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The pyrimidinethiolate complexes �
3[Zn(S-2-N2C4H3)2],

�
2[Cd(S-2-N2C4H3)2] and [Hg(S-2-N2C4H3)2] have been pre-
pared by reaction of MCl2 (M = Zn, Cd, Hg) with 2 equiv. of
Me3SiS-2-N2C4H3 in organic solvents, whilst [Cd(S-2-
N2C4H3)2(tmeda)] was obtained by recrystallisation of
�
2[Cd(S-2-N2C4H3)2] in TMEDA at 40 °C. The structures of
the complexes were determined by single-crystal X-ray crys-
tallography, which shows that the different metal atoms each
have different coordination environments. The zinc atom in
�
3[Zn(S-2-N2C4H3)2] exhibits a tetrahedral coordination with
one sulfur and three nitrogen atoms from pyrimidinethiolate
ligands, whereas the cadmium atoms in �

2[Cd(S-2-N2C4H3)2]

Introduction

There has been considerable interest in the past in the
synthesis and coordination properties of chalcogenolates,
comprising an amine-based heterocyclic ring, towards
group 12 transition metal elements. Heterocyclic thiols, like
pyridinethiol or pyrimidinethiol, are some of the most ver-
satile sulfur donor ligands as they can act as monodentate
or chelating ligands in the neutral form or as monodentate,
chelating and bridging ligands between two or three metal
atoms when anionic to yield oligo- or polymeric species.[1,2]

Several factors determine the degree of aggregation. [Cd(S-
2-NC5H4)2][3] and [Zn{S-4,6(CH3)2-2-N2C4H}2],[4] for ex-
ample, are polymeric, while the additional presence of pyri-
dine in the case of the zinc complex leads to the isolation
of the monomeric species [Zn{S-4,6(CH3)2-2-
N2C4H}2(NC5H5)].[5] Additional bonding of bulky groups
near the donor atoms in cadmium complexes leads to a
reduction of aggregation, as can be seen in [Cd{S-4,6(CH3)2-
2-N2C4H}2]6,[6] which is hexanuclear, and the dimeric
[Cd{S-3(CH3)3Si–NC5H4}2]2,[7] which contains the more
bulky trimethylsilyl substituent close to the sulfur donor
atom. However, [Cd(S-4-CH3-6-CF3-2-N2C4H)2] is also
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and [Cd(S-2-N2C4H3)2(tmeda)] are six-coordinate with either
three sulfur and three nitrogen atoms or two sulfur and four
nitrogen atoms. In contrast, the mercury atoms in [Hg(S-2-
N2C4H3)2] display a distorted square-planar coordination to
a pair of chelating –S-2-N2C4H3 ligands with additional weak
Hg–S interactions to adjacent molecules. While known cad-
mium and zinc pyrimidinethiolate complexes consist of one-
dimensional chains, �

3[Zn(S-2-N2C4H3)2] and �
2[Cd(S-2-

N2C4H3)2] form either three- or two-dimensional polymeric
networks of metal atoms.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

found to consist of polymeric chains containing octahe-
drally cis-coordinated cadmium atoms.[8] Further influence
on the aggregation behaviour also arises from the coordina-
tion chemistry of the different metal ions, with mercury pre-
ferring lower coordination numbers, as, for example, in
[Hg(C5H4NS)2][9] and [Hg{S-4,6-(CH3)2-2-N2C4H}2].[10] As
well as their rich structural chemistry, additional interest in
these ligands also arises from their relationship to pyridine
and pyrimidine bases and their nucleosides and nucleotides,
which have important roles in living systems, with zinc be-
ing bonded to several enzymes and proteins, as well as the
search for new antidotes to mercury poisoning.[10] Finally,
their also exists a materials aspect to this chemistry as re-
lated complexes of cadmium with the general formula
[Cd(E-2-NC5H6)2]n (E = S,[11] Se[12]) have been found to be
volatile CVD precursors for 12/16 semiconductors.

As a result of our general interest in structural studies
of group 12 metal chalcogenide complexes,[13–17] we started
studies on the ligand –S-4-N2C4H3, which has been re-
ported to yield [M(S-2-N2C4H3)2] (M = Zn, Cd) in an elec-
trochemical synthesis.[18] However, crystal structures have
not been reported to date. Herein, the structures of [M(S-
2-N2C4H3)2]n (M = Zn, Cd, Hg) are reported and the com-
plexes synthesised by an organometallic approach.

Results and Discussion
The pyrimidinethiolate complexes �

3 [Zn(S-2-N2C4H3)2]
(1), �

2 [Cd(S-2-N2C4H3)2] (2) and [Hg(S-2-N2C4H3)2] (3)
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were prepared as crystalline precipitates by reaction of an-
hydrous MCl2 (M = Zn, Cd, Hg) with 2 equiv. of (CH3)3-
SiS-2-N2C4H3 in organic solvents according to Scheme 1.
Recrystallisation of 2 from TMEDA at room temperature
yielded [Cd(S-2-N2C4H3)2(tmeda)] (4) nearly quantitatively
along with some remaining 2. Completion of this reaction
was achieved by storing the suspension at 40 °C in a dry
oven for one week.

