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Tin(IV) and lead(II) complexes of 3-(trifluoromethyl)pyridine-
2-thione (3-CF3-pySH) and 5-(trifluoromethyl)pyridine-2-
thione (5-CF3-pySH) have been synthesised. The compounds
[Sn(3-CF3-pyS)4] (1), [Sn(5-CF3-pyS)4] (2), [Pb(3-CF3-pyS)2]
(3), and [Pb(5-CF3-pyS)2] (4) were obtained by addition of the
appropriate ligand to a methanol solution of tin(II) chloride
or lead acetate in the presence of triethylamine. The complex
[Sn(5-CF3-pyS)4] was also prepared by electrochemical ox-
idation of a tin anode in a cell containing an acetonitrile solu-
tion of the ligand 5-(trifluoromethyl)pyridine-2-thione. The
X-ray crystal structure of [Sn(3-CF3-pyS)4] reveals a dodeca-
hedral coordination geometry around SnIV, with the four

Introduction

Much of the interest in metal-sulfur chemistry results
from the potential relevance of the resulting compounds to
active sites in metalloenzymes and also to their ability to
adopt various nuclearities of significant structural
complexity.[1�3] However, in comparison with the coordina-
tion chemistry of transition metals, the chemistry of the
main group metals with sulfur ligands remains much less
developed.[4] In many cases, the interaction of toxic metals
with biological systems involves bonding of the metal to the
sulfydryl groups present in enzymes. Hence, an insight into
the chemistry of main group thiolate compounds is import-
ant in terms of understanding the aforementioned interac-
tion and for the design of detoxifying agents.[5,6] The gener-
ally poor solubility of group 14 metal/thiolate compounds
makes it difficult to structurally characterise these systems
and, for this reason, there is a lack of compounds whose
structures have been determined by X-ray diffraction. Zubi-
eta has determined the structures of [Sn(2-SC5H4N)4][7] and
[Sn(2-SC5H4N-3-SiMe3)4].[8] Curiously, while [Sn(2-
SC5H4N)4] has a distorted octahedral structure, the struc-
ture of [Sn(2-SC5H4N-3-SiMe3)4] is dodecahedral. This sug-
gests that the nature and location of the substituents in the
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thionate ligands acting in a bidentate (N,S) manner. [Sn(5-
CF3-pyS)4] also consists of monomeric neutral molecules
with the tin(IV) atom in an octahedral geometry with two bi-
dentate (N,S) ligands and two monodentate S ligands. The
molecular structure of [Pb(3-CF3-pyS)2] shows the metal in
a five-coordinate geometry with the stereochemically active
lead(II) lone pair in an equatorial position of a trigonal bipyr-
amid. Spectroscopic data for the complexes (IR, NMR, FAB,
and Mössbauer spectra) are discussed and related to the
structural information.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

heterocyclic ring are important in determining the structure
of the compound isolated. As a result of our continued in-
terest in the coordination chemistry of thionate ligands, we
decided to study the influence of the nature and location of
substituents in the heterocyclic ring on the structure of the
corresponding complexes. In particular, the work described
here encompasses the synthesis and characterisation of
tin() and lead() complexes with 3-(trifluoromethyl)- and
5-(trifluoromethyl)pyridine-2-thionato ligands.

Results and Discussion

The reactions of 3-(trifluoromethyl)- and 5-(trifluorome-
thyl)pyridine-2-thione with SnCl2 in methanol in the pres-
ence of triethylamine produce compounds whose microana-
lytical data correspond to SnL4. On going from the tin pre-
cursor to the product, the metal atom is oxidised and so
one possible reaction mechanism involves the formation of
an initial tin() compound, which is subsequently oxidised
in solution to tin() in accordance with the following equa-
tions:

