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New Iron ± Mercury Clusters:
[Hg7{Fe(CO)4}5(StBu)3Cl],
[Hg14Fe12{Fe(CO)4}6S6(StBu)8Br18], and
[Hg39Fe8{Fe(CO)4}18S8(StBu)14Br28]**
Dieter Fenske* and Marco Bettenhausen

The reaction of coinage-metal salts with phosphanes and
silylated chalcogen derivatives has already led to a great
number of new compounds.[1] For example, the reaction of
PR3 complexes (R� organic group) of copper and silver

halides with silylated derivatives of selenium and tellurium
led to the isolation and characterization of many Cu ± Se
clusters such as [Cu146Se72(PPh3)30],[2] and a large number of
Ag ± Te clusters such as [Ag48(nBuTe)24Te12(PEt3)14].[3] This
method was applied recently for the synthesis and subsequent
structure determination of [Cd32Se14(SePh)36(PPh3)4] and
[Hg32Se14(SePh)36].[4] These compounds have similar struc-
tures to the previously described [Cd32Se14(SR)36(L)4] clusters
(R� organic group; L�H2O, DMF).[5] The compound
[Hg32Se14(SePh)36] can be formed by the treatment of
[Fe(CO)4(HgCl)2] with PhSeSiMe3. The synthesis of
[Fe(CO)4(HgCl)2] was described in 1928 by Hock and
Stuhlmann.[6] Recently the phosphane-bridged mercury clus-
ter [{(HgPtBu)4}3] was synthesized by the treatment of
[Fe(CO)4(HgOAc)2] with tBuP(SiMe3)2;[7] this cluster is not
accessible from the reaction of HgCl2 with silylated phos-
phanes.

In this work we present the reactions of [Fe(CO)4(HgX)2]
(X�Cl, Br) with the silylated sulfur derivative tBuSSiMe3.
Only a few examples of metal-rich chalcogen-bridged mer-
cury complexes, such as the adamantane-like compounds
[Hg4(SPh)6(PPh3)4](ClO4)2, [Hg4(SPh)5(m2-Br)Br4](PPh4)2,[8]

and the complex [Hg4(tBuS)4(m2-Cl)2(Cl)2(py)2][9] have been
reported. Clegg and Sola et al.[10] have isolated the compound
[Hg7(SC6H11)12Br2], and characterized it by X-ray crystallog-
raphy.

Treatment of a suspension of [Fe(CO)4(HgX)2] (X�Cl, Br)
in toluene with tBuSSiMe3 affords a yellow-red solution
within a few days. Crystals of the iron ± mercury clusters 1 ± 3,
which were characterized by X-ray crystallography, were
grown directly from this solution or by layering with n-
heptane (Scheme 1).[11]

Scheme 1. Synthesis of the iron ± mercury clusters 1 ± 3.

The reaction of [Fe(CO)4(HgCl)2] with tBuSSiMe3 leads to
a yellow solution from which orange needles of 1 (Figure 1)
crystallize. Compound 1 consists of an Hg3Fe2 (Hg5-Fe4-Hg6-
Fe5-Hg7) and an Hg4Fe3 fragment (Hg1-Fe1-Hg2-Fe2-Hg3-
Fe3-Hg4). These Hg ± Fe chains are linked together by three
sulfur atoms from the tBuS groups and a chlorine atom. The
chlorine atom is in the center of the molecule with Hg ± Cl
bond lengths of 298.2(7) ± 359.6(7) pm. These values lie
significantly above the sum of the ionic radii of Hg2� and
Clÿ(Cl ± Hg1 302.5(7), Cl ± Hg5 303.5(7), Cl ± Hg7
298.2(7) pm) or in the range of the van der Waals radii (Cl ±
Hg2 3596(7), Cl ± Hg3 330.4(7), Cl ± Hg4 337.0(7), Cl ± Hg6:
348.7(7) pm). Thus, the Hg ± Cl bonds are very weak. In
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Figure 1. The molecular structure of 1 in the crystal. Hg ± Cl bonds are
shown up to 330 pm. Selected bond lengths [pm] and angles [8]: Hg ´´´ Hg
329.4(2) ± 373.1(2); Hg-Fe-Hg 80.21(10) ± 88.65(11); Cl ± Hg1 302.5(7), Cl ±
Hg5 303.5(7), Cl ± Hg7 298.2(7); Hg with coordination number 3 (Hg3,
Hg5): Hg ± Fe 254.1(4) ± 267.2(4), Hg ± S 254.9(8) ± 281.9(7), sum of the
angles 355.3 ± 359.6; Hg with coordination number 2 (Hg1, Hg2, Hg4, Hg6,
Hg7): Hg ± Fe 250.5(4) ± 257.6(4), Hg ± S 241.3(8) ± 245.0(8); Fe-Hg-Fe and
Fe-Hg-S 167.5(2) ± 175.3(2).

