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Reaction of the activated cluster [Os3(CO)10(NCMe)2] with [PhHgS(C5H4N)] afforded two new Os–Hg clusters cis-
[Os(CO)4{Os3(CO)10(µ-η2-SC5H4N)(µ-Hg)}2] 1 and [{Os3(CO)10(µ-η2-SC5H4N)}2(µ4-Hg)] 2 in 25 and 30% yields,
respectively. Cluster 1 consists of two {Os3(CO)10(µ-η2-SC5H4N)(µ-Hg)} subunits bonded to a central Os(CO)4

moiety in a cis configuration. Cluster 2 comprises two skewed Os–Hg metal butterflies sharing a common wingtip
Hg atom. Treatment of the same organomercurial with [Ru3(CO)10(NCMe)2] produced the cluster compound
cis-[Ru(CO)4{Ru3(CO)9(µ-η3-SC5H4N)(µ-Hg)}2] 3 (48%). This has a metal skeleton similar to that of 2 with the
{S(C5H4N)} ligand moiety bonding to the ruthenium atoms in a µ-η3 fashion. Treatment of [Os3(CO)10(NCMe)2]
with [PhHg(mbt)] (Hmbt = 2-mercaptobenzothiazole) afforded [{Os3(CO)10(µ-η2-mbt)}2(µ4-Hg)] 4 (35%) and
[Os3(CO)10(µ-η2-mbt)(µ-η2-Hg(mbt)] 5 (20%). Cluster 4 is very similar to 2, but the S(C5H4N) ligand is replaced by
the mbt ligand, while 5 consists of an Os3 triangle having one edge spanned by both [µ-η2-mbt] and [µ-η2-Hg(mbt)]
moieties. The reaction of [Os5C(CO)15] and [Ru3(CO)12] with another class of organomercurial (diphenylthiocarb-
azono)phenylmercury reagent [PhHgL�] [L� = SC(N��NPh)(��NNHPh)] containing a N��N functionality under
thermal conditions produced [{Os5C(CO)14(µ-η2-SPh)}2(µ4-Hg)] 6 (26%) and [{Os5C(CO)14(µ-η2-L�)}2(µ4-Hg)] 7
(34%) and [Ru2(CO)4Ph{µ-η2-C(O)Ph}(µ2-S)(µ-η2-L�)] 8 (15%), [Ru2(CO)4{C(O)Ph}{µ-η2-C(O)Ph}(µ2-S)(µ-η2-L�)]
9 (15%) and [{Ru(CO)2Ph}2(µ-η2-L�)] 10 (45%), respectively. In clusters 6 and 7, two {Os5C(CO)14} subunits linked
by a common wingtip mercury atom, are bonded with both µ-η2-SPh in 6 and µ-η2-L� in 7. However, in the case
of complexes 8, 9 and 10, only binuclear ruthenium carbonyl complexes formed instead of the expected formation
of mixed-metal clusters. Complexes 1–10 result from the cleavage of both Hg–C and Hg–S bonds in the parent
organomercury species. All these complexes have been fully characterized by both spectroscopic and crystallographic
techniques.

Introduction
Mercury atoms are good ‘linkers’ in a variety of mixed-metal
clusters,1–5 and this is manifested in their ability to participate in
a range of multicentre metal–metal bonds. This may involve the
addition of Hg-ligand fragments into a cluster framework or
the incorporation of naked Hg atoms or aggregates of Hg
atoms into an extended framework. The rich structural chem-
istry exhibited by osmium–mercury mixed-metal carbonyl clus-
ters has attracted our attention. In preparing these types of
mixed-metal cluster compounds, we use the activated clusters
[M3(CO)10(NCMe)2] (M = Ru or Os) and the carbido cluster
[Os5C(CO)15] in our approach. The use of these complexes as
the building blocks in heterometallic clusters as well as in the
synthesis of high nuclearity clusters has been well established.6,7

The generality of a facile Hg–C bond cleavage for aliphatic and
aromatic organomercury species upon reaction with triosmium
metal clusters has been well demonstrated.6 However, the
reactivity of osmium carbonyl clusters with mercury complexes
containing an Hg–S bond has not been thoroughly investigated.
In this article we present new results involving this kind of
organomercurials with ruthenium and osmium complexes. We
describe the preparation of new ruthenium/osmium–mercury
carbonyl clusters generated from the reaction of [M3(CO)10-
(NCMe)2] (M = Ru or Os), [Os5C(CO)15] and [Ru3(CO)12] with
mercury reagents containing Hg–C and Hg–S bonds, namely
[PhHgL] [L = S(C5H4N) or 2-mercaptobenzothiazole] and
[PhHgL�] [L� = SC(N��NPh)(��NNHPh)] which both contain
Hg–C and Hg–S bonds.

Results and discussion
Synthesis and crystal structures of cis-[Os(CO)4{Os3(CO)10-
(�-�2-SC5H4N)(�-Hg)}2] 1 and [{Os3(CO)10(�-�2-SC5H4N)}2-
(�4-Hg)] 2

Treatment of the activated cluster [Os3(CO)10(NCMe)2] with 1
equivalent of [PhHgS(C5H4N)] in CH2Cl2 at room temperature
for 2 h afforded two new Os–Hg clusters 1 and 2 in 25 and 30%
yields, respectively (Scheme 1). A small amount of metallic
mercury has also been isolated. 1H NMR spectroscopy (Table
1) showed that both of the pyridyl moieties bonded to the
cluster through a sulfur atom and that no orthometallation
occurred. To establish the molecular structures of clusters 1 and
2, single crystal X-ray analyses were carried out on these
compounds.

The molecular structure of cluster 1 is depicted in Fig. 1, and
selected bond lengths and angles are given in Table 2. The
molecule possesses a non-crystallographic two-fold axis. Clus-
ter 1 comprises a central Os(CO)4 fragment bonded to two
{Os3(CO)10(µ-η2-SC5H4N)(µ-Hg)} butterflies in a trans con-
figuration. The geometry around Os(1) is octahedrally distorted
and the (O)C–Os–C(O) angles range between 96(1) and 101(1)�.
The central Hg(1)–Os(7) [2.677(2) Å] and Hg(2)–Os(7)
[2.686(2) Å] distances, are significantly shorter than the Hg–Os
distances of the {Os3(µ-Hg)} units: Hg(1)–Os(1) [2.850(2) Å],
Hg(1)–Os(2) [2.797(2) Å], Hg(2)–Os(4) [2.788(2) Å] and Hg(2)–
Os(5) [2.849(2) Å]. This is reasonable if one regards the Os–Hg–
Os bridges as a three-centre–two-electron bond. The situation
is similar to that found in cis-[Os(CO)4{Os3(CO)10(µ-η2-
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Table 1 Spectroscopic data for compounds 1–10

Compound IR, ν(CO) a/cm�1 1H NMR,b δ (J/Hz) MS c (m/z) 

1 2099m, 2086w, 2068s, 2051vs, 2018vs,
1989s

8.81 (2H, d, J = 4.3, aryl H), 7.93 (2H, d, J = 7.7, aryl H), 7.59
(2H, m, aryl H), 7.18 (2H, m, aryl H)

2627 (2628)

2 2095m, 2055s, 2018s, 1989m 8.43 (2H, m, aryl H), 7.83 (2H, m, aryl H), 7.53 (2H, m, aryl H),
7.11 (2H, m, aryl H)

2125 (2125)

3 2080m, 2069m, 2057m, 2037s, 2023m,
1987s

8.49 (2H, d, J = 5.3, aryl H), 7.45 (4H, m, aryl H), 7.07 (2H, m,
aryl H)

1948 (1948)