SnCl2 � 2 Et3N � 2 (R-pySH) � [Sn(R-pyS)2] � 2 HEt3NCl

[Sn(R-pyS)2] � 2 (R-pySH) � [Sn(R-pyS)4] � H2

It is well-known that the electrochemical procedure for
the synthesis of metal complexes produces compounds in
which the metal is in a low oxidation state. For this reason,
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we tried to ascertain whether tin() compounds with these
ligands could be obtained using such a procedure. With this
aim in mind, a solution of 5-(trifluoromethyl)pyridine-2-
thione in acetonitrile was electrolysed using a tin plate as
the anode. Once more, the microanalytical data and the X-
ray structure (vide infra) for the resulting compound were
consistent with the composition [Sn(5-CF3-pyS)4]. The elec-
trochemical process has an efficiency value near to 0.5
mol·F�1 (Ef � 0.49). This means that the anode oxidation
leads initially to a tin() species, which is then further ox-
idised to [SnL4] in accordance with the following reaction
sequence:

Cathode: 2 (5-CF3pySH) � 2 e� � 2 (5-CF3pyS�) � H2

Anode: 2 (5-CF3pyS�) � Sn � [Sn(5-CF3pyS)2] � 2 e�

[Sn(5-CF3pyS)2] � 2 (5-CF3pySH) � [Sn(5-CF3pyS)4] � H2

This behaviour has been observed in the synthesis of
other SnIV complexes by electrochemical procedures.[9]

The lead() complexes were obtained in reasonable yields
by stirring the corresponding ligand and lead acetate in so-
lution in methanol in the presence of triethylamine. The
formation of these lead complexes is believed to follow a
similar scheme to that described above for [Sn(3-CF3-
pyS)4]. However, in this case, the further oxidation step does
not occur and the complexes have the general formula
[PbL2].

Pb(CH3COO)2 � 2 [Et3N� (R-pySH)] � [Pb(R-pyS)2] �

2 HEt3NCH3COO

Crystallographic Studies

Structure of [Sn(3-CF3-pyS)4] (1)

Figure 1 shows the ORTEP drawing of the structure of
[Sn(3-CF3-pyS)4] along with the numbering system used.

Figure 1. Molecular structure of [Sn(3-CF3-pyS)4]
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The relevant bond lengths and bond angles are listed in
Table 1.

The structure of 1 shows the tin atom to be coordinated
by four bidentate (N,S) ligands. In this arrangement the
metal atom is in an eight-coordinate environment. Compar-
ison of the parameters found with values for the corres-
ponding ideal geometry with the same coordination number
shows that, in this case, the geometry is closer to a dodeca-
hedron than to an antiprism.

The distortion of the dodecahedral geometry with regard
to the regular geometry can be understood if we consider
the regular dodecahedron as being the result of the inter-
penetration of two regular tetrahedra (Figure 2). In the
complex under discussion, the four sulfur atoms are situ-
ated at the vertices of a distorted tetrahedron and the nitro-
gen atoms in the vertices of another distorted tetrahedron
in an alternating manner.[10]

The main cause of distortion is the small bite of the che-
late angle N�Sn�S at 61.72(5)°. Another factor that con-
tributes to the distortion is the difference between the bond
lengths Sn�N and Sn�S, which are 2.556(2) and 2.4935(8)
Å, respectively. This causes the tetrahedron formed by the
nitrogen atoms to be more distorted than the one formed
by the sulfur atoms. In the tetrahedron formed by the sulfur
atoms the values of the S�Sn�S angles are 97.322(12) and
138.17(3)°, while the N�Sn�N angles are 67.45(10) and
133.77(6)°, i.e. further from the theoretical value expected
for a regular tetrahedron.

The four Sn�S bond lengths [2.4935(8) Å] are not very
different from those found in other tin complexes with four-
membered chelate rings such as, for example,
[Sn(S2CNEt2)4][11] and [Sn(S2CNMe)4],[12] or in the com-
plex of tin with trisilylpyridine-2-thionate, [Sn(3-Me3Si-
pyS)4], where the tin atom is also eight-coordinate in a do-
decahedral geometry [average value 2.496(4) Å].[8]

The values of the Sn�N bond lengths are similar to those
found in [Sn(3-Me3Si-pyS)4], average value 2.56(1) Å, but
longer than the values found in [Sn(5-CF3-pyS)4], vide
infra, where the tin atom is in a six-coordinate environment.