agreement with this the estimated values for nij, calculated
from the equation developed by Brese and O�Keeffe, are in
the range 0.3 ± 0.14.[12] If the chlorine atom is not considered
because of the long Hg ± Cl bond lengths, the mercury atoms
have either a distorted trigonal planar (Hg3 and Hg5) or
almost linear coordination environment (Hg1, Hg2, Hg4, Hg6,
and Hg7). All the iron atoms (as in the reactant) are in
distorted octahedral environments, coordinated by four CO
ligands and two cis-positioned Hg atoms (Hg-Fe-Hg angle:
80.21(10) ± 88.65(11)8). In [Fe(CO)4(HgCl)2] the average Hg-
Fe-Hg angle is 80.98.[13] Because of the large Hg ± Hg distances
(329.4(2) ± 373.1(2) pm) one can assume that only very weak
interactions between the Hg atoms exist, which are clearly
weaker than in [{(h5-CH3C5H4)Mn(CO)2Hg}4] in which the
Hg ± Hg bond lengths were found to be 289 pm.[14] Similar
bonding relationships are found in [{(HgPtBu)4}3] (Hg ± Hg:
333.0(1) ± 356.4(1) pm).[7]

Reaction of [Fe(CO)4(HgBr)2] with tBuSSiMe3 in toluene
leads to 2 and 3. Compound 2 is formed by layering the
reaction mixture with n-heptane, and crystallizes in the form
of small orange crystals after two weeks. Figure 2 shows the
molecular structure of the Hg14Fe12 cluster 2 ; the CO ligands
attached to the Fe atoms and the tBu groups attached to the S
atoms have been omitted for the sake of clarity. An inversion
center is located in the center of the cluster. As in 1 the
periphery contains six FeHg2 units (Hg1-Fe-Hg2, Hg3-Fe2-
Hg4, Hg5-Fe3-Hg6, and their symmetry equivalents), which
are also present in the reactant. The iron atoms Fe1, Fe2, Fe3,
Fe1', Fe2', and Fe3' are coordinated in a distorted octahedral
fashion by four CO ligands and two cis-positioned Hg atoms
(Hg-Fe-Hg angle: 77.96 ± 79.62(9)8). The shortest Hg ± Hg
bond length is 318.2 pm and is thus about 12 pm shorter than
those in 1.

Figure 2. The molecular structure of 2 in the crystal (without C, H, and O
atoms). There are four CO groups coordinated to each of the iron atoms
Fe1 ± Fe3 and Fe1' ± Fe3' and a tBu group to the sulfur atoms S1 ± S4 and
S1' ± S4'. Selected bond lengths [pm] and angles [8]: HgI ± HgI 245.6(10) ±
254.6(8), HgI ± S 237.1(6) ± 250.2(8), HgII ´ ´ ´ HgII 318.2(2) ± 322.5(1); Hg-Fe-
Hg 77.96(9) ± 79.62(9); HgII ± S 240.2(5) ± 242.4(5), Hg ± Fe 251.0(3) ±
253.6(3), Fe ± S 233.4(5) ± 240.3(6), Fe ± (m2-Br) 246.0(3) ± 251.3(4), Fe ±
Brterminal 234.3(4) ± 236.4(4).

