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Polyfunctional organomercurials constitute a remarkable class
of Lewis acidic hosts that have proved useful in the domain of
molecular recognition1-3 and catalysis.4 At the fundamental level,
advances made in this field of chemistry have led to the discovery
of hypercoordinated anion complexes in which the anion is four-,5

five-,3,6 and sometimes even six-coordinate.3,7 Realization of such
unusually high coordination number is likely assisted by the
negative charge of the anionic guest. Hence, neutral guest molecules
typically display lower coordination numbers. In addition to two-
coordinate organic carbonyl, nitrile, sulfoxide, and cyclic ether
complexes formed with bidentate 1,2-bis(chloromercurio)benzene
receptors,1b,8 three-,9,10 and rarely four-coordinate1b complexes can
be isolated when macrocyclic polydentate organomercurials are
employed. As part of our continuing interest in the chemistry of
trimeric perfluoro-ortho-phenylene mercury (1)11 as a receptor for
neutral substrates including arenes,9,12we have turned our attention
to the case of thioethers and report on the preparation and structural
characterization of a supramolecular complex that features a
hexacoordinated dimethyl sulfide molecule.

Slow concentration of a dimethyl sulfide solution of1 yields
[1‚(Me2S)2(µ3-Me2S)2] (2), in which four molecules of dimethyl
sulfide are simultaneously bound to the trifunctional Lewis acid1.
Compound2 crystallizes in the triclinic space groupP-1 with two
molecules in the asymmetric unit.13 In both molecules, which
approachC2 symmetry, two of the dimethyl sulfide molecules act
as terminal ligands and coordinate to a single mercury atom via
S‚‚‚Hg interactions of av 3.30 Å (Figure 1). The other two dimethyl
sulfide molecules are located above and below the plane of the
trinuclear complex and interact simultaneously with the three
mercury atoms. In each case, the dimethyl sulfide molecule forms
one short Hg‚‚‚S interaction (av 3.24 Å) and two longer ones (av
3.47 Å). The range of these Hg‚‚‚S interactions, however, is narrow
so that the dimethyl sulfide can be regarded as symmetrically
coordinated to the three mercury atoms. While there is no precedent
for triply bridging dialkyl sulfide molecule, we note that complexes
featuring aµ3-water molecule were reported by Hawthorne.14 In 2,
the structure of the triply coordinated dimethyl sulfide molecules
is close to that described for the free molecule in the gas phase.15

Although no previous structural data is available for adducts
involving a dialkyl sulfide and an organomercurial,16 the length of
the Hg‚‚‚S linkages observed in2 remains within the sum of the
van der Waals radii for sulfur (rvdw ) 2.03 Å)17 and mercury (rvdw

) 1.73-2.00 Å),18 indicating the presence of secondary interactions.
These secondary interactions are shorter than those observed in the

structure of [tht‚HgCl2] (3.89 Å) but remain longer than the primary
Hg-S bond (2.40 Å) found in this adduct.19 The small dihedral
angles of 33.9-38.4° formed between the plane containing the three
mercury atoms and the plane containing the sulfur and carbon atoms
of the triply coordinated dimethyl sulfide molecules suggest that
only one of the sulfur atom lone pairs participates in bonding with
the neighboring mercury atoms. Hence, on the basis of this structural
analysis, we propose that each triply bridging dimethyl sulfide
molecule is held by a 4c-2e bond involving overlap of a sulfur
lone pair with the three vacant 6p orbitals of the juxtaposed mercury
centers (Figure 2). This situation is comparable to that encountered
in complexes featuring bridging phosphines.20 Finally, the S(1)-
Hg(2)-S(4) (162.22(10)°) and S(2)-Hg(3)-S(3) (163.15(12)°)
angles are close to linear, thus suggesting participation of a unique
Hg(2) and Hg(3) 6p orbital in the binding of the two trans dimethyl
sulfide ligands at these metal centers.