4 2111w, 2099m, 2060vs, 2022s, 1993 (sh) 7.59 (2H, d, J = 8.1, aryl H), 7.37 (2H, d, J = 8.0, aryl H), 7.25
(2H, t, J = 7.7, aryl H), 7.16 (2H, t, J = 7.1, 8.3, aryl H)

2237 (2237)

5 2109s, 2060vs, 2026vs, 2001s 7.94 (1H, d, J = 8.1, aryl H), 7.67 (1H, d, J = 7.9, aryl H), 7.62
(1H, d, J = 7.9, aryl H), 7.51 (1H, d, J = 8.0, aryl H), 7.37 (1H, t,
J = 7.1, 7.7, aryl H), 7.30 (1H, t, J = 7.4, 7.7, aryl H), 7.20 (1H,
t, J = 7.3, 7.9, aryl H), 7.10 (1H, t, J = 7.4, 7.6, aryl H)

1384 (1384)

6 2105m, 2072vs, 2059vs, 2032s, 2020s,
2001s, 1962w

7.55 (4H, d, J = 8.1, aryl H), 7.93 (4H, t, J = 7.7, aryl H), 7.22
(2H, t, J = 7.1, aryl H)

3125 (3125)

7 2099s, 2070vs, 2055w, 2022m, 2010m,
2003m, 1989m, 1943w

10.76 (2H, s, NH), 7.54 (8H, d, J = 7.8, aryl H), 7.37 (10H, m,
aryl H), 7.22 (6H, t, J = 7.2)

3426 (3426)

8 2064m, 2045s, 2001m, 1978m [C��O
(KBr) 1563m]

9.15 (1H, s, NH), 8.10 (2H, d, J = 7.9, aryl H), 7.78 (2H, d,
J = 7.1, aryl H), 7.56 (7H, m, aryl H), 7.42 (2H, t, J = 7.2, aryl
H), 7.22 (7H, m, aryl H)

788 (788)

9 2064w, 2053vs, 1999s [C��O (KBr)
1561m]

11.75 (1H, s, NH), 8.26 (2H, m, aryl H), 8.01 (2H, d, J = 8.2,
aryl H), 7.86 (2H, d, aryl H), 7.77 (2H, d, J = 7.2, aryl H), 7.55
(12H, m, aryl H)

811 (811)

10 2053s, 2039m, 1976m 8.90 (2H, s, NH), 7.34 (4H, m, aryl H), 7.20 (6H, t, J = 7.7, aryl
H), 7.47 (20H, m, aryl H)

980 (980)

a In CH2Cl2. 
b In CD2Cl2. 

c Simulated values given in parentheses.

Scheme 1 (i) Os3(CO)10(NCMe)2 in CH2Cl2 at room temp.; (ii) Ru3(CO)10(NCMe)2 in CH2Cl2 at room temp.
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CH��CHPh)(µ-Hg)}2].
6b Similar shortenings of M–Hg bonds

have been observed in cis-[Ru(CO)4{Ru3(CO)9(µ3-C���CMe3)-
(µ-Hg)}2],

4 where the difference in the corresponding distances
was about 0.16 Å. The intramolecular Hg � � � Hg distance
(3.95 Å) and the Hg(1)–Os(7)–Hg(2) angle [94.73(7)] both indi-
cate very little interaction between the two cis-{Os3(CO)10(µ-η3-
SC5H4N)(µ-Hg)} fragments. Such Hg � � � Hg interactions were
also observed in cis-[Os(CO)4{Os3(CO)10(µ-η2-CH��CHPh)-
(µ-Hg)}2]

6b [Hg � � � Hg 3.700(1) Å and Hg–Os–Hg 87.09(6)�]
and cis-[Ru(CO)4{Ru3(CO)9(µ3-C���CMe3)(µ-Hg)}2]

4 (Hg � � � Hg
3.55 Å and Hg–Ru–Hg 84�). We can presume that, in general,

the shorter the Hg � � � Hg distance, the smaller the Hg–M–Hg
angles and, hence, the larger the interactions between the two
Hg subunits. Hg(1) and Hg(2) form a slightly distorted trigonal
planar geometry which involves six osmium atoms: Os(1),
Os(2), Os(3), Os(4), Os(5) and Os(6). Within each osmium tri-
angle, metal–metal bond distances vary significantly between
2.845(3) and 2.934(3) Å. In particular, the mercury-bridged
Os(1)–Os(2) and Os(4)–Os(5) bonding edges are longer than
those unsupported Os–Os bonds by a mean distance of 0.06 Å.
This may suggest an excess of electrons on the four atoms
Os(1), Os(2), Os(4) and Os(5).
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Fig. 1 A perspective drawing of the molecular structure of 1.

The solid-state structure of cluster 1 indicates that the two
butterflies, and subsequently the two ligand moieties, are
arranged in a transoid manner. The central Os(CO)4 linkage is
most probably derived from a partial degradation of the parent
Os3(CO)10 metal core of the starting material [Os3(CO)10-
(NCMe)2]. Similar examples involving an Os(CO)4 linkage have
been previously found in cis-[Os(CO)4{Os3(CO)10(µ-η2-CH��
CHPh)(µ-Hg)}2],

6b [Os3{µ-AuOs(CO)4(PPh3)}(µ-Cl)(CO)10]
8

and [Hg{Fe(CO)4(µ-Hg)Fe3(µ-COMe)(CO)10}2].
9 In all cases,

the mechanism of formation of the coordinatively unsaturated
M(CO)4 fragments is still unknown, but is presumably derived
from the fragmentation of the parent trinuclear metal core.

Dark red crystals of 2 suitable for structural analysis were
obtained by standing an n-hexane–CH2Cl2 solution mixture
overnight under ambient conditions. An ORTEP drawing of 2
is illustrated in Fig. 2 and some important bond parameters are
given in Table 3. The molecular structure reveals a heptametal-

Table 2 Selected bond lengths (Å) and angles (�) for complex 1

Hg(1)–Os(1)
Hg(2)–Os(4)
Hg(1)–Os(7)
Os(1)–Os(2)
Os(2)–Os(3)
Os(4)–Os(6)
Os(1)–S(1)
Os(4)–S(2)
S(1)–C(25)
Hg(1) � � � Hg(2)

Hg(1)–Os(7)–Hg(2)
Os(2)–Hg(1)–Os(7)
Os(1)–Os(2)–Os(3)
Os(1)–Os(3)–Os(2)
Hg(1)–Os(2)–Os(1)
Os(5)–Hg(2)–Os(7)
Os(4)–Os(5)–Os(6)
Os(4)–Os(6)–Os(5)
Hg(2)–Os(5)–Os(4)

2.850(2)
2.788(2)
2.677(2)
2.914(2)
2.855(3)
2.866(3)
2.38(1)
2.41(1)
1.75(4)
3.951(1)

94.73(7)
151.46(8)
59.25(6)
61.41(6)
59.83(6)

137.32(9)
59.45(6)
61.81(6)
57.62(6)

Hg(1)–Os(2)
Hg(2)–Os(5)
Hg(2)–Os(7)
Os(1)–Os(3)
Os(4)–Os(5)
Os(5)–Os(6)
Os(2)–S(1)
Os(5)–S(2)
S(2)–C(31)

Os(1)–Hg(1)–Os(7)
Os(1)–Hg(1)–Os(2)
Os(2)–Os(1)–Os(3)
Hg(1)–Os(1)–Os(2)
Os(4)–Hg(2)–Os(7)
Os(4)–Hg(2)–Os(5)
Os(5)–Os(4)–Os(6)
Hg(2)–Os(4)–Os(5)

2.797(2)
2.849(2)
2.686(2)
2.852(3)
2.933(3)
2.845(3)
2.39(1)
2.40(1)
1.80(4)