The iron atoms Fe4 ± Fe9 (and their symmetry equivalents)
have distorted tetrahedral environments, coordinated by Brÿ,
tBuSÿ, and S2ÿ ligands. The core of the cluster contains six m3-
bridging S2ÿ ligands (S5, S6, S7, S5', S6', and S7') that form a
trigonal antiprism. Within this antiprism there is a threefold
disordered mercury ªdumbbellº (Hg7 and Hg7'); each
possible position is found between opposite pairs of sulfur
atoms with Hg ± Hg bond lengths of 245.6(10) ± 254.6(8) pm
and Hg ± S bond lengths of 237.1(6) ± 250.2(8) pm.

There are several facts that support the existence of an
Hg2�

2 dumbbell. On the one hand a short Hg ± Hg distance is
also observed in the compounds [Hg2(p-SC6H4NO2)]NO3

(254.8 pm)[15] and [Hg2S2C4H4](NO3)2 (252.7 pm).[16] The
Hg ± S bond lengths in 2 are, however, 10 pm shorter than
those reported in the literature. On the other hand the
estimation of the valence sum according to Brese and
O�Keeffe[12] for Hg7 is 1.2 and for the rest of the mercury
atoms in the Hg2Fe fragments 2.0.[17] Furthermore the overall
charge of the cluster with the Hg2�

2 dumbbell is balanced.
If we assume that tBuSÿ, S2ÿ, Brÿ, and (Fe(CO)4)2ÿ ligands

are present, then we arrive at a formal charge of �50 for the
Hg14Fe12 cluster. Following the above assumption that the
central Hg2 dumbbell has a charge of �2 and the rest of the
mercury atoms (Hg1 ± Hg6 and their symmetry equivalents)
have a formal oxidation state of �2, then the tetrahedrally
coordinated Fe atoms (Fe4 ± Fe9 and symmetry equivalents)
must have a formal oxidation state of�2. This is supported by
the fact that the valance sum of the Fe atoms Fe4 ± Fe9 lies
between 2.3 and 2.4.

Orange needles of 3 crystallize within a few weeks directly
from the mother liquor. The crystal structure of 3 (Figure 3)
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shows that it is built up from two Hg19Fe13 clusters that are
linked together by a bridging central Hg atom (Hg1), which is
situated on an inversion center. The CO and tBu groups are
omitted from Figure 3b for the sake of clarity. Hg1 is linearly
coordinated by two S atoms from tBuS groups if one ignores
the Br3 center that lies within the coordination sphere of Hg1
at a distance of 315.3 pm. The FeHg2 units, which are present
in the reactant, are also found again in this cluster (Fe2 ± Fe7,
Fe11 ± Fe13, and their symmetry equivalents). However, there
are also Hg (Hg1, Hg20) and Fe atoms (Fe1, and Fe8 ± Fe10)
that have no Hg ± Fe bonds. A characteristic of this cluster is
an almost planar Fe3S3 six-membered ring (S7, Fe8, S6, Fe10,
S8, Fe9) in the center of the Hg19Fe13 fragment. The largest
deviation of any atom out of the plane of this six-membered
ring is about 13 pm. Holm et al.[18] have reported an iron

thiolate compound [Fe3(SR)3X6]3ÿ (R� organic group, X�
Cl, Br) in which the Fe3(SR)3 structure corresponds to that
found in the center of the Hg19Fe13 fragment.