Crystals of2 become quickly opaque when removed from the
mother liquor. Elemental analysis carried out on the resulting
material indicates the loss of exactly 3 equiv of dimethyl sulfide,
thus suggesting the formation of a stable 1:1 adduct [1‚Me2S]. While
the crystallinity of the resulting material was not sufficient for X-ray
analysis, addition of excess dimethyl sulfide to a solution of1 in

Figure 1. Molecular structure of one of the two molecules present in the
asymmetric unitof2 (30% ellipsoid); F and H atoms omitted for clarity.
Selected bond lengths [Å] Hg(1)-C(1) 2.07(2), Hg(1)-C(14) 2.10(2),
Hg(1)-S(2) 3.198(7), Hg(1)-S(1) 3.269(7), Hg(2)-C(7) 2.07(2), Hg(2)-
C(2) 2.08(2), Hg(2)-S(4) 3.371(7), Hg(2)-S(2) 3.424(8), Hg(2)-S(1)
3.452(6), Hg(3)-C(8) 2.05(2), Hg(3)-C(13) 2.05(2), Hg(3)-S(3) 3.229(9),
Hg(3)-S(1) 3.499(7), Hg(3)-S(2) 3.508(7).

Figure 2. Proposed orbital diagram depicting the bonding interaction
between Me2S and the Hg centers of1 in 2 (left) and3 (right).

Published on Web 08/08/2003

10492 9 J. AM. CHEM. SOC. 2003 , 125, 10492-10493 10.1021/ja036197n CCC: $25.00 © 2003 American Chemical Society



1,2-dichloroethane followed by slow evaporation led to the crystal-
lization of an adduct of identical stoichiometry which has been iden-
tified as [1‚µ6-Me2S]n (3). Compound3 is stable at room temper-
ature but loses dimethyl sulfide above 100°C as indicated by TGA
analysis.

The structure of compound3 reveals extended stacks that run
parallel to one another.13 Each stack has crystallographically
imposedC2 symmetry and consists of staggered molecules of1
that sandwich molecules of dimethyl sulfide (Figure 3). The
molecules of1 deviate slightly from planarity and adopt a propeller
conformation. Within each stack, the trinuclear cores of the
successive molecules of1 are not parallel and form a dihedral angle
of 45.4°. This arrangement results in the generation of pockets
which are occupied by the dimethyl sulfide molecules. As a result
of this unique arrangement, the sulfur atom of the dimethyl sulfide
molecule interacts simultaneously with the six mercury atoms
provided by the two juxtaposed molecules of1 (Figure 3). The
resulting Hg(1)‚‚‚S and Hg(2)‚‚‚S distances of 3.571(3) and 3.543(7)
Å, are slightly longer than those observed in2 for the triply
coordinated dimethyl sulfide molecules but remain within the sum
of the van der Waals radii of the two elements. The Hg3 centroid-
S-Hg3 centroid angle of 135.6° only slightly exceed the value of
125° typically observed for the metal-S-metal angle found in
complexes featuring aµ2-dimethyl sulfide ligand bridging two
independent metal moieties.21 This observation indicates that the
sulfur lone pairs point toward the center of each neighboring
molecules of1. Hence, elaborating on the bonding description
provided for 2, we propose that the dimethyl sulfide molecule
participates in two distinct 4c-2e bonds involving each of its lone
pairs and sets of three 6p mercury orbitals (Figure 2). The dihedral
angle of 22.7° formed between the plane containing the three
mercury atoms and the plane containing the sulfur and carbon atoms
of the dimethyl sulfide molecules lends support to this proposal.
The structure of3 is reminiscent of that of the anionic complex
[1‚SCN]- reported by Shur.22 This anionic complex adopts an
extended structure which consists of alternating molecules of1 and
SCN- ions. Unlike in neutral3, the sulfur atoms of the SCN- ion
in [1‚SCN]- interact unsymmetrically with the mercury atoms of
the neighboring molecules of1 with which it forms four short Hg‚
‚‚S bonds that range from 3.06(1) to 3.36(1) Å and two long bonds
of 3.74(1) and 3.87(1) Å whose length approaches the limit for the
involvement of dative interactions.

In conclusion, we report the structure of a supramolecular com-
plex which features aµ6-dimethyl sulfide molecule. This represents

an unusually high coordination mode for a neutral dialkyl sulfide
molecule which typically serves as a terminal orµ2-bridging ligand.
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Figure 3. (Left) View showing the coordination of the sulfur atom in the
structure of3 (50% ellipsoid); F and H atoms omitted for clarity. Selected
bond lengths [Å]: Hg(1)-C(1) 2.04(2), Hg(1)-S 3.571(3), Hg(2)-C(7)
2.09(2), Hg(2)-C(2) 2.09(2), Hg(2)-S 3.543(7). (Right) Space filling view
of a portion of a stack in the structure of3. Color code: C, gray; H, blue;
F, green; and Hg, red; S, yellow.
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