The pyridine rings are essentially planar and the S(1)
atom lies approximately on the plane of the pyridine ring
to which it is bound (maximum deviation 0.028 Å). The
average S�C and C�N bond lengths [1.768(17) and
1.345(16) Å, respectively] are intermediate between the
values found in free pyridine-2-thione [1.695(2) Å, 1.356(3)
Å, respectively][13] and those in bis(3-tert-butyldimethylsi-
lyl)-2-pyridyldisulfide[14] [average C�S: 1.794(3) Å; average
N�C: 1.330(5) Å], suggesting that the ligand is coordinat-
ing in a way that is closer to the pyridine-2-thionato form
than to the thione form.

Structure of [Sn(5-CF3-pyS)4] (2)
Figure 3 shows the ORTEP drawing of the structure of

[Sn(5-CF3-pyS)4] along with the numbering system used.
The relevant bond lengths and bond angles are listed in
Table 2.

The geometry of [Sn(5-CF3-pyS)4] can be described as a
severely distorted octahedron, with the tin atom coordin-
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Table 1. Selected bond lengths [Å] and angles [°] for complex [Sn(3-CF3-pyS)4]

2.4935(8) N(1)�C(1) 1.339(3)Sn(1)�S(1)
Sn(1)�N(1) 2.556(2) N(1)�C(5) 1.331(3)
S(1)�C(1) 1.742(3)

S(1)�Sn(1)�S(1)#1[a] 97.322(12) S(1)#2�Sn(1)�N(1)#1 83.10(5)
S(1)�Sn(1)�S(1)#2 97.322(12) S(1)#2�Sn(1)�N(1)#2 61.72(5)
S(1)�Sn(1)�S(1)#3 138.17(3) S(1)#3�Sn(1)�N(1) 83.10(5)
S(1)#1�Sn(1)�S(1)#2 138.17(3) S(1)#3�Sn(1)�N(1)#1 79.01(5)
S(1)#1�Sn(1)�S(1)#3 97.322(12) S(1)#3�Sn(1)�N(1)#2 141.67(5)
S(1)#2�Sn(1)�S(1)#3 97.322(12) N(1)�Sn(1)�N(1)#1 133.77(6)
S(1)#2�Sn(1)�N(1)#3 79.01(5) N(1)�Sn(1)�N(1)#2 133.77(6)
S(1)#3�Sn(1)�N(1)#3 61.72(5) N(1)�Sn(1)�N(1)#3 67.45(10)
S(1)�Sn(1)�N(1) 61.72(5) N(1)#1�Sn(1)�N(1)#2 67.45(10)
S(1)�Sn(1)�N(1)#1 141.67(5) N(1)#1�Sn(1)�N(1)#3 133.77(6)
S(1)�Sn(1)�N(1)#2 79.01(5) N(1)#2�Sn(1)�N(1)#3 133.77(6)
S(1)�Sn(1)�N(1)#3 83.10(5) C(1)�S(1)�Sn(1) 88.41(9)
S(1)#1�Sn(1)�N(1) 79.01(5) C(1)�N(1)�C(5) 120.1(2)
S(1)#1�Sn(1)�N(1)#1 61.72(5) C(1)�N(1)�Sn(1) 95.76(16)
S(1)#1�Sn(1)�N(1)#2 83.10(5) C(5)�N(1)�Sn(1) 143.6(2)
S(1)#1�Sn(1)�N(1)#3 141.67(5) N(1)�C(1)�S(1) 113.79(19)
S(1)#2�Sn(1)�N(1) 141.67(5)

[a] Symmetry transformations used to generate equivalent atoms. #1: �y � 1/4, x � 1/4, �z � 1/4, #2: y � 1/4, �x � 1/4, �z � 1/4,
#3: �x, �y � 1/2, z.

Figure 2. (left) View of the regular dodecahedral structure for a complex of the type [M(AB)4]; (right) view of the coordination polyhedron
for the complex [Sn(3-CF3-pyS)4]

ated to two monodentate S thionato ligands and two bi-
dentate (N,S) ligands.