Scheme 1.

Complex 1 crystallises in the orthorhombic space group
Pna21. The zinc atoms in 1 are bridged in three dimensions
by pyrimidinethiolate ligands to form an infinite network
(Figure 1b). A view of a mononuclear fragment is given in
Figure 1a, which shows a distorted tetrahedral coordination
environment around the zinc atom formed by three nitrogen
atoms [N(1), N(3) and N(4)] and one sulfur atom [S(1)].
These atoms belong to two differently coordinating –S-2-
N2C4H3 ligands in either coordination mode D or E
(Scheme 2). One of them, formed by C(1)–C(4), N(1), N(2)
and S(1), bridges a neighbouring zinc atom through the sul-
fur atom and one nitrogen atom of the ligand, while the
additional nitrogen atom N(2) is not involved in further co-
ordination. The other pyrimidinethiolate ligand, consisting
of C(5)–C(8), N(3), N(4) and S(2), bridges two adjacent
zinc atoms through two of its nitrogen atoms [N(3) and
N(4)] whilst the sulfur atom S(2) remains uncoordinated.
Neither bridging mode has been observed before in related
zinc and cadmium pyrimidinethiolate complexes, which
usually comprise a bidentate chelating coordination mode
of the ligands towards the metal atoms through a sulfur
and a nitrogen atom, as found in [Zn{S-4,6(CH3)2-2-
N2C4H}2][4] or [Zn{S-4,6(CH3)2-2-N2C4H}2(NC5H5)].[5]

However, the Zn–N (205.3–209.8 pm) and Zn–S (234.4 pm)
bond lengths in 1 are comparable to the related distances
observed in theses complexes. The three-dimensional net-
work in 1 is formed by helical chains of alternating zinc
atoms and pyrimidinethiolate ligands in bridging mode D
arranged along the crystallographic c-axis (21 symmetry)
which are themselves further crosslinked through –S-2-
N2C4H3 ligands in the coordination mode E (Figure 1b).
This differs from known structures formed by pyrimidine-
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and pyridinethiolates with group 12 transition elements,
such as [Cd(S-2-NC5H4)2],[3] [Zn{S-4,6(CH3)2-2-
N2C4H}2],[4] [Cd(S-4-CH3-6-CF3-2-N2C4H)2][8] and
[Hg(C5H4NS)2],[9] which all consist of chain structures.

Figure 1. a) View of the coordination sphere of the zinc atom in
[Zn(S-2-N2C4H3)2] (1). b) Section of the three-dimensional poly-
meric network in 1. Symmetry transformation for generation of
equivalent atoms I: x + 1/2, –y + 3/2, z; II: –x, –y + 1, z + 1/2; III:
x – 1/2, –y + 3/2, z; IV: –x, –y + 1, z – 1/2. Selected bond lengths
[pm] and angles [°]: Zn(1)–N(4) 205.3 (10), Zn(1)–N(3) 206.5(11),
Zn(1)–N(1) 209.8(12), Zn(1)–S(1) 234.4(4); N(4)–Zn(1)–N(3)
106.1(4), N(4)–Zn(1)–N(1) 107.0(4), N(3)–Zn(1)–N(1) 104.7(4),
N(4)–Zn(1)–S(1) 127.2(3), N(3)–Zn(1)–S(1) 109.1(3), N(1)–Zn(1)–
S(1) 100.7(3).

Complex 2 crystallises in the orthorhombic space group
Pbca. Figure 2 shows a view of the coordination sphere of
the cadmium atom (Cd1) in 2, which is six-coordinate with
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Scheme 2. Schematic drawing of the coordination modes of the
pyrimidinethiolate ligand (–S-2-N2C4H3) found in 1–4.

