydride ligands, there are 18 terminal carbonyl ligands,
three on each osmium atom. Thus, compound 1 contains 102
valence electrons, and obeys Mingos’ theory of condensed
polyhedra.18

Bright red crystals of 2 suitable for structural analysis were
grown by slow evaporation of a CH2Cl2–n-hexane solution. The
molecular structure of 2 is shown in Fig. 2, with selected bond
lengths and angles given in Table 3. The metal core of 2 consists
of an {Os3Pd} tetrahedron with the palladium atom bonded to
an additional osmium atom through two bridging iodide and
one bridging hydride ligands. Of the four mixed-metal bonds
found in the structure, three of them are non-bridging with
distances only slightly shorter than those found in 1 [2.674(4)–
2.678(4) Å]. The Os(4)]Pd bond is triply bridged by a hydride
and two iodide ligands, this results in a lengthening of the
bond [2.915(4) Å]. The Os]Os bond lengths fall in the range
2.857(3)–2.876(3) Å which are comparable to those found in
1. Complex 2 is electron deficient and contains a total of 76

Fig. 2 Molecular structure of complex [Os4Pd(µ-H)4(CO)12(µ-I)2] 2 with
the atom numbering scheme

Table 3 Selected bond lengths (Å) and angles (8) for compound 2

Os(1)]Os(2)
Os(2)]Os(3)
Os(2)]Pd
Os(4)]Pd
Os(4)]I(2)
Pd]I(2)

2.857(3)
2.876(3)
2.678(4)
2.915(4)
2.762(4)
2.832(5)

Os(1)]Os(3)
Os(1)]Pd
Os(3)]Pd
Os(4)]I(1)
Pd]I(1)

2.858(3)
2.676(4)
2.674(4)
2.760(4)
2.829(5)

Os(2)]Os(1)]Os(3)
Os(1)]Os(3)]Os(2)
Os(1)]Pd]Os(2)
Os(2)]Pd]Os(4)
Os(4)]I(1)]Pd

60.44(7)
59.76(7)
64.6(1)

128.7(2)
62.9(1)

Os(1)]Os(2)]Os(3)
Os(1)]Pd]Os(2)
Os(2)]Pd]Os(3)
Os(3)]Pd]Os(4)
Os(4)]I(2)]Pd

59.81(7)
64.5(1)
65.0(1)

128.5(2)
62.8(1)

http://dx.doi.org/10.1039/a608596b


J. Chem. Soc., Dalton Trans., 1997, Pages 1515–1520 1517

valence electrons, but should contain 78 if  the effective atomic
number rule is to be complied with. The unsaturation may be
localised on Pd which adopts a 16-electron configuration
instead of the anticipated 18-electron configuration.19 In most
cases, the associated metal–metal bonds would be expected to
show a shortening effect caused by such electron deficiency.
However, in this case, such shortening is not observed, which
may be due to the counterbalancing effect of two bridging
iodide and one hydride ligands across this bond. In addition to
the hydride and iodide ligands, there are 12 terminal carbonyl
groups, three on each osmium atom.

An X-ray crystallographic study was undertaken on a red
single crystal obtained from a CH2Cl2–n-hexane solution of 3.
The molecular structure of 3 is shown in Fig. 3, together with
some important bond parameters in Table 4. The crystal struc-
ture of complex 3 has a metal disposition similar to that of
complex 2. It contains a basic {Os3Pd} unit with the fourth
osmium clamped to the palladium by three iodide ligands, with
no formal Os]Pd bond expected between Os(4) and the pal-
ladium atom [Os(4) ? ? ? Pd 3.52(1) Å]. All the Os]Os bonds are
bridged by hydride ligands in the tetrahedron, with three ter-
minal carbonyls on each osmium atom. Complex 3 is also elec-

Fig. 3 Molecular structure of complex [Os4Pd(µ-H)3(CO)12(µ-I)3] 3 with
the atom numbering scheme

Table 4 Selected bond lengths (Å) and angles (8) for compound 3

Os(1)]Os(2)
Os(2)]Os(3)
Os(2)]Pd
Os(4)]I(1)
Os(4)]I(3)
Pd]I(2)
Os(4) ? ? ? Pd

2.866(2)
2.871(2)
2.690(3)
2.732(3)
2.746(3)
2.845(4)
3.52(1)

Os(1)]Os(3)
Os(1)]Pd
Os(3)]Pd
Os(4)]I(2)
Pd]I(1)
Pd]I(3)

2.872(2)
2.683(3)
2.675(3)
2.734(3)
2.866(4)
2.956(4)