145.10(8)
62.12(6)
59.34(6)
58.04(6)

158.72(9)
62.71(6)
58.74(6)
59.67(6)

lic Os–Hg metal cluster framework, consisting of two metal
butterflies [Os(1), Os(2), Os(3) and Hg(1)] and [Os(4), Os(5),
Os(6) and Hg(1)] sharing a common wingtip Hg(1) atom. The
two HgOs2 planes are slightly twisted. The skewing is inferred
from a non-bonding interaction between the carbonyl ligands
on Os(2) and Os(3) and on Os(5) and Os(6). In this context, the
geometry around the Hg could be described as pseudo-linear
and the dihedral angle between the Hg–Os(2)–Os(3) and Hg–
Os(5)–Os(6) planes is 155.04�. Although the solid-state struc-
ture of 2 revealed a cisoid configuration, we cannot discard the
possibility of other structures such as a transoid arrangement
present in solution. It has been shown that the energy barrier to
such a rotation is rather low.10 As in cluster 1, the mercury-
bridged Os(2)–Os(3) [2.897(2) Å] and Os(5)–Os(6) [2.902(2) Å]
edges of the two osmium triangles are substantially elongated.
The average Os–Os distance in 2 [2.870(1) Å] is shorter than
that in 1 [2.977(8) Å] but is almost identical to that in
[Os3(CO)12] [2.877(3) Å].11 Thus, the overall coordination num-
ber around mercury is not a critical factor in determining the
bond lengths in this family of complexes, but depends on the
overall electronegativity of the group attached to it.

Table 3 Selected bond lengths (Å) and angles (�) for complex 2

Hg(1)–Os(2)
Hg(1)–Os(5)
Os(2)–Os(3)
Os(1)–Os(2)
Os(4)–Os(5)
Os(2)–S(1)
Os(5)–S(2)
S(1)–C(21)

Os(2)–Hg(1)–Os(3)
Hg(1)–Os(2)–Os(3)
Hg(1)–Os(5)–Os(6)
Os(1)–Os(2)–Os(3)
Os(1)–Os(3)–Os(2)
Os(5)–Os(4)–Os(6)

2.882(2)
2.882(2)
2.897(2)
2.862(3)
2.853(3)
2.40(1)
2.38(1)
1.77(5)

60.36(6)
59.78(6)
59.83(6)
59.42(6)
59.68(6)
61.16(6)

Hg(1)–Os(3)
Hg(1)–Os(6)
Os(5)–Os(6)
Os(1)–Os(3)
Os(4)–Os(6)
Os(3)–S(1)
Os(6)–S(2)
S(2)–C(26)

Os(5)–Hg(1)–Os(6)
Hg(1)–Os(3)–Os(2)
Hg(1)–Os(6)–Os(5)
Os(2)–Os(1)–Os(3)
Os(4)–Os(5)–Os(6)
Os(4)–Os(6)–Os(5)

2.880(3)
2.885(3)
2.902(2)
2.854(3)
2.851(3)
2.39(1)
2.39(1)
1.89(5)

60.43(6)
59.86(6)
59.74(6)
60.90(6)
59.38(7)
59.46(6)
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Fig. 2 A perspective drawing of the molecular structure of 2.

The organic moieties {S(C5H4N)} in clusters 1 and 2 result
in Hg–C and Hg–S bond cleavage of the reactant [PhHg-
S(C5H4N)]. Their µ-η2 bonding mode is reflected from four sets
of peaks in the 1H NMR spectra. As a whole, the organic
moieties bridge along the hinged Os–Os edge as three-electron
donors to the cluster valence shell. In essence, the structural
properties of the triosmium metal domain in clusters 1 and 2
were similar to those found in [Ru3(µ-H)(µ3-SC5H4N)(CO)9]

12

with the nitrogen atom involved in coordination to the cluster
framework. This indicates remarkable rigidity in the metal
framework.

Synthesis and crystal structure of cis-[Ru(CO)4{Ru3(CO)9(�-�3-
SC5H4N)(�-Hg)}2] 3

The organomercury complex [PhHgS(C5H4N)] was allowed to
react with the activated ruthenium carbonyl cluster [Ru3(CO)10-
(NCMe)2] to yield the cluster cis-[Ru(CO)4{Ru3(CO)9(η

3-SC5-
H4N)(µ-Hg)}2] 3 as the sole product (Scheme 1). Similar to
complex 1, X-ray analysis of 3 shows that it contains a central
‘Ru(CO)4’ fragment bound to two [Ru3(CO)9(µ-η3-SC5H4N)(µ-
Hg)] butterflies in a trans conformation (Fig. 3). Table 4 lists
some selected bond lengths and angles. The {S(C5H4N)} ligand
moiety coordinated to the metal core through a nitrogen and
sulfur atoms in 3 is coordinated differently from 1 and 2
because the nitrogen atom of the pyridyl ligand is coordinated
to the third ruthenium atom [Ru(1)–N(1) 2.21(2) Å, Ru(7)–N(2)
2.20(2) Å]. The {S(C5H4N)} ligand is essentially orthogonal to
the ruthenium triangle [dihedral angle 88.05�], which acts as a
face capping, five-electron donor. The central Hg(1)–Ru(4)
[2.638(3) Å] and Hg(2)–Ru(4) [2.671(3) Å] bond distances are
also significantly shorter than the two asymmetric edges bridg-
ing the Hg–Ru bonds [average 2.821(2) Å], observed in 1. The
Hg(1)–Ru(4)–Hg(2) bond angle is unusually small [81.62(8)�].

The intramolecular Hg(1) � � � Hg(2) distance is 3.470(2) Å. The
shortening of this non-bonding distance suggests that there
may be a significant Hg(1)–Hg(2) interaction, causing an
unusually small bond angle of 81.62(8)� between the two
mercury atoms.

Synthesis and crystal structures of [{Os3(CO)10(�-�2-mbt)}2-
(�4-Hg)] 4 and [Os3(CO)10(�-�2-mbt){�-�2-Hg(mbt)}] 5

To test the general Hg–C and Hg–S bond cleavage observed
for [PhHgS(C5H4N)], we have investigated the reaction of
[Os3(CO)10(NCMe)2] with another class of organomercury

Table 4 Selected bond lengths (Å) and angles (�) for complex 3

Hg(1)–Ru(4)
Hg(1)–Ru(2)
Hg(2)–Ru(5)
Ru(1)–Ru(2)
Ru(2)–Ru(3)
Ru(5)–Ru(7)
Ru(2)–S(1)
Ru(5)–S(2)
Ru(1)–N(1)
S(1)–C(23)
Hg(1) � � � Hg(2)

Hg(1)–Ru(4)–Hg(2)
Hg(1)–Ru(2)–Ru(3)
Hg(2)–Ru(5)–Ru(6)
Ru(3)–Hg(1)–Ru(4)
Ru(1)–Ru(2)–Ru(3)
Ru(1)–Ru(3)–Ru(2)
Ru(4)–Hg(2)–Ru(6)
Ru(5)–Ru(6)–Ru(7)
Ru(6)–Ru(5)–Ru(7)

2.638(3)
2.780(3)
2.796(3)
2.793(3)
2.935(3)
2.794(3)
2.369(8)
2.377(8)
2.21(2)
1.71(3)
3.470(2)

81.62(8)
58.11(7)
58.80(7)

146.89(9)
58.03(8)
58.42(8)

145.26(8)
58.60(8)
58.45(8)

Hg(2)–Ru(4)
Hg(1)–Ru(3)
Hg(2)–Ru(6)
Ru(1)–Ru(3)
Ru(5)–Ru(6)
Ru(6)–Ru(7)
Ru(3)–S(1)
Ru(6)–S(2)
Ru(7)–N(2)
S(2)–C(32)