three sulfur [S(1), S(2) and S(2�)] and three nitrogen atoms
[N(1)–N(3)]. Two pairs of sulfur and nitrogen atoms [S(2�),
N(3) and S(1), N(1)] belong to two –S-2-N2C4H3 ligands
that chelate the cadmium atom with bite angles of 59° and
61.6(1)° for N(3)–Cd(1)–S(2�) and N(1)–Cd(1)–S(1), respec-
tively. These values are comparable to those found in the
monomeric complex [Cd(S-2-N2C4H3)2(phen)].[18] How-
ever, further coordination of each of the pyrimidine-2-thiol-
ate ligands is different, with one of the ligands coordinating
additionally through the sulfur atom [S(2�)] to a neighbour-
ing cadmium atom [Cd(1�)] to form an asymmetric µ2-S-2-
N2C4H3 bridge and the other additionally binding through
the free nitrogen atom [N(2��)] to another neighbouring
cadmium atom [Cd(1��)]. Whilst the Cd–S bond of the pure
chelating µ2-S-2-N2C4H3 ligand [Cd(1)–S(1): 261.2(2)] is
comparable to that found in the monomeric complex [Cd(S-
2-N2C4H3)2(phen)], the Cd–S bonds of the other pyrimi-
dine-2-thiolate ligand, which acts as both a bidentate and a
µ2-bridging ligand, exhibit one shorter [Cd(1)–S(2):
260.3(2) pm] and one longer distance [Cd(1)–S(2�)
292.6(2) pm]. This effect of a weakening of the Cd–S chelat-
ing bond upon formation of additional µ2-bridges has also
been observed to a different extent in other complexes that
contain heterocyclic thiolates as ligands, such as [Cd(S-2-
NC5H4)2],[3] [Cd{S-4,6-(CH3)2-2-N2C4H}2]6,[6] [Cd{S-3-
(CH3)3SiNC5H4}2]2[7] and [Cd(S-4-CH3-6-CF3-2-N2-
C4H)2].[8] The Cd–N bond lengths, which range from
233.3(5) to 248.0(6) pm, are also comparable to those found
for the six-coordinate cadmium complexes mentioned
above. In the crystal structure (Figure 2b), each cadmium
atom is therefore linked to a total of three other cadmium
atoms. One connection consists of two µ2-S-2-N2C4H3 brid-
ges, each of which additionally chelates one of the two cad-
mium atoms, and the other two linkages are each formed
by a single –S-2-N2C4H3 ligand in two inverted coordina-
tion forms. In one case the ligand chelates the central cad-
mium atom and acts as a monodentate ligand through the
other nitrogen atom towards the neighbouring metal atom
and in the other case the other way round. In this way 2
forms a distorted two-dimensional honeycomb network in
the 011 plane which is in contrast to related structures in
the literature which consist of one-dimensional polymeric
structures.
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Figure 2. a) View of the coordination sphere of the cadmium atoms
in [Cd(S-2-N2C4H3)2] (2). b) Section of the two-dimensional poly-
meric network in 2 viewed along a. Symmetry transformation for
generation of equivalent atoms I: –x, –y, –z + 1; II: –x, y + 1/2, –z
+ 3/2; III: –x, y – 1/2, –z + 3/2. Selected bond lengths [pm] and
angles [°]: Cd(1)–N(1) 248.0(6), Cd(1)–N(2) 240.2(5), Cd(1)–N(3)
233.3(5), Cd(1)–S(1) 261.2(2), Cd(1)–S(2) 260.3(2), Cd(1)–S(2)�
292.7(2); N(3)–Cd(1)–N(2) 90.4(2), N(3)–Cd(1)–N(1) 95.3(2),
N(2)–Cd(1)–N(1) 113.3(2), N(3)–Cd(1)–S(2) 96.5(2), N(2)–Cd(1)–
S(2) 91.9(1), N(1)–Cd(1)–S(2) 152.1(1), N(3)–Cd(1)–S(1) 156.5(1),
N(2)–Cd(1)–S(1) 95.0(1), N(1)–Cd(1)–S(1) 61.6(1), S(2)–Cd(1)–
S(1) 106.1(1), N(3)–Cd(1)–S(2)� 59.0(1), N(2)–Cd(1)–S(2)� 148.5(1),
N(1)–Cd(1)–S(2)� 79.4(1), S(2)–Cd(1)–S(2)� 85.3(1), S(1)–Cd(1)–
S(2)� 115.9(1).

Complex 3 crystallises in the monoclinic space group
P21/n with two independent molecules 3a and 3b, which
differ slightly in their geometry, in the asymmetric unit
(Figure 3). In both molecules the mercury atoms are four-
coordinate and are chelated by two –S-2-N2C4H3 ligands in
a bidentate fashion through the sulfur atom and one nitro-
gen atom, with S–Hg–N bite angles ranging from 59.65°
to 61.35° (coordination mode A in Scheme 2). Molecule 3a
[Hg(2), S(3), S(4), N(5)–N(8), C(9)–C(16)] (Figure 3a) exhi-
bits an almost square-planar coordination of the mercury
atom with a maximum deviation of 0.151(4) pm for S(4)
from the molecular plane and a torsion angle along C(9)–
S(3)–S(4)–C(13) of 176.9°. In molecule 3b [Hg(1), S(1), S(2),
N(1)–N(4), C(1)–C(8); (Figure 3b)], the pyrimidinethiolate
ligands are twisted from this plane to give a torsion angle
of 151.9° along C(1)–S(1)–S(2)–C(5). Mean Hg–S bond
lengths of around 235.4 pm as well as mean Hg–N separa-
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tions around 287.9 pm are comparable to those found in
similar compounds like [Hg(C5H4NS)2][9] and [Hg{S-4,6-
(CH3)2-2-N2C4H}2].[10] Additional weaker Hg–S separa-
tions with a mean value of 329.9 pm lead to the formation
of one-dimensional chains for both forms of 3a and 3b
(shown only for 3b in Figure 3b). While the mercury thiopy-
ridine structure also contains mercury() ions in a square-
planar environment with a similar chain structure, the pyr-
imidinethiolate derivative exhibits five-coordinate metal
atoms, which leads in the crystal structure to the formation
of a helix-like polymer chain of the molecular units.