The arrangement of the ligands is such that the sulfur
atoms of the two monodentate thionate ligands are in a cis
disposition with respect to one another and the sulfur
atoms of the two bidentate ligands are in a trans disposi-
tion. The main cause of the distortion is the small bite of
the bidentate thionato ligands [N�Sn�S angles of 64.6(9)°
and 64.9(9)°]. This situation causes the angles defined by
the two trans atoms and the tin atom [S(1)�Sn(1)�S(3) �
149.47(9), N(1)�Sn(1)�S(2) � 149.54(5), and N(3)�
Sn(1)�S(4) � 148.02(5)°] to be very different from the ex-
pected values of 180° and, consequently, the angles formed
by the tin and two cis atoms are also significantly different
from 90° [64.09(9)�122.38(4)°].
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The Sn�S distances are all slightly different and depend
on whether the sulfur atom is provided by the bidentate
ligand [2.4942(13) and 2.4921(13) Å] or by the monodentate
ligand [2.4573(14) and 2.4618(13) Å]. The longest Sn�S
distance is slightly shorter than those found in the tin com-
plex with pyridine-2-thionate [Sn(pyS)4][7] [average value
2.512(2) Å] but is very similar to those found in [Sn(3-CF3-
pyS)4]. The distances between the tin atom and the sulfur
atoms of the monodentate ligands [2.4573(14) and
2.4618(13) Å] are slightly shorter than those of [Sn(pyS)4]
[average value 2.469(2) Å].

The Sn�N bond lengths [2.384(4)�2.371(4) Å] are
longer than the corresponding distances found in [Sn(pyS)4]
[2.332(5)�2.324(5) Å] but are shorter than those observed
in the aforementioned eight-coordinate [Sn(3-CF3-pyS)4].
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Figure 3. Molecular structure of [Sn(5-CF3-pyS)4]

Table 2. Selected bond lengths [Å] and angles [°] for complex [Sn(5-
CF3-pyS)4]

2.4942(13) S(4)�C(19) 1.751(5)Sn(1)�S(1)
Sn(1)�S(2) 2.4573(14) N(1)�C(1) 1.341(6)
Sn(1)�S(3) 2.4921(13) N(1)�C(5) 1.335(6)
Sn(1)�S(4) 2.4618(13) N(2)�C(7) 1.332(6)
Sn(1)�N(1) 2.384(4) N(2)�C(11) 1.326(7)
Sn(1)�N(3) 2.371(4) N(3)�C(13) 1.343(6)
S(1)�C(1) 1.744(5) N(3)�C(17) 1.343(6)
S(2)�C(7) 1.754(5) N(4)�C(19) 1.326(6)
S(3)�C(13) 1.740(5) N(4)�C(23) 1.325(7)

S(1)�Sn(1)�S(2) 92.25(4) C(7)�S(2)�Sn(1) 100.8(2)
S(1)�Sn(1)�S(3) 148.02(5) C(13)�S(3)�Sn(1) 84.3(2)
S(1)�Sn(1)�S(4) 101.47(5) C(19)�S(4)�Sn(1) 101.3(2)
S(2)�Sn(1)�S(3) 102.27(5) C(1)�N(1)�C(5) 119.4(4)
S(2)�Sn(1)�S(4) 122.38(4) C(1)�N(1)�Sn(1) 98.1(3)
S(3)�Sn(1)�S(4) 94.59(5) C(5)�N(1)�Sn(1) 142.5(3)
S(1)�Sn(1)�N(1) 64.09(9) C(7)�N(2)�C(11) 117.0(4)
S(2)�Sn(1)�N(1) 149.47(9) C(13)�N(3)�C(17) 119.7(4)
S(3)�Sn(1)�N(1) 91.03(10) C(13)�N(3)�Sn(1) 98.5(3)
S(4)�Sn(1)�N(1) 83.06(9) C(17)�N(3)�Sn(1) 141.8(3)
S(1)�Sn(1)�N(3) 89.45(9) C(19)�N(4)�C(23) 117.5(4)
S(2)�Sn(1)�N(3) 84.97(10) N(1)�C(1)�S(1) 113.6(3)
S(3)�Sn(1)�N(3) 64.06(9) N(2)�C(7)�S(2) 117.2(3)
S(4)�Sn(1)�N(3) 149.54(10) N(3)�C(13)�S(3) 113.1(3)
N(1)�Sn(1)�N(3) 76.28(13) N(4)�C(19)�S(4) 117.9(4)
C(1)�S(1)�Sn(1) 84.2(2)

This change in Sn�N bond length could be due to a change
in the coordination number from six to eight.