Ru(2)–Hg(1)–Ru(4)
Hg(1)–Ru(3)–Ru(2)
Hg(2)–Ru(6)–Ru(5)
Ru(2)–Hg(1)–Ru(3)
Ru(2)–Ru(1)–Ru(3)
Ru(4)–Hg(2)–Ru(5)
Ru(5)–Hg(2)–Ru(6)
Ru(5)–Ru(7)–Ru(6)

2.671(3)
2.779(3)
2.806(3)
2.781(4)
2.916(3)
2.790(3)
2.378(8)
2.362(8)
2.20(2)
1.74(3)

147.86(9)
58.14(7)
58.48(7)
63.75(7)
63.55(9)

151.60(8)
62.73(7)
62.95(8)
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Fig. 3 A perspective drawing of the molecular structure of 3.

compounds [PhHg(mbt)] (Hmbt = 2-mercaptobenzothiazole)
to afford [{Os3(CO)10(µ-η2-mbt)}2(µ4-Hg)] 4 and [Os3(CO)10-
(µ-η2-mbt){µ-η2-Hg(mbt)}] 5 in 35 and 20% yields, respectively.
IR spectroscopy [ν(CO)] indicates that the metal framework of
cluster 4 is quite similar to that of 2 (Table 1). For complex 5
two set of signals, indicative of four aryl protons, appeared in
the 1H NMR spectrum showing a different environment for two
ligand moieties. We believe that Hg–C and Hg–S bond cleavage
had occurred. In order to establish the molecular structures of
clusters 4 and 5, X-ray analyses were carried out.

The ORTEP drawings of clusters 4 and 5 are depicted in Figs.
4 and 5, respectively, while selected bond lengths and angles are
listed in Tables 5 and 6, respectively. As expected, cluster 4 has
the same metal framework as cluster 2, which consists of two
metal butterflies sharing a common wingtip Hg atom. There are
two asymmetric units present in the molecule. As a consequence
of Hg–C and Hg–S bond cleavage, only the mbt moiety is
coordinated to the osmium triangle. In this context, the average
dihedral angles of the two butterflies, the twist angle about the
central Hg atom, and the average Os–Os bond distance in clus-
ter 4 are 105.23, 39.91� and 2.88 Å, respectively. Consequently,
it is reasonable to assume that both clusters adopt a skewed
cisoid configuration in their solid-state structures.

Table 5 Selected bond lengths (Å) and angles (�) for complex 4

Hg(1)–Os(1)
Hg(1)–Os(4)
Os(1)–Os(2)
Os(1)–Os(3)
Os(4)–Os(6)
Os(1)–S(1)
Os(4)–S(3)
S(1)–C(41)

Os(1)–Hg(1)–Os(2)
Hg(1)–Os(1)–Os(2)
Hg(1)–Os(4)–Os(5)
Os(1)–Os(2)–Os(3)
Os(1)–Os(3)–Os(2)
Os(5)–Os(4)–Os(6)

2.861(3)
2.865(3)
2.897(3)
2.871(3)
2.866(4)
2.38(2)
2.41(1)
1.74(5)

60.34(8)
60.55(8)
60.19(7)
59.76(1)
60.66(7)
59.57(8)

Hg(1)–Os(2)
Hg(1)–Os(5)
Os(4)–Os(5)
Os(2)–Os(3)
Os(5)–Os(6)
Os(2)–S(1)
Os(5)–S(3)
S(3)–C(48)

Os(4)–Hg(1)–Os(5)
Hg(1)–Os(2)–Os(1)
Hg(1)–Os(5)–Os(4)
Os(2)–Os(1)–Os(3)
Os(4)–Os(5)–Os(6)
Os(4)–Os(6)–Os(5)

2.903(3)
2.895(3)
2.908(3)
2.865(3)
2.868(4)
2.38(2)
2.42(1)
1.73(6)

60.63(7)
59.11(8)
59.18(7)
59.58(7)
59.48(8)
60.94(8)

The metal core of 5 comprises a butterfly framework where
the Os(2)–Os(3) edge and the Os(1) and Hg(1) atoms form
the hinge and the wingtips of the butterfly. In addition, the
Os(2)–Os(3) edge is doubly bridged by an mbt and an Hg(mbt)
moiety, as shown in Fig. 5. The Os–Os vector, doubly-bridged
by a bridgehead sulfur atom and an Hg atom [Os(2)–Os(3)
2.925(1) Å], is slightly longer than the two unsupported Os–Os
bonds [Os(1)–Os(2) 2.884(1) and Os(1)–Os(3) 2.872(1) Å]. This
lengthening may be due to the larger size of the sulfur and
Hg atoms. Churchill and Lachewycz 13 have shown that a larger
bridgehead atom has a larger lengthening effect on the
bridged metal–metal bond. The dihedral angle between the
metal butterfly is 141.31�. The salient feature of 5 reveals that
one of the Hg(mbt) moieties has undergone Hg–S bond
cleavage upon coordinating to the cluster framework, while the
second Hg(mbt) moiety remains intact on the cluster. Similar
coordination modes have been found in [Ru3(µ-HgBr)(µ3-
ampy)(CO)9] [Hampy = 2-amino-6-methylpyridine] in which
the ligand ampy and an HgBr moiety bridge across the same
Ru–Ru edge.14

Synthesis and crystal structures of [{Os5C(CO)14(�-�2-SPh)}2-
(�4-Hg)] 6 and [{Os5C(CO)14(�-�2-SC(N��NPh)2)}2(�4-Hg)] 7

The reaction of [Os5C(CO)15] with [PhHgSC(N��NPh)-
(��NNHPh)] in refluxing CHCl3 afforded two new Os–Hg clus-
ters 6 and 7 in 26% and 34% yields, respectively (Scheme 2). The

Table 6 Selected bond lengths (Å) and angles (�) for complex 5

Hg(1)–Os(2)
Os(2)–Os(3)
Os(1)–Os(3)
Os(2)–S(3)
S(1)–C(11)

Os(2)–Hg(1)–Os(3)
Hg(1)–Os(3)–Os(2)
Os(2)–Os(1)–Os(3)
Os(2)–S(3)–Os(3)
Os(3)–Os(2)–S(3)

2.774(1)
2.925(1)
2.872(1)
2.418(5)
1.73(2)

63.32(3)
57.91(2)
61.09(3)
74.4(1)
52.9(1)

Hg(1)–Os(3)
Os(1)–Os(2)
Hg(1)–S(1)
Os(3)–S(3)
S(3)–C(18)

Hg(1)–Os(2)–Os(3)
Os(1)–Os(2)–Os(3)
Os(1)–Os(3)–Os(2)
Os(2)–Os(3)–S(3)

2.7996(9)
2.884(1)
2.423(5)
2.421(5)
1.78(2)

58.77(3)
59.26(3)
59.65(3)
52.8(1)
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Fig. 4 A perspective drawing of the molecular structure of 4.

1H NMR signals due to the organic moieties of both complexes
are fully consistent with their structures. The mass spectra
exhibit molecular ion envelopes which agree with the formulae
of the compounds, with ion peaks corresponding to CO losses
also detected. The signals due to protons of the phenyl rings are
observed in the range δ 7.22–7.93 while a broad signal at δ 10.76
in 7 is assigned to the NH protons of the dithizonate ions.