Figure 3. Molecular structures of the two independent molecules
in [Hg(S-2-N2C4H3)2] (3a/3b) with a drawing of the chain structure
formed by weak intermolecular Hg–S interactions (dotted lines).
Selected bond lengths [pm] and angles [°]: Hg(1)–S(2) 235.0(2),
Hg(1)–S(1) 236.0(2), Hg(1)–N(4) 290.7(7), Hg(1)–N(2) 281.5(6),
Hg(2)–S(4) 234.9(2), Hg(2)–S(3) 235.5(2), Hg(2)–N(5) 286.0(6),
Hg(2)–N(7) 293.5(6); S(2)–Hg(1)–S(1) 176.06(7), S(1)–Hg(1)–N(2)
61.4(1), S(2)–Hg(1)–N(4) 60.1(1), N(4)–Hg(1)–N(2) 157.1(1), S(4)–
Hg(2)–S(3) 178.7(1), S(4)–Hg(2)–N(7) 59.7(1), S(3)–Hg(2)–N(5)
60.8(1), N(5)–Hg(2)–N(7) 177.3(1). Weak intermolecular Hg–S in-
teractions [pm]: Hg(1)···S(1) 322.9, Hg(1)···S(2) 338.8, Hg(2)···S(3)
331.1, Hg(2)···S(4) 326.7.

Monomeric 4 crystallises in the monoclinic space group
P21/n (Figure 4) and exhibits a highly distorted octahedral
coordination around the cadmium atom. The coordination
sphere involves two nitrogen atoms [N(5) and N(6)] from
the bidentate TMEDA ligand, and one sulfur atom [S(1)
and S(2)] and one nitrogen atom [N(1) and N(3)] belonging
to each of two pyrimidine-2-thiolate ligands. The bond
lengths and bite angles of the three bidentate ligands are
similar to those found in [Cd(S-2-N2C4H3)2(phen)][18] and
2 as discussed above.

Eur. J. Inorg. Chem. 2005, 4160–4167 www.eurjic.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4163

Figure 4. Molecular structure of [Cd(S-2-N2C4H3)2(tmeda)] (4). Se-
lected bond lengths [pm] and angles [°]: Cd(1)–N(6) 240.0(2),
Cd(1)–N(5) 240.4(2), Cd(1)–N(1) 244.0(2), Cd(1)–N(3) 245.1(2),
Cd(1)–S(1) 260.7(1), Cd(1)–S(2) 260.9(1); N(6)–Cd(1)–N(5)
76.1(1), N(6)–Cd(1)–N(1) 158.6(1), N(5)–Cd(1)–N(1) 91.5(1),
N(6)–Cd(1)–N(3) 90.4(1), N(5)–Cd(1)–N(3) 158.9(1), N(1)–Cd(1)–
N(3) 106.0(1), N(6)–Cd(1)–S(1) 102.3(1), N(5)–Cd(1)–S(1)
101.3(1), N(1)–Cd(1)–S(1) 62.7(1), N(3)–Cd(1)–S(1) 97.4(1), N(6)–
Cd(1)–S(2) 103.7(1), N(5)–Cd(1)–S(2) 104.7(1), N(1)–Cd(1)–S(2)
96.2(1), N(3)–Cd(1)–S(2) 62.3(1), S(1)–Cd(1)–S(2) 146.8(1).

A comparison of the powder diffraction patterns of the
crystalline precipitates of 1–4 with the calculated pattern
of the crystals investigated by single-crystal X-ray analysis
displays a good agreement, which proves, together with the
elemental analysis, the purity of the compounds (Figure 5).
Small deviations in intensity and reflection position at
higher angles might be due to the fact that the powder mea-
surements were done at room temperature in contrast to
190 K for the single-crystal measurement, and that needle-
like crystals (e.g. 3) preferably align in the capillary vertical
to the beam.