Os(2)]Os(1)]Os(3)
Os(1)]Os(3)]Os(2)
Os(1)]Os(2)]Pd
Os(1)]Os(3)]Pd
I(1)]Os(4)]I(3)
Os(4)]I(1)]Pd
Os(4)]I(3)]Pd
Os(1)]Pd]Os(3)

60.05(5)
59.87(5)
57.64(8)
57.71(7)
88.20(9)
77.85(9)
76.10(9)
64.82(8)

Os(1)]Os(2)]Os(3)
Os(3)]Os(1)]Pd
Os(3)]Os(2)]Pd
I(1)]Os(4)]I(2)
I(2)]Os(4)]I(3)
Os(4)]I(2)]Pd
Os(1)]Pd]Os(2)
Os(2)]Pd]Os(3)

60.08(5)
57.46(7)
57.40(7)
87.57(10)
87.80(9)
78.18(10)
64.47(8)
64.70(8)

tron deficient with a total of 76 valence electrons. We believe
that this electron deficiency may be again associated with the
Os]Pd bond, which is relatively short [average 2.683(6) Å] as
compared with those unsupported bonds found in 1 [average
2.701(3) Å].

The reactivity studies of complexes 1 and 3 are hampered
because of their relatively low yields. However, thermolysis of 2
in refluxing CHCl3 produced 3, [{Os3Pd(µ-H)3(CO)9(µ-I)}2] 4
and the known complex [Os4(µ-H)2(CO)13] in moderate yields.
The molecular structure of complex 4 together with the atom
labelling scheme is depicted in Fig. 4, while selected bond
lengths and angles are in Table 5. The cluster can be viewed as a
combination of two {Os3Pd} tetrahedra linked together by
two bridging iodide ligands. Clusters with identical metal
cages connected by a similar linkage have been obseved in
[(HgBr)2{Pt3(CO)3[PPh(C6H11)2]3}2(µ-HgBr)2]

20 and [{Os3Pd-
(µ-H)2(CO)9(µ-Cl)}2Cl2].

9 For the latter, the central cluster core
consists of a square planar arrangement of {Pd2Cl2}. However,
for complex 4, the central cluster core {Pd2I2} unit deviates
from planar geometry and adopts a puckered conformation,
which is rarely observed in other known {Pd2X2} (X = Cl, Br or
I) cluster cores.21,22 The dihedral angle between the planes of
[Pd(1), I(1), I(2)] and [Pd(2), I(1), I(2)] is 128.48. A similar
dibromo-bridge is also observed in the Ru]Hg complex
[{Ru3(CO)9(C2But)}2(µ-HgBr)2]

23 which, while dimeric in the
solid state, is monomeric in solution. In contrast, complex 4 is
dimeric in both the solid and solution states, as suggested from
the fast atom bombardment (FAB) mass spectrum. Each tetra-
hedral unit possesses 60 cluster valence electrons (CVE) consti-
tuting a total of 120 CVE to the entire molecule, and is thus
electron precise.

Scheme 1 summarises the products in the reaction. It is inter-
esting that the clusters 1–4 all possess a basic tetrahedral
unit {Os3Pd(µ-H)3(CO)9}. A similar basic skeleton {Os3M-
(µ-H)3(CO)9} (M = Ni or Pt) has been observed in the mixed-
metal clusters isolated from reactions of [Os3(µ-H)2(CO)10] with
complexes of nickel and platinum.24–29 We believe that system-
atic cluster build-up using {Os3M(µ-H)3(CO)9} should be
possible although we are unable to isolate the simple hydride
clusters of {Os3Pd(µ-H)4(CO)x} (x = 10 or 11) from this reaction.

Experimental
Materials

All reactions and manipulations were carried out under an inert
atmosphere using standard Schlenk techniques. Solvents were
purified by standard procedures and freshly distilled prior to
use. All chemicals, except where stated, were purchased com-
mercially and used as received. The complex [Os3(µ-H)2(CO)10]
was prepared by the literature method.30 Infrared spectra were

Table 5 Selected bond lengths (Å) and angles (8) for compound 4

Os(1)]Os(2)
Os(1)]Pd(1)
Os(2)]Pd(1)
Os(4)]Os(5)
Os(4)]Pd(2)
Os(5)]Os(6)
I(1)]Pd(1)
I(2)]Pd(1)

2.889(1)
2.675(2)
2.673(2)
2.796(2)
2.699(2)
2.859(1)
2.699(3)
2.706(3)

Os(1)]Os(3)
Os(2)]Os(3)
Os(3)]Pd(1)
Os(4)]Os(6)
Os(5)]Pd(2)
Os(6)]Pd(2)
I(1)]Pd(2)
I(2)]Pd(2)