Brown crystals of 6 and red crystals of 7 suitable for a dif-
fraction analysis were obtained by slow evaporation of these
compounds in n-hexane–CH2Cl2 at room temperature. Per-
spective views of the molecular structures of complexes 6 and 7
are shown in Figs. 6 and 7, respectively, and relevant bond
parameters in Tables 7 and 8, respectively. Cluster 7 was formu-
lated initially as [{Os5C(CO)14(µ-η2-L�)}2(µ4-Hg)] [L� = SPh,
SC(N��NPh)(��NNHPh)] based on spectroscopic evidence. This
was further confirmed by single X-ray analysis. Notably, the
cluster cores of 6 and 7 are the same. In each case, two penta-
nuclear Os5C units are linked by two edge-related osmium
atoms to a central mercury atom. For each half of the molecule,
the Hg atom asymmetrically bridges the ‘hinge’ bond of the
bridged butterfly. The mercury bridges in the complexes are
asymmetric, where Hg(1)–Os(1) and Hg(1)–Os(2) distances are
2.7703(8) and 3.0450(8) Å, in 6 (Fig. 6) and 2.7472(9) and
3.029(1) Å in 7 (Fig. 7), respectively. Along one open edge of
this capped butterfly is a bridging SPh and SC(N��NPh)-
(��NNHPh) in 6 and 7 respectively, which are similar to that
observed in the related clusters [{Ru5C(CO)14(µ-Cl)}2Hg2Cl2]

15

and [Ru5C(CO)14(µ-AuPPh3)(µ-Br)].16 The presence of the mer-

cury metal atom causes a lengthening of this Os–Os edge, hence
the Os(1)–Os(2) bond lengths in 6 [2.946(1) Å] and 7 [2.912(1)
Å] are the longest bonded Os–Os distances in the structure. The
average bond length of the other Os–Os bonds is within the
range normally recorded for the precursor, [Os5C(CO)15]

17

[2.88(2) and 2.85(3) Å]. The carbido-carbon remains at the
centre of the ‘bridged butterfly’. As in related carbide-centred
clusters,16,18 there are small differences in the Os–C(carbide) dis-
tance. The formation of 6 in this reaction is rather unusual
because it involves the formation of a Ph–S moiety either before
or after the assembly of the heterometallic cluster. Since we do

Table 7 Selected bond lengths (Å) and angles (�) for complex 6

Hg(1)–Os(1)
Os(1)–Os(2)
Os(1)–Os(5)
Os(2)–Os(5)
Os(4)–Os(5)
Os(1)–S(1)
S(1)–C(16)

Os(1)–Hg(1)–Os(2)
Hg(1)–Os(2)–Os(1)
Os(2)–Os(1)–Os(5)
Os(1)–Os(2)–Os(3)
Os(3)–Os(2)–Os(5)
Os(2)–Os(3)–Os(4)

2.7703(8)
2.946(1)
2.849(1)
2.880(1)
2.922(1)
2.463(5)
1.81(2)

60.65(2)
55.06(2)
59.57(3)
58.50(3)
88.15(3)
89.05(3)

Hg(1)–Os(2)
Os(1)–Os(3)
Os(2)–Os(3)
Os(3)–Os(4)
Os(1)–C(15)
Os(4)–S(1)

Hg(1)–Os(1)–Os(2)
Os(2)–Os(1)–Os(3)
Os(3)–Os(1)–Os(5)
Os(1)–Os(2)–Os(5)
Os(1)–Os(3)–Os(4)
Os(1)–S(1)–Os(4)

3.0450(8)
2.849(1)
2.883(1)
2.925(1)
2.09(2)
2.490(5)

64.29(2)
59.65(3)
89.43(3)
58.55(3)
75.21(3)
90.7(2)
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Fig. 5 A perspective drawing of the molecular structure of 5.

Scheme 2 (i) Os5C(CO)15 in refluxing CHCl3; (ii) Ru3(CO)12 in refluxing CHCl3.
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Fig. 6 A perspective drawing of the molecular structure of 6.

Fig. 7 A perspective drawing of the molecular structure of 7.

not observe the conversion of 1 to 6 under our experimental
condition, it is tempting to suggest that the Ph–S fragment was
formed earlier.

Synthesis of [Ru2(CO)4Ph{�-�2-C(O)Ph}(�2-S)(�-�2-L�)] 8,
[Ru2(CO)4{C(O)Ph}{�-�2-C(O)Ph}(�2-S)(�-�2-L�)] 9 and
[{Ru(CO)2Ph}2(�-�2-L�)2] 10

The reaction of [Ru3(CO)12] with [PhHg{SC(N��NPh)(��N-
NHPh)}] in refluxing chloroform (CHCl3) does not yield
mixed-metal clusters, which is expected from the reactions
involving organomercurials, but leads to the formation of three
binuclear ruthenium carbonyl compounds [Ru2(CO)4Ph{µ-η2-
C(O)Ph}(µ2-S)(µ-η2-L�)] 8, [Ru2(CO)4{C(O)Ph}{µ-η2-C(O)-
Ph}(µ2-S)(µ-η2-L�)] 9 and [{Ru(CO)2Ph}2(µ-η2-L�)2] 10 in 15,
15 and 45% yields, respectively (Scheme 2). In addition,
[Ru3(CO)12] and mercury metal were also obtained. Complexes
8, 9 and 10 were isolated in pure form by preparative thin layer
chromatography (TLC) on silica. Only terminal carbonyl activ-
ity was observed in the carbonyl absorption region of the solu-
tion IR spectra of 8, 9 and 10 in dichloromethane (Table 1).
Moreover, the IR spectra in KBr showed signals at 1563 cm�1

(for 8) and 1561 cm�1 (for 9) which are assigned to the coordin-
ated acyl group. These values are comparable to those of other
acyl complexes we reported earlier.19 The proton NMR spectra
recorded in dichloromethane-d2 confirm the presence of the
organic ligands and the absence of metal hydrides. The signals

Table 8 Selected bond lengths (Å) and angles (�) for complex 7

Hg(1)–Os(1)
Os(1)–Os(2)
Os(1)–Os(5)
Os(2)–Os(5)
Os(4)–Os(5)
Os(1)–S(1)
N(1)–N(2)
N(2)–H(1)

Os(1)–Hg(1)–Os(2)
Hg(1)–Os(2)–Os(1)
Os(2)–Os(1)–Os(5)
Os(1)–Os(2)–Os(3)
Os(3)–Os(2)–Os(5)
Os(2)–Os(3)–Os(4)

2.7472(9)
2.912(1)
2.865(2)
2.877(2)
2.923(2)
2.436(5)
1.29(3)
0.84

60.32(3)
55.04(3)
59.72(4)
59.22(4)
88.03(4)
90.45(5)

Hg(1)–Os(2)
Os(1)–Os(3)
Os(2)–Os(3)
Os(3)–Os(4)
Os(1)–C(15)
Os(4)–S(1)
N(3)–N(4)
S(1)–C(16)

Hg(1)–Os(1)–Os(2)
Os(2)–Os(1)–Os(3)
Os(3)–Os(1)–Os(5)
Os(1)–Os(2)–Os(5)
Os(1)–Os(3)–Os(4)
Os(1)–S(1)–Os(4)

3.029(1)
2.857(2)
2.869(2)
2.928(2)
2.10(2)
2.489(6)
1.27(3)
1.74(3)

64.64(3)
59.63(4)
88.49(4)
59.33(4)
74.57(4)
90.7(2)
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Fig. 8 A perspective drawing of the molecular structure of 8.

at δ 9.15, 11.75 and 8.90 in complexes 8, 9 and 10, respectively,
are assigned to the NH protons of the dithizonate ion. The
FAB mass spectra of 8, 9 and 10 show parent ion peaks at
m/z = 788, 811 and 980, with each showing subsequent and
sequential loss of four carbonyl ligands.