The IR spectra of 1–3 (Figure 6) differ from that of the
neutral thiol HS-2-N2C4H3, in agreement with coordination
of the monoanion –S-2-N2C4H3 to the metal atoms. Ad-
ditionally, there are differences between the spectra of 1–3
due to the different coordination modes of the pyrimi-
dinethiolate ligand towards the metal atoms. As IR data for
complexes of monoanionic pyridine- and pyrimidinethiol-
ate ligands are rare and have not been assigned in full de-
tail, the discussion mostly refers to the spectra of the neu-
tral thiol HS-2-N2C4H3

[19,20] and a study of several metal
complexes of pyridinethiol.[21] In solution, pyrimidines and
pyridines that are substituted at the 2- or 4-position by thiol
groups can exist in two tautomeric forms I (thiol) and II
(thione; Scheme 3).[22] In the solid state, 2-mercaptopyridine
and 4-mercaptopyridine have been found to exist as H-
bonded dimers of the thione form.[23,24] Similarly, it might
be assumed that 2-mercaptopyrimidine also exists in the so-
lid state as an H-bonded dimer, displayed in Scheme 3 as
form III. Evidence for this in the IR spectrum of HS-2-
N2C4H3 is a broad band around 2633 cm–1, which can be
assigned to the stretching of the N–H bonds being strongly
hydrogen-bonded in the solid state, and the three bands
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Figure 5. Calculated (top) and measured (bottom) powder XRD pattern of [Zn(S-2-N2C4H3)2] (1), [Cd(S-2-N2C4H3)2] (2), [Hg(S-2-
N2C4H3)2] (3) and [Cd(S-2-N2C4H3)2(tmeda)] (4).

near 2000 cm–1, which can be assigned as a result of Fermi
resonances and overtones of the ν(N–H) mode. Both these
features are absent from the IR spectra of 1–3 because of
the anionic character of the ligand. However, one can see
the peaks that result from the C–H stretching vibrations of
the aromatic pyrimidine rings between 3100 and 3000 cm–1.
The aromatic ring stretching vibrations (C=C and C=N),
which fall in the region from 1600 to 1500 cm–1, show a
characteristic two-band structure with slightly shifted peak
positions in 1–3, especially when compared to the ligand
spectrum. In the region further down to 1250 cm–1, a strong
and broad peak around 1370 cm–1, which probably consists
of several vibrations, is visible in all three group 12 metal
pyrimidinethiolates rather than the three separate peaks at
1492, 1424 and 1333 cm–1 in the free thiol, which are as-
signed to ring stretching and C–H bending vibrations. This
is followed by a pair of strong peaks (three peaks for 1) at
around 1200 cm–1. These bands are interpreted as being due
to C–H bending and C–S stretching vibrations in the neu-
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tral ligand. Interestingly, Kennedy et al. have found that
extensive coupling within the ring system, as indicated, for
example, by an 18O study of 2-hydroxypyridine,[25] precludes
the identification of any band definitively assigned to a C–
S stretching vibration.[21] Two peaks in the spectrum of pyr-
imidinethiol at 1051 and 983 cm–1 have been assigned as
ring breathing vibrations.[20] These are significantly altered
in the spectra of the three metal complexes 1–3 of the an-
ionic pyrimidine-2-thiolate ligand. A shift in the ring
breathing mode in simple pyridine–metal complexes is used
as a guide to metal coordination.[26] However, for metal
complexes of 2-pyridinethiol and 4-pyridinethiol it has been
found that changes in energy of these bands are indicative
of a change in coordination but not informative concerning
the mode of the coordination.[21] Further down, the neutral
ligand displays two peaks at 793 and 751(sh) cm–1, charac-
teristic of a mono-substituted aromatic ring, which have
been assigned to C–H bending and a combination of C–S
stretching, C–H bending and ring deformation modes,
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respectively. While one observes a similar group in 1, con-
sisting of a single peak at 810 cm–1 and a second peak at
750 cm–1 with a shoulder at 768 cm–1, this second peak
splits in 2 and 3 to give two well-separated peaks at either
767 and 746 cm–1 or 769 and 743 cm–1, respectively. Four
more peaks can be identified down to 300 cm–1 for HS-2-
N2C4H3, which are assigned to either ring deformation
(625 cm–1) and/or C–S bending and stretching modes (486,
472 cm–1 and 406 cm–1). This area displays the most visible
changes in the IR spectra for 1–3, indicative of the different
coordination modes of the anionic pyrimidinethiolate li-
gand towards the metal atoms. New bands arise in the spec-
tra of 1–3 compared to the neutral ligand in the far-IR re-
gion below 300 cm–1. For complexes of the type [MX2L2]
(M = Zn, Cd, Hg; X = Cl, Br and L = Py-2-SH, Py-4-SH),
bands between 198 and 235 cm–1 have been assigned as M–
L vibrational modes.[21] In pyridine complexes like [Zn-
(py)2X2], M–Py vibrations have been assigned by the iso-
tope technique in the region of 200 to 225 cm–1.[27,26] Inter-
estingly, 3 displays only one strong peak in this region at
254 cm–1, probably due to the symmetric square-planar co-
ordination environment of the metal atom, while the spec-
tra of 1 and 2 contain several peaks.

Figure 6. Comparison of the IR spectra of HS-2-N2C4H3 (top),
[Zn(S-2-N2C4H3)2] (1), [Cd(S-2-N2C4H3)2] (2) and [Hg(S-2-
N2C4H3)2] (3) measured as a CsI pellets.