If the Hg19Fe13 cluster is described starting from the six-
membered ring, then three S-Hg-Fe-Hg-S-Hg chains (e.g., S6-
Hg14-Fe11-Hg15-S9-Hg20) connect one sulfur atom from the
six-membered ring to a terminal Hg atom (Hg20) and likewise
three S-Hg-Fe-Hg-Br-Fe-S-Hg chains (e.g., S6-Hg3-Fe2-Hg2-
Br2-Fe1-S1-Hg1) link the Fe3S3 ring to the bridging Hg atom
(Hg1). The first mercury atom (Hg3) is linked through a
bridging sulfur atom (S3) to a further H2Fe unit (Hg4-Fe3-
Hg5) that lies in the plane of the six-membered ring. As in 1,
the Hg atoms in 3 have the formal charge of �2 (d10

configuration). Correspondingly one observes only very long
Hg ± Hg contacts of the order of 306.4(2) pm.

Figure 3. Two views of the molecular structure of 3. a) With all heavy atoms. b) Without the C, H, and O atoms. The
Hg ± Br bonds are shown up to 334 pm. Selected bond lengths [pm] and angles [8]: Hg ´´´ Hg 306.4(2) ± 336.5(2); Hg-Fe-Hg
74.04(11) ± 83.71(11); Hg ± Fe 251(2) ± 256.3(4), Hg1 ± S1 235.7(9), Hg ± (m2-S) 237.8(13) ± 259.2(8), Hg ± (m3-S2) 244.5(6) ±
245.0(6), Hg ± (m4-S) 239.7(7) ± 280.3(7), Fe ± S 230.3(9) ± 236.8(9), Hg ± Br14 246.0(5), Hg ± Br 250.3(3) ± 252.7(13), and
292.3(4) ± 333.4(7).
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Supramolecular Daisy Chains**
Peter R. Ashton, Ian Baxter, Stuart J. Cantrill,
Matthew C. T. Fyfe, Peter T. Glink, J. Fraser Stoddart,*
Andrew J. P. White, and David J. Williams*

The appeal that interlocked molecular assemblies and
intertwined superarchitectures holds for chemists is reflected
in the extensive literature[1] devoted to the construction and
characterization of such systems. A natural development is
the fabrication of interwoven[2] supermolecules and supra-
molecular arrays by the noncovalent oligomerization/poly-
merization[3] of self-complementary (plerotopic[4]) monomer-
ic species. An approach that offers much potential involves[5] a
plerotopic macrocyclic monomer that can oligomerize or
polymerize through noncovalent bonds. However, this mono-
mer must be designed in such a way that its two comple-
mentary sites are compelled to recognize each other in an
intermolecular,[6] rather than an intramolecular,[7] sense; that
is, the plerotopic monomer must be prevented from ªbiting its
own tailº and encouraged to form a ªdaisy chainº[8] instead
(Figure 1).

Experimental Section

1: tBuSSiMe3 (0.53 mL, 2.7 mmol) was added to a suspension of
[Fe(CO)4(HgCl)2] (0.43 g, 0.67 mmol) in toluene (20 mL) at room temper-
ature. A yellow powder precipitated immediately, and the solution turned
yellow within two days. After three days orange needles of 1 were formed
in the solution (yield 45%).

2 : tBuSSiMe3 (0.18 mL, 0.9 mmol) was added to a suspension of
[Fe(CO)4(HgBr)2] (0.34 g, 0.47 mmol) in toluene (20 mL) at room temper-
ature. The brown solution was layered with n-heptane and after two weeks
small orange crystals of 2 were formed together with a black-brown
precipitate (yield 15 %).

3 tBuSSiMe3 (0.27 mL, 1.4 mmol) was added to a suspension of
[Fe(CO)4(HgBr)2] (0.50 g, 0.7 mmol) in toluene (20 mL) at room temper-
ature. Within a few weeks, a light brown precipitate and orange crystals of
3 were formed from the yellow-brown solution (yield 30%). Satisfactory
elemental analyses (Hg, Fe, C, and H) were obtained for 1 ± 3.
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