Red crystals of 8, 9 and 10 suitable for X-ray analysis were
obtained from CH2Cl2–cyclohexane or n-hexane–CH2Cl2 solu-
tions at room temperature. Perspective drawings of complexes
8, 9 and 10 are shown in Figs. 8, 9 and 10 respectively, with

Table 9 Selected bond lengths (Å) and angles (�) for complex 8

Ru(1)–S(1)
Ru(1)–S(2)
Ru(1)–N(1)
Ru(2)–O(5)
Ru(1)–C(2)
Ru(2)–C(4)
S(2)–C(11)
N(3)–N(4)
C(18)–C(30)
Ru(1) � � � Ru(2)

Ru(1)–S(1)–Ru(2)
S(1)–Ru(1)–S(2)
S(1)–Ru(1)–C(2)
S(1)–Ru(1)–N(1)
S(1)–Ru(1)–C(30)
S(1)–Ru(2)–C(3)
S(1)–Ru(2)–C(24)
S(2)–Ru(2)–C(4)
S(1)–Ru(2)–O(5)
Ru(1)–C(30)–O(5)

2.4563(9)
2.4085(9)
2.190(3)
2.121(2)
1.850(4)
1.866(5)
1.768(4)
1.307(4)
1.480(5)
3.362(1)

84.43(3)
85.11(3)

176.8(1)
84.58(8)
86.15(10)
95.0(1)

170.35(10)
173.7(1)
82.24(6)

116.1(2)

Ru(2)–S(1)
Ru(2)–S(2)
Ru(1)–C(30)
Ru(1)–C(1)
Ru(2)–C(3)
Ru(2)–C(24)
N(1)–N(2)
C(30)–O(5)
N(4)–H(21)
S(1) � � � S(2)

Ru(1)–S(2)–Ru(2)
S(1)–Ru(2)–S(2)
S(2)–Ru(1)–C(1)
S(2)–Ru(1)–N(1)
S(2)–Ru(1)–C(30)
S(1)–Ru(2)–C(4)
S(2)–Ru(2)–C(3)
S(2)–Ru(2)–C(24)
S(2)–Ru(2)–O(5)
Ru(2)–O(5)–C(30)

2.5406(9)
2.466(1)
2.046(4)
1.906(4)
1.836(4)
2.081(4)
1.280(4)
1.260(4)
0.84
3.29(1)

87.09(3)
82.16(3)

175.5(1)
79.98(8)
89.46(10)

101.1(1)
96.7(1)
90.8(1)
83.52(7)

124.2(2)

selected bond lengths and angles given in Tables 9, 10, and 11
respectively. One molecule of water and cyclohexane, as the
solvent of crystallization, was present in the asymmetric units
of 9 and 10, respectively. As in Figs. 8 and 9, the Ru atoms are
bridged diaxially by an acyl group, [µ-η2-C(O)Ph], and bridged
diequatorially by a sulfido group, [SC(N��NPh)(��NNHPh)].
The lone pair of the oxygen atom bond to Ru(2) forming a µ-η2

Table 10 Selected bond lengths (Å) and angles (�) for complex 9

Ru(1)–S(1)
Ru(1)–S(2)
Ru(1)–N(1)
Ru(2)–O(7)
Ru(1)–C(2)
Ru(2)–C(4)
C(1)–O(1)
C(3)–O(3)
C(5)–O(5)
C(5)–C(25)
S(1)–C(12)
N(3)–N(4)
Ru(1) � � � Ru(2)

Ru(1)–S(1)–Ru(2)
S(1)–Ru(1)–S(2)
S(1)–Ru(1)–C(2)
S(1)–Ru(1)–N(1)
S(1)–Ru(1)–C(31)
S(1)–Ru(2)–C(3)
S(1)–Ru(2)–C(5)
S(2)–Ru(2)–C(4)
S(1)–Ru(2)–O(7)
Ru(1)–C(31)–O(7)

2.396(2)
2.461(2)
2.190(6)
2.116(4)
1.897(8)
1.894(7)
1.150(10)
1.126(10)
1.226(9)
1.53(1)
1.766(8)
1.324(9)
3.382(1)

88.33(6)
85.56(6)

176.0(3)
79.5(1)
88.6(2)
99.1(2)
87.7(2)
99.2(2)
81.7(1)

116.4(5)

Ru(2)–S(1)
Ru(2)–S(2)
Ru(1)–C(31)
Ru(1)–C(1)
Ru(2)–C(3)
Ru(2)–C(5)
C(2)–O(2)
C(4)–O(4)
C(31)–O(7)
C(19)–C(31)
N(1)–N(2)
N(4)–H(21)
S(1) � � � S(2)

Ru(1)–S(2)–Ru(2)
S(1)–Ru(2)–S(2)
S(2)–Ru(1)–C(1)
S(2)–Ru(1)–N(1)
S(2)–Ru(1)–C(31)
S(1)–Ru(2)–C(4)
S(2)–Ru(2)–C(3)
S(2)–Ru(2)–C(5)
S(2)–Ru(2)–O(7)
Ru(2)–O(7)–C(31)

2.458(2)
2.578(2)
2.036(7)
1.851(8)
1.866(8)
2.052(8)
1.133(10)
1.135(9)
1.276(7)
1.472(10)
1.280(7)
1.11
3.30(1)

84.29(6)
81.80(6)

176.7(2)
85.0(1)
85.8(2)

171.6(2)
94.2(2)

169.3(2)
82.2(1)

124.1(4)



2506 J. Chem. Soc., Dalton Trans., 1999,  2497–2510

Fig. 9 A perspective drawing of the molecular structure of 9.

acyl bridge along the Ru � � � Ru line. A phenyl group is coordin-
ated to Ru(2) which resulted from the cleavage of an Hg–C
bond in the organomercurial. The plane of the aryldiazo ligand
was parallel to the Ru � � � Ru line, which occupies an η2-
bridging site with Ru(1)–C(30) [2.046(4) Å] and Ru(2)–O(5)
[2.121(2) Å] in 8 and Ru(1)–C(31) [2.036(7) Å] and Ru(2)–O(7)
[2.116(4) Å] in 9. The Ru2S2 core is not planar, but bent in a
butterfly fashion which results in a fold angle of 131.87� in 8
and 9. This bending results in a mean Ru–Ru separation of 3.37
Å in both complexes, which is comparable to the non-bonding
distance observed in [(η6-C6H6)Ru(µ-OMe)3Ru(η6-C6H6)]-
[BPh4]

20 [3.005(2) Å]. Subsequent reductive elimination of
benzene is usually favoured, as soon as a hydride ligand is avail-

Table 11 Selected bond lengths (Å) and angles (�) for complex 10

Ru(1)–S(1)
Ru(1)–S(2)
Ru(1)–N(1)
Ru(1)–C(1)
Ru(1)–C(18)
Ru(2)–C(4)
S(1)–C(11)
N(1)–N(2)
N(5)–N(6)
N(1)–C(5)
N(5)–C(30)
N(4)–H(46)
Ru(1) � � � Ru(2)

Ru(1)–S(1)–Ru(2)
S(1)–Ru(1)–S(2)
S(1)–Ru(1)–C(1)
S(1)–Ru(2)–C(3)
S(2)–Ru(1)–C(1)
S(2)–Ru(2)–C(4)

2.431(1)
2.572(1)
2.137(4)
1.888(5)
2.118(5)
1.874(6)
1.78(5)
1.281(5)
1.311(5)
1.440(6)
1.414(6)
0.84
3.713(1)

97.95(4)
80.86(4)
95.5(1)
91.5(2)
90.8(2)
95.0(2)

Ru(2)–S(1)
Ru(2)–S(2)
Ru(2)–N(8)
Ru(1)–C(2)
Ru(2)–C(3)
Ru(2)–C(24)
S(2)–C(36)
N(3)–N(4)
N(7)–N(8)
N(4)–C(12)
N(8)–C(37)
N(5)–H(45)
S(1) � � � S(2)