Scheme 3.
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The UV/Vis spectra in the solid state display a shift in the
absorption onset on going from 1 (450 nm) to 2 (430 nm) to
4 (395 nm) to 3 (366 nm) in such a way that the zinc com-
plex 1 absorbs at higher wavelengths (lower energy) than
the other complexes 2, 3, 4. Apart from the spectrum of 1,
which shows a shoulder at 375 nm followed by a broad peak
at 285 nm, and 4, which displays a shoulder at 325 nm fol-
lowed by a peak at 285 nm, the spectra of 1–4 are almost
featureless.

The 1H and 13C NMR spectra of the complexes in di-
methyl sulfoxide display similar peak patterns for the pyr-
imidinethiolate ligand to those observed for the precursor
compound (CH3)3S-2-N2C4H3, with only slightly shifted
positions of the signals. In contrast to the situation found
in the crystalline state, the equivalence of the two hydrogen
and carbon atoms in the meta position indicates a symmet-
ric coordination of the ligand in solution that is probably
generated by a complex equilibrium with fast exchange be-
tween different coordination modes.

Experimental Section
Physical Measurements: 1H and 13C NMR spectra were recorded
with a Bruker DPX Avance 300. 29Si NMR spectra were measured
with a Bruker Avance 400. UV/Vis absorption spectra of cluster
molecules in solution were measured with a Varian Cary 500 spec-
trophotometer in quartz cuvettes. Solid-state reflection spectra
were measured as micron-sized crystalline powders between quartz
plates with a Labsphere integrating sphere. IR and FIR spectra
were measured with a Perkin–Elmer Spectrum GX as CsI pellets
in the region from 4000 to 30 cm–1.

Synthesis: Standard Schlenk techniques were employed throughout
the syntheses using a double-manifold vacuum line with high-pu-
rity dry nitrogen. The solvent diethyl ether was dried with sodium/
benzophenone and distilled under nitrogen. Anhydrous DMF
(H2O � 0.005%) and pyridine (H2O � 0.01) obtained from Aldrich
were degassed, freshly distilled and stored over molecular sieves
under nitrogen. Anhydrous ZnCl2, CdCl2 and HgCl2 were pur-
chased from Aldrich. (2-N2C4H3)SSiMe3 was prepared according
to a general procedure for silylthiopyrimidines.[28] Thus, (2-
N2C4H3)SH [6 g (0.0535 mol)] was dissolved in a mixture of
130 mL of hexamethyldisilazane (HDMS) and 50 mL of dioxane
and heated under reflux for 24 h. Excess HDMS and dioxane were
removed by distillation and the remaining oil distilled under vac-
uum (1×10–3 mbar) to yield (2-N2C4H3)SSiMe3 as a yellow oily
liquid (b.p. 70 °C). Yield: 8.93 g (90.6%). 1H NMR (300 MHz,
C6D6): δ = 0.52 [s, Si(CH3)3, 9 H], 6.54 (t, 3JH,H = 4.9 Hz, para-CH,
1 H), 8.18 (d, 3JH,H = 4.9 Hz, meta-CH, 2 H) ppm. 13C{1H}NMR
(75 MHz, C6D6): δ = 1.4 [s, Si(CH3)3], 117.1 (s, meta-CH), 157.3
(s, para-CH), 172.9 (s, CSSi) ppm. 29Si NMR (79.5 MHz, C6D6): δ
= 15.7 [s, Si(CH3)3] ppm.

[Zn(S-2-N2C4H3)2] (1): ZnCl2 (0.14 g, 1.03 mmol) was dissolved in
20 mL of DMF. (2-N2C4H3)SSiMe3 (0.4 mL, 2.18 mmol) was then
added at 0 °C and the resulting yellow solution slowly warmed to
room temperature. After a short time, 1 started to precipitate as a
pale-yellow crystalline powder. The crystallisation was completed
by layering the reaction solution with diethyl ether by evaporation
and condensation from a connected flask. Yield: 0.25 g (84.5%).
C8H6N4S2Zn (287.7): calcd. C 33.4, H 2.1, N 19.5, S 22.3; found
C 33.5, H 2.4, N 19.5, S 21.5. Small but suitable crystals for single-
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crystal X-ray analysis were found in carefully layered DMF solu-
tions of 1 with diethyl ether or directly in carefully warmed up
reaction solutions. IR (CsI): ν̃ = 3111 (m), 3066 (m), 3021 (w), 2940
(w, br), 2693 (w), 2389 (w), 2245 (w), 1956 (w, br), 1782 (w), 1657
(s), 1580 (vs), 1545 (vs), 1377 (vs, br), 1235 (s), 1202 (vs), 1178 (vs),
1106 (m), 1088 (m), 1025 (m), 1001 (m), 976 (w), 810 (m), 750 (s,
sh), 684 (s), 648 (m), 498 (m), 483 (m), 459 (m), 446 (w), 386 (m),
250 (m), 230 (m), 207 (m), 187 (w, sh), 170 (w), 148 (m) cm–1. UV/
Vis (nujol): λmax = 375 (sh), 285 (vbr) nm. 1H NMR (300 MHz,
(CD3)2SO]: δ = 6.9 (t, 3JH,H = 4.9 Hz, para-CH, 1 H), 8.3 (d, 3JH,H