2.839(2)
2.814(1)
2.681(3)
2.883(2)
2.691(3)
2.659(2)
2.708(3)
2.684(3)

Os(2)]Os(1)]Os(3)
Os(3)]Os(1)]Pd(1)
Os(1)]Os(2)]Pd(1)
Os(1)]Os(3)]Os(2)
Os(2)]Os(3)]Pd(1)
Os(5)]Os(4)]Pd(2)
Os(4)]Os(5)]Os(6)
Os(6)]Os(5)]Pd(2)
Os(5)]Os(6)]Pd(2)

58.84(4)
58.09(6)
57.35(5)
61.46(4)
58.15(5)
58.60(6)
61.29(4)
57.16(5)
58.24(6)

Os(2)]Os(1)]Pd(1)
Os(1)]Os(2)]Os(3)
Os(3)]Os(2)]Pd(1)
Os(1)]Os(3)]Pd(1)
Os(5)]Os(4)]Os(6)
Os(6)]Os(4)]Pd(2)
Os(4)]Os(5)]Pd(2)
Os(4)]Os(6)]Pd(2)

57.26(5)
59.70(3)
58.44(6)
57.90(5)
60.42(4)
56.78(5)
58.90(5)
58.13(5)
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Table 6 Crystallographic data and data collection parameters for compounds 1–4

Compound 1 2 3 4?CH2Cl2

Empirical formula
M
Crystal dimensions/mm
Crystal system
Space group
a/Å
b/Å
c/Å
α/8
β/8
γ/8
U/Å3

Z
Dc/g cm23

µ/cm21

F(000)
T/K
Diffractometer
Maximum 2θ/8
Scan range/ω
Reflections collected
Unique reflections
Observed reflections
[I > 3.00σ(I)]
Transmission factors
p in weighting scheme

w = [σc
2(Fo) 1 p2/4(Fo

2)]21

R indices (observed data)
Goodness of fit
Largest ∆/σ
No. parameters
Residual extrema in the final

difference map (close to Os)/e Å23

C18H8O18Os6Pd
1759.85
0.19 × 0.21 × 0.29
Triclinic
P1̄ (no. 2)
10.287(3)
16.775(4)
10.204(3)
101.57(3)
113.27(2)
91.43(2)
1574.2(8)
2
3.713
247.30
1524
296
AFC7R
48.0
0.79 1 0.35 tan θ
5254
4940 (Rint = 0.03)
3280

0.6097–1.0000
0.0100

R = 0.056, R9 = 0.068
2.72
0.03
208
2.22 to 23.15

C12H4I2O12Os4Pd
1461.17
0.14 × 0.23 × 0.27
Orthorhombic
P212121 (no. 19)
16.257(3)
16.607(3)
9.181(3)
—
—
—
2478.4(8)
4
3.916
236.74
2512
296
AFC7R
45.0
0.68 1 0.35 tan θ
1887
1887
1501

0.3859–1.0000
0.0080

R = 0.056, R9 = 0.057
2.48
0.02
160
2.13 to 22.58

C12H3I3O12Os4Pd
1587.06
0.12 × 0.28 × 0.34
Monoclinic
P21/n (no. 14)
12.046(1)
17.551(1)
12.620(1)
—
94.40(1)
—
2660.2(3)
4
3.962
232.18
2720
293
MAR research
51.30
—
21 546
4565 (Rint = 0.06)
2605

—
0.0

R = 0.047, R9 = 0.069
3.22
0.04
289
1.76 to 22.01

C18H6I2O18Os6Pd2?CH2Cl2

2202.98
0.21 × 0.34 × 0.34
Triclinic
P1̄ (no. 2)
13.310(8)
16.721(8)
9.510(10)
92.14(7)
106.15(7)
103.42(4)
1965.0(2)
2
3.722
219.62
1908
298
AFC7R
45.0
1.21 1 0.35 tan θ
5404
5139 (Rint = 0.02)
3674

0.2050–1.0000
0.0160

R = 0.049, R9 = 0.053
2.22
0.06
257
2.17 to 23.56

Fig. 4 Molecular structure of complex [{Os3Pd(µ-H)3(CO)9(µ-I)}2] 4 with the atom numbering scheme

recorded on a Bio-Rad FTS-7 IR spectrometer, using 0.5 mm
calcium fluoride solution cells. Proton NMR spectra were
recorded on a Bruker DPX 300 NMR spectrometer using
CD2Cl2 and referenced to SiMe4 (δ 0). Mass spectra were
recorded on a Finnigan MAT 95 instrument by the fast atom
bombardment technique, using m-nitrobenzyl alcohol or α-
thioglycerol as the matrix solvents. Microanalyses were per-
formed by Butterworth Laboratories, UK. Routine purification
of products was carried out in air by thin-layer chrom-
atography (TLC) on plates coated with Merck Kieselgel 60
GF254.