Ru(1)–S(2)–Ru(2)
S(1)–Ru(2)–S(2)
S(1)–Ru(1)–C(2)
S(1)–Ru(2)–C(24)
S(2)–Ru(1)–C(18)
S(2)–Ru(2)–C(24)

2.485(1)
2.427(1)
2.203(4)
1.872(5)
1.87(5)
2.112(5)
1.773(5)
1.322(5)
1.286(5)
1.406(6)
1.434(5)
0.84
3.25(1)

95.73(4)
82.73(4)

178.4(1)
86.5(1)

171.9(1)
91.5(1)

able. However, in the absence of such a hydride ligand in 9, a
migratory CO insertion takes place to yield the terminal acyl
group, [C(O)Ph]. The PhCO ligand is formed by Hg–Ph bond
cleavage and Ph migration to CO. Similar observations are
also found in [Os3(µ-Ph)(µ-PhCO)(µ3-Se)2(CO)8]

21 and [Ru3-
{µ-η2-C(O)Ph}{µ3-η

2-P(Ph)(C5H4N)}(CO)9].
22 The sulfido,

[SC(N��NPh)(��NNHPh)] and [µ-η2-C(O)Ph] moieties act as
four-, five- and three-electron donors, respectively, which result
in a total 36 CVE in both complexes and are in agreement with
the Condensed Polyhedra Method for binuclear complexes with
no metal–metal bonds.23

As mentioned before, the molecular structures of 8 and 9 are
different in a CO insertion at Ru(2)–Ph. It is of interest to know
whether the addition of CO would lead to the formation of
complex 9 from 8. Thus, a stream of CO gas was bubbled
through a solution of 8 at room temperature. IR and spot TLC
monitoring indicated the quantitative formation of 9, accom-
panied with unreacted starting material. Therefore 8 appears to
be an intermediate in the formation of 9 by Ru-assisted inser-
tion of a CO molecule into the Ru–Ph moiety. By contrast,
heating of complex 9 in refluxing n-hexane for 4 h resulted in no
visible change as indicated by IR and spot TLC monitoring.
Therefore, complex 9 is thermally stable up to the refluxing
temperature of n-hexane without molecular rearrangements or
decomposition.

X-Ray analysis of 10 revealed that the structure consists of
two Ru(CO)2 fragments which are held together by two [µ-η2-
SC(N��NPh)(��NNHPh)2] moieties, bonded through a sulfur
and nitrogen [N(1)–Ru(1) 2.137(4) Å and N(8)–Ru(2) 2.203(4)
Å] in syn arrangements with respect to the Ru2S2 plane. The
central Ru(1)–S(1)–Ru(2)–S(2) is not planar, but adopts an
envelope conformation which is folded at an angle of 163.48�
with respect to the S(1) � � � S(2) line. The ligands are essentially
planar and syn-coordinated to the ruthenium–sulfur rhombus
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Fig. 10 A perspective drawing of the molecular structure of 10.

array (dihedral angles 96.8 and 79.29�). The intermetallic dis-
tance of 10 (3.71 Å) is too long to indicate any significant inter-
actions between the two ruthenium atoms (cf. average Ru–Ru
2.85(4) Å in [Ru3(CO)12]

24). A phenyl group was unexpectedly
coordinated which the ruthenium atoms that originated from
the cleavage of an Hg–C bond in [PhHgSC(N��NPh)-
(��NNHPh)], as in complex 8. The Ru–C(Ph) bond in both
complexes has a mean distance of 2.11(5) Å, which is
similar to that in [(C5Me5)Ru(NO)(C6H5)(O3SCF3)] 25 [2.10(5)
Å].

Recently, we have reported that the reaction of the mercurial
complex, [PhHg{SC(N��NPh)(��NNHPh)}] with an activated
triosmium carbonyl cluster [Os3(CO)10(NCMe)2], formed a pair
of binuclear osmium carbonyl isomers [{Os(CO)2Ph}2(µ-η2-
L�)2]

26 which was isostructural with 10. However, no analogous
complexes of 8 and 9 were observed in this reaction. Presum-
ably this is due to a higher kinetic stability of Os complexes,
which makes CO insertion more difficult.

Conclusion
We have observed previously that the reaction of [Os3(CO)10-
(µ-H)2] with organomercury compounds possessing a nucleo-
philic –C���C– functionality yields a series of osmium–mercury
cluster complexes having the following structures: (1) two Os–
Hg mixed-metal butterflies sharing a central wingtip mercury
atom, and (2) a central Os(CO)4 fragment with two cis-
coordinated metal butterflies.6b Clusters 1–4, 6 and 7 are analo-
gous complexes which demonstrated that the Hg atom could
act as a ‘linker’. Cluster 5 contains ligand and Hg–ligand
moieties that share the same edge of the Os–Os bond. The reac-
tion of [Os5C(CO)15] with [PhHgSC(N��NPh)(��NNHPh)]

resulted in clusters 6 and 7 where two {Os5C(CO)14} moieties
were linked by a mercury atom. However, in the case of
ruthenium carbonyl complexes, this reaction resulted in
binuclear ruthenium carbonyl complexes 8–10 with no
metal–metal bonds instead of the usual mixed-metal
clusters.

Experimental
All reactions and manipulations were carried out under an inert
atmosphere using standard Schlenk techniques. Solvents were
freshly purified by standard procedures prior to use. All chem-
icals, except where stated, were obtained commercially and used
as received. The complexes [PhHgS(C5H4N)] 27 and [PhHg-
(mbt)] 28 were prepared by literature methods. IR spectra were
recorded on a Bio-Rad FTS-7 IR spectrometer, using 0.5 mm
calcium fluoride solution cells. The 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 fast atom bom-
bardment techniques, using m-nitrobenzyl alcohol as the matrix
solvent. Routine purification of products was carried out in air
by thin layer chromatography (TLC) on plates coated with
Merck Kieselgel 60 GF254.

Reaction of [Os3(CO)10(NCMe)2] with [PhHgS(C5H4N)]

A yellow solution of [Os3(CO)10(NCMe)2] (500 mg, 0.536
mmol) in CH2Cl2 was stirred with 1 equivalent of [PhHgS-
(C5H4N)] (208 mg, 0.54 mmol) under N2. The colour gradually
turned red and powdery mercury was also deposited. Stirring
was continued until all starting materials were consumed
(TLC monitoring, ca. 2 h). The reaction mixture was then



2508 J. Chem. Soc., Dalton Trans., 1999,  2497–2510

filtered to remove the very fine powder of mercury and the
filtrate was evaporated in vacuo. The residue was finally redis-
solved in CH2Cl2 (ca. 2 cm3) and separated by preparative TLC
using n-hexane–CH2Cl2 (7 :3 v/v) as the eluent to afford two
bands with Rf ca. 0.7 and 0.55, which were extracted from silica
to yield yellow complex 1 (352 mg, 0.134 mmol, 25%) and
orange complex 2 (341 mg, 0.161 mmol, 30%) respectively
(Found: C, 15.41; H, 0.30; N, 1.09. Calc. for C34H8Hg2N2O24-
Os7S2 1: C, 15.42; H, 0.30; N, 1.07%. Found: C, 16.98; H, 0.37;
N, 1.30. Calc. for C30H8HgN2O20Os6S2 2: C, 16.96; H, 0.38;
N, 1.32%).