= 4.9 Hz, meta-CH, 2 H) ppm. 13C{1H} NMR [75 MHz, (CD3)2-
SO]: δ = 114.9 (s, meta-CH), 157.6 (s, para-CH), 182.6 (s, CSSi)
ppm.

[Cd(S-2-N2C4H3)2] (2): CdCl2 (0.4 g, 2.18 mmol) was dissolved in
55 mL of DMF. (2-N2C4H3)SSiMe3 (0.8 mL, 4.36 mmol) was then
added at 0 °C and the resulting yellow solution warmed to room
temperature. After a short time, 2 precipitated as a white crystalline
powder. Yield: 0.53 g (73%). C8H6CdN4S2 (334.7): calcd. C 28.7,
H 1.8, N 16.7, S 19.2; found C 28.8, H 1.9, N 16.1, S 19.2. Crystals
suitable for single-crystal X-ray analysis were grown upon layering
DMF/pyridine (1:1) solutions of 2 with diethyl ether. IR (CsI): ν̃ =
3098 (m), 3048 (s), 2932 (w), 2688 (w), 2371 (w, sh), 2242 (w, sh),
1966 (w, b), 1789 (w), 1744 (w), 1659 (s), 1569 (vs), 1540 (vs), 1373
(vs, b), 1232 (vs), 1169 (vs, sh), 994 (s), 806 (s), 765 (s), 746 (s),
652(s), 488 (m), 465 (s), 412 (w), 378 (m), 352 (w), 229 (s), 201 (s),
182 (s), 167 (s) cm–1. UV/Vis (nujol): λmax = 350 (sh), 292 (vbr)
nm. 1H NMR (300 MHz, (CD3)2SO]: δ = 6.9 (t, 3JH,H = 4.9 Hz,
para-CH, 1 H), 8.2 (d, 3JH,H = 4.9 Hz, meta-CH, 2 H) ppm.
13C{1H} NMR [75 MHz, (CD3)2SO]: δ = 114.6 (s, meta-CH), 157.3
(s, para-CH), 183.5 (s, CSSi) ppm.

[Hg(S-2-N2C4H3)2] (3): HgCl2 (0.21 g, 0.78 mmol) was dissolved in
25 mL of acetonitrile. (2-N2C4H3)SSiMe3 (0.3 mL, 1.62 mmol) was
then added at 0 °C which resulted immediately in the formation
of a white and fluffy precipitate of 3. After warming up to room
temperature, 3 was filtered and washed twice with diethyl ether.
Yield: 0.3 g (90.9%). C8H6HgN4S2 (422.9): calcd. C 22.7, H 1.4, N

Table 1. Crystallographic data for �
3 [Zn(S-2-N2C4H3)2] (1), �

2 [Cd(S-2-N2C4H3)2] (2), [Hg(S-2-N2C4H3)2] (3) and [Cd(S-2-N2C4H3)2(tmeda)]
(4).

1 2 3 4

Formula mass 287.7 334.7 422.9 450.9
Crystal system orthorhombic orthorhombic monoclinic monoclinic
Space group Pna21 Pbca P21/n P21/n
a [Å] 7.812(2) 15.858(3) 19.300(4) 12.317(3)
b [Å] 16.526(3) 7.969(2) 3.963(1) 10.785(2)
c [Å] 7.861(2) 16.775(3) 29.367(6) 15.130(3)
β [°] 90 90 108.82(3) 109.77(3)
V [Å3] 1014.8(4) 2119.8(7) 2126.2(7) 1891.4(7)
Z 4 8 8 14
T [K] 180 180 190 190
Dcalcd. [g cm–3] 1.883 2.097 2.642 1.583
µ(Mo-Kα) [mm–1] 2.798 2.422 14.839 1.382
F(000) 576 1296 1552 912
2θmax [°] 51 54 54 54
Measured reflections 3895 13987 15340 9890
Unique reflections 1304 2337 4650 3993
Rint 0.1193 0.0624 0.09 0.0597
Reflections with I � 2σ(I) 1181 1925 3458 3365
Refined parameters 137 136 271 296
R1 [I � 2σ(I)][a] 0.0657 0.0502 0.0441 0.0370
wR2 (all data)[b] 0.1727 0.1539 0.1398 0.1183
Absolute structure parameter 0.54(5) – – –