Reaction of trans-[Pd(NH3)2I2] with [Os3(ì-H)2(CO)10]

A solution of [Os3(µ-H)2(CO)10] (30 mg, 0.035 mmol) and trans-
[Pd(NH3)2I2] (14 mg, 0.035 mmol) in tetrahydrofuran (thf) (15
cm3) was stirred at room temperature until all starting materials

had been consumed (2 h, TLC monitoring). The solvent was
removed in vacuo and the residue was chromatographed on
silica using n-hexane–CH2Cl2 (4 :1) as eluent. The first yellow
band was found to be [Os3(CO)12] (as confirmed by IR spec-
troscopy). Three consecutive bands were then eluted, namely
complex, 1 (Rf 0.52; 11, 0.007, 19), 2 (Rf 0.36, 6, 0.004, 14) and 3
(Rf 0.24, 2 mg, 0.001 mmol, 4%) (Found: C, 12.1; H, 0.4. Calc.
for C18H8O18Os6Pd 1: C, 12.25; H, 0.45. Found: C, 10.0; H, 0.3.
Calc. for C12H4I2O12Os4Pd 2: C, 9.9; H, 0.25. Found: C, 9.0; H,
0.15. Calc. for C12H3I3O12Os4Pd 3: C, 9.05; H, 0.2%).

Thermolysis of 2 in CHCl3

A solution of 2 (20 mg, 0.014 mmol) in CHCl3 (15 cm3) was
refluxed under an argon atmosphere for 20 h. The solution
gradually turned from bright red to brown. The reaction mix-
ture was filtered to remove insoluble black material and the
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Scheme 1 (i) trans-[Pd(NH3)2I2], room temperature, 4 h; (ii) reflux, CHCl3

filtrate was concentrated in vacuo. Chromatography on silica
with n-hexane–CH2Cl2 (3 :2, v/v) afforded three bands. The first
compound (Rf 0.80) was [Os4(µ-H)2(CO)13] (confirmed by IR and
1H NMR spectroscopy). Two consecutive bands were then
eluted, namely complex 3 (Rf 0.50, 2 mg, 0.001 mmol, 6%) and 4
(Rf 0.24, 8 mg, 0.003 mmol, 19%) (Found: C, 10.25; H, 0.25.
Calc. for C18H6I2O18Os6Pd2?CH2Cl2 4?CH2Cl2: C, 10.35; H,
0.25%).

X-Ray data collection and structural determination of complexes
1–4

All pertinent crystallographic data and other experimental
details are summarised in Table 6. Data were collected at
ambient temperature either on a Rigaku AFC7R diffracto-
meter (complexes 1, 2 and 4) or a MAR research image plate
scanner (complex 3), using Mo–Kα radiation (λ = 0.710 73 Å)
with a graphite-crystal monochromator in the incident beam.
For 1, 2 and 4, all the data were collected using the (ω–2θ) scan
technique with a scan rate of 16.00 min21 (in ω), for 3, 65 38
frames with an exposure time of 5 min per frame were used.
The diffracted intensities were corrected for Lorentz and polar-
isation effects. The ψ-scan method was employed for semi-
empirical absorption corrections for 1, 2 and 4,31 however, no
absorption correction was made for 3. Scattering factors were
taken from ref. 32(a) and anomalous dispersion effects 32b were
included in Fc.

The structures were solved by direct methods (SIR 88) 33 and
expanded by Fourier-difference techniques. The solutions were
refined on F by full-matrix least-squares analysis with Os, Pd
and I atoms refined anisotropically. The hydrogen atoms of the
CH2Cl2 molecule in 4 and the Os]Pd bridging hydrides (1–4)
were located on the Fourier-difference map using low-angle
data, whilst the Os]Os bridging hydrides for all the complexes
were estimated by potential energy calculations.34 All the
hydrogen atoms were included in the structure factors but
the parameters were not refined. Calculations were performed
on a Silicon-Graphics computer, using the program package
TEXSAN.35

Atomic coordinates, thermal parameters, and bond lengths
and angles have been deposited at the Cambridge Crystallo-
graphic Data Centre (CCDC). See Instructions for Authors,
J. Chem. Soc., Dalton Trans., 1997, Issue 1. Any request to the
CCDC for this material should quote the full literature citation
and the reference number 186/449.
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