Reaction of [Ru3(CO)10(NCMe)2] with [PhHgS(C5H4N)]

To a CH2Cl2 solution of freshly prepared [Ru3(CO)10(NCMe)2]
(85 mg, 0.128 mmol), [PhHgS(C5H4N)] (49 mg, 0.128 mmol)
was added at room temperature. The reaction mixture gradually
changed from pale yellow to red upon addition. Reactions
were completed after stirring for 1 h, as monitored by TLC
and IR. The reaction solution was concentrated in vacuo and
the residue redissolved in CH2Cl2 (ca. 2 cm3) and separated
by TLC using n-hexane–CH2Cl2 (1 :1 v/v). This afforded
[Ru3(CO)12] and a red complex 3 (119.51 mg, 0.061 mmol,
48%) with Rf ca. 0.5 as the sole product (Found: C, 19.69;
H, 0.42; N, 1.47. Calc. for C32H8Hg2N2O22Ru7S2 2: C, 19.74;
H, 0.41; N, 1.44%).

Reaction of [Os3(CO)10(NCMe)2] with [PhHgS(mbt)]
(Hmbt � 2-mercaptobenzothiazole)

A yellow solution of [Os3(CO)10(NCMe)2] (500 mg, 0.536
mmol) in CH2Cl2 was stirred with 1 equivalent of [PhHg(mbt)]
(239 mg, 0.54 mmol) under N2. The colour gradually turned
orange–red and powdery mercury was deposited. Stirring was
continued until all starting materials were consumed (TLC
monitoring, ca. 1.5 h). The reaction mixture was then filtered to
remove the very fine powder of mercury and the filtrate was
evaporated in vacuo. The residue was finally redissolved in
CH2Cl2 (ca. 2 cm3) and separated by preparative TLC using
n-hexane–CH2Cl2 (3 :2 v/v) as the eluent to afford two bands
with Rf ca. 0.8 and 0.65, which were extracted from silica to
yield orange complex 4 (419 mg, 0.188 mmol, 35%) and yel-
low complex 5 (149 mg, 0.107 mmol, 20%), respectively
(Found: C, 18.29; H, 0.40; N, 1.25. Calc. for C34H8HgN2O20-
Os6S4 4: C, 18.26; H, 0.36; N, 1.25. Found: C, 20.75; H, 0.89; N,
2.04. Calc. for C24H12HgN2O10Os3S4 5: C, 20.75; H, 0.86; N,
2.02%).

Thermolysis of cluster 5

Cluster 5 (100 mg, 0.072 mmol) was refluxed in CHCl3 under an
inert atmosphere. The reaction was monitored by TLC and IR
and completed after about 6 h. The solvent was then removed in
vacuo and redissolved in CH2Cl2 (3 cm3). TLC purification
(eluent: n-hexane–CH2Cl2 (1 :1 v/v)) afforded 4 (58 mg, 0.026
mmol, 36%) and unreacted starting material 5 (5 mg, 0.004
mmol, 5%).

Reaction of [Os5C(CO)15] with [PhHgSC(N��NPh)(��NNHPh)]

[Os5C(CO)15] (500 mg, 0.361 mmol) and [PhHgSC(N��NPh)-
(��NNHPh)] (191 mg, 0.361 mmol) were stirred at reflux in
CHCl3 (150 ml) for 12 h after all starting materials had been
consumed. The colour gradually turned from yellow to red-
dish brown. After reduction in volume, the filtrate was separ-
ated by preparative TLC on silica with an eluent of
n-hexane–CH2Cl2 (3 :2 v/v) to give two bands which were
extracted from silica to yield red complex 6 (Rf ca. 0.85, 294
mg, 0.094 mmol, 26%) and purple complex 7 (Rf ca. 0.55, 420
mg, 0.123 mmol, 34%) (Found: C, 16.14; H, 0.33. Calc. for
C42H10HgO28Os10S2 6: C, 16.11; H, 0.32. Found: C, 19.67;

H, 0.60; N, 3.28. Calc. for C56H20HgN8O28Os10S2 7: C, 19.65;
H, 0.58; N, 3.28%).

Reaction of [Ru3(CO)12] with [PhHgSC(N��NPh)(��NNHPh)]

[Ru3(CO)12] (639 mg, 1.0 mmol) and [PhHgSC(N��NPh)-
(��NNHPh)] (530 mg, 1.0 mmol) were dissolved in 50 cm3 of
CHCl3 and the dark red solution allowed to reflux for 3 h. The
reaction mixture was then filtered to remove the very fine
powder of mercury and excess solvent was removed under
reduced pressure, yielding a deep brown residue. This residue
was then dissolved in a minimum amount of CH2Cl2 and
subject to preparative TLC on silica using n-hexane–CH2Cl2

(1 :1 v/v) as eluent. Other than the traces of [Ru3(CO)12], two
orange and one red bands with Rf ca. 0.85, 0.7 and 0.5,
respectively were obtained and characterized as 8 (118 mg,
0.15 mmol, 15%), 9 (122 mg, 0.15 mmol, 15%) and 10 (442
mg, 0.456 mmol, 45%), respectively (Found: C, 46.01; H,
2.69; N, 7.17. Calc. for C30H21N4O5Ru2S2 8: C, 45.98; H, 2.68;
N, 7.15. Found: C, 45.80; H, 2.60; N, 6.90. Calc. for C31H23-
N4O7Ru2S2 9: C, 45.82; H, 2.59; N, 6.90. Found: C, 51.38; H,
3.45; N, 11.43. Calc. for C42H34N8O4Ru2S2 10: C, 51.37; H,
3.47; N, 11.41%).

Carbonylation of complex 8 in CH2Cl2

Complex 8 (20 mg, 0.025 mmol) was dissolved in CH2Cl2 (30
ml) and the orange solution stirred at room temperature for 6 h.
The solvent was removed under reduced pressure and the only
product isolated by TLC, using n-hexane–CH2Cl2 (1 :1, v/v) as
the eluent, was 9 (Rf = 0.85, 15 mg, 0.02 mmol, 75%) accom-
panied by a small amount of unreacted 8 (Rf = 0.7, 3 mg, 0.003
mmol, 15%).

Thermolysis of complex 9

Complex 9 (20 mg, 0.025 mmol) was dissolved in n-hexane (30
ml). The orange solution was refluxed under a dinitrogen
atmosphere. Using IR spectroscopic monitoring, no visible
change was observed after 4 h.

Crystallography

All pertinent crystallographic data and other experimental
details are summarized in Table 12. Intensity data were col-
lected at ambient temperature on either a Rigaku AFC7R dif-
fractometer (complexes 1, 2 and 3) or a MAR research image
plate scanner (complexes 4–10) equipped with graphite-crystal
monochromated Mo-Kα radiation (λ = 0.71073 Å) using ω–2θ

and ω scan types, respectively. The diffracted intensities were
corrected for Lorentz and polarization effects. Absorption cor-
rection by φ-scan techniques was done for 1, 2 and 3. However,
for complexes 4–10, an approximate absorption correction by
interimage scaling was also applied. Scattering factors were
taken from ref. 29(a) and anomalous dispersion effects 29b were
included in Fc. The structures were solved by direct methods
(SIR88 30 for 10; SIR92 31 for 4, 5; SHELX86 32 for 1–3 and 6–9)
and expanded by Fourier-difference techniques (DIRDIF94).33

The solutions were refined by full-matrix least-squares anal-
ysis on F. For all structures, the heavy atoms Hg, Os and S
were refined anisotropically. Attempts to refine all the atoms
anisotropically were made, however, in structures 1–4 and 7,
but led negative anisotropic displacement parameters. There-
fore some non-hydrogen atoms were refined isotropically.
Hydrogen atoms were generated in their ideal positions,
except N(H) which were located from a difference Fourier
synthesis and included in the structure factor calculations
but not refined. Calculations were performed on a Silicon-
Graphics computer, using the program package
TEXSAN.34

CCDC reference number 186/1521.
See http://www.rsc.org/suppdata/dt/1999/2497/ for crystallo-

graphic files in .cif format.
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