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 4160–41674166

13.3, S 15.2; found C 23.2, H 1.5, N 13.7, S 15.4. Crystals suitable
for single-crystal X-ray analysis were grown by recrystallisation of
ca. 30 mg of 3 from 10 mL of hot CH3CN/DMF (10:2). IR (CsI):
ν̃ = 3108 (w), 3029 (w,sh), 2959 (w), 1726 (w), 1704 (w), 1560 (vs),
1542 (vs), 1423 (m), 1372 (vs), 1242 (w, sh), 1200 (s), 1173 (vs),
1087 (w, sh), 983 (w, sh), 803 (m), 769 (m), 743 (s), 635 (m), 473
(w), 454 (w), 414 (w), 279 (w), 254 (s) cm–1. UV/Vis (nujol): λmax

= 280 (vbr) nm. 1H NMR [300 MHz, (CD3)2SO]: δ = 7.2 (t, 3JH,H

= 4.9 Hz, para-CH, 1 H), 8.5 (d, 3JH,H = 4.9 Hz, meta-CH, 2 H)
ppm. 13C{1H} NMR [75 MHz, (CD3)2SO]: δ = 117.7 (s, meta-CH),
158.3 (s, para-CH), 176.5 (s, CSSi) ppm.

[Cd(S-2-N2C4H3)2(tmeda)] (4): Complex 1 (0.05 g, 0.15 mmol) was
suspended in 15 mL of TMEDA for 2 min in an ultrasonic bath.
Then, the flask was sealed with a Teflon screw tap and placed in a
dry oven at 35 °C for one week to yield 4 as a white crystalline
powder. Yield: 0.066 g (98%). C14H22CdN6S2 (450.9): calcd. C
37.3, H 4.9, N 18.6, S 14.2; found C 37.1, H 4.9, N 19.4, S 14.6.
Crystals suitable for single-crystal X-ray analysis were grown by
allowing the solution to stand at room temperature. IR (CsI): ν̃ =
3097 (w), 3044 (w, sh), 2980 (m), 2956 (m), 2874 (m, br), 2847 (m),
2800 (m), 1730 (w), 1538 (vs), 1569 (vs), 1463 (s), 1426 (s), 1372
(vs), 1298 (m), 1239 (s), 1211 (s), 1181 (vs), 1134 (w), 1103 (w),
1068 (m), 1036 (m), 1019 (m), 983 (m), 953 (s), 791 (s, sh), 770 (s),
744 (s), 646 (m), 584 (w), 485 (m), 462 (s), 447 (w, sh), 433 (m),
401 (w), 377 (w, sh), 244 (w), 203 (s, sh), 181 (m, br), 171 (w, sh),
152 (m, sh), 142 (w), 135 (w) cm–1. UV/Vis (nujol): λmax = 325 (sh)
285 (br) nm. 1H NMR [300 MHz, (CD3)2SO]: δ = 2.3 (s, NCH3,
12 H), 2.5 (s, CH2N, 4 H), 6.9 (t, 3JH,H = 4.9 Hz, para-CH, 1 H),
8.3 (d, 3JH,H = 4.9 Hz, meta-CH, 2 H) ppm. 13C{1H} NMR
[75 MHz, (CD3)2SO]: δ = 47.0 (s, NCH3), 57.1 (s, CH2N), 114.8 (s,
meta-CH), 157.5 (s, para-CH), 183.5 (s, CSSi) ppm.

Crystallography: Crystals suitable for single-crystal X-ray diffrac-
tion were taken directly from the reaction solution of the com-
pound and then selected in perfluoroalkylether oil. Single-crystal
X-ray diffraction data of 2–4 were collected using graphite-mono-
chromated Mo-Kα radiation (λ = 0.71073 Å) with a STOE IPDS
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II (Imaging Plate Diffraction System) equipped with a Schneider
rotating anode. Single-crystal X-ray diffraction data of 1 were col-
lected using synchrotron radiation (λ = 0.80 Å) with a STOE IPDS
II (Imaging Plate Diffraction System) at the ANKA synchrotron
source in Karlsruhe. The structures were solved with the direct-
methods program SHELXS[29] of the SHELXTL PC suite of pro-
grams, and were refined with the use of the full-matrix least-squares
program SHELXL (Table 1).[29] Molecular diagrams were prepared
using SCHAKAL 97[30] and DIAMOND.[31] All Cd, Zn, S, N and
C atoms were refined with anisotropic displacement parameters
whilst H atoms were calculated in fixed positions. CCDC-266974
(1), -266975 (2), -266976 (3) and -266977 (4) contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif. X-ray pow-
der diffraction patterns (XRD) were measured with a STOE
STADI P diffractometer (Cu-Kα1 radiation, germanium monochro-
mator, Debye–Scherrer geometry) in sealed glass capillaries. A
theoretical powder diffraction pattern for 1 was calculated on the
basis of the atom coordinates obtained from single-crystal X-ray
analysis by using the program package STOE WinXPOW.[32]
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