The C�S bond lengths of the coordinated ligand range
from 1.744(5) to 1.740(5) Å with an average value of 1.742
Å for the chelating ligands and 1.754(5)�1.751(5) Å for the
monodentate ligands. Both distances are similar to those
found in [Sn(3-CF3-pyS)4]. The C�N and C�C bond
lengths of the ligands are as one would expect and do not
warrant further discussion.

Each of the ligands is planar within experimental error,
with the sulfur atoms of the bidentate ligands lying practic-
ally in the plane of the pyridine ring to which they are
bound [by 0.032 Å for S(1) and 0.031 Å for S(3)]. In the
case of the monodentate ligands the sulfur atoms lie out of
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the pyridine plane [by 0.082 Å for S(2) and 0.095 Å for
S(4)].

It is worth noting that although compounds 1 and 2 have
the same composition [SnL4], their molecular structures are
quite different. In the case of 1, all of the ligands behave in
a bidentate (S,N) manner and the Sn is in an eight-coordin-
ate dodecahedral environment [SnS4N4]. Compound 2, on
the other hand, has two ligands that behave in a bidentate
(S,N) way and another two that act in a monodentate S
manner to give a six-coordinate octahedral geometry
[SnS4N2] around the metal atom. The remarkable feature
of this arrangement is that the more crowded structure is
provided by the more sterically demanding ligand, 3-CF3-
pySH.

Structure of [Pb(3-CF3-pyS)2] (3)

The molecular structure of [Pb(3-CF3-pyS)2] is shown in
Figure 4 together with the atom-labelling scheme. Selected
bond lengths and angles are given in Table 3. The structure
consists of discrete molecules without interactions between
neighbours and with the lead atom coordinated by two bi-
dentate (N,S) anionic 3-(trifluoromethyl)pyridine-2-thion-
ato ligands. On the assumption that the lone pair on the
lead atom is symmetrically placed with respect to the nitro-
gen and sulfur atoms, a value of 0.84 can be calculated for
τ.[15] In this situation the environment around the lead atom
is best described as a pseudo-trigonal bipyramid with a 16%
distortion towards a square pyramid. In this case the nitro-

Figure 4. Molecular structure of [Pb(3-CF3-pyS)2]

Table 3. Selected bond lengths [Å] and angles [°] for complex [Pb(3-
CF3-pyS)4]

2.883(11) S(2)�C(7) 1.81(4)Pb(1)�S(1)
Pb(1)�S(2) 2.707(11) N(1)�C(1) 1.42(5)
Pb(1)�N(1) 2.59(3) N(1)�C(5) 1.33(5)
Pb(1)�N(2) 2.79(3) N(2)�C(7) 1.23(5)
S(1)�C(1) 1.72(3) N(2)�C(11) 1.30(5)

N(1)�Pb(1)�S(1) 57.8(7) C(1)�N(1)�C(5) 115(4)
S(2)�Pb(1)�N(2) 55.8(8) C(1)�N(1)�Pb(1) 102.4(19)
S(1)�Pb(1)�N(2) 125.0(9) C(5)�N(1)�Pb(1) 143(3)
S(2)�Pb(1)�N(1) 75.3(7) C(7)�N(2)�C(11) 121(4)
S(1)�Pb(1)�S(2) 86.4(3) C(7)�N(2)�Pb(1) 98(3)
N(1)�Pb(1)�N(2) 129.0(10) C(11)�N(2)�Pb(1) 136(3)
C(1)�S(1)�Pb(1) 84.2(14) N(1)�C(1)�S(1) 115(3)
C(7)�S(2)�Pb(1) 88.3(16) N(2)�C(7)�S(2) 115(3)
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gen atoms are in axial positions and the sulfur atoms and
the lone pair in equatorial positions. This geometry is
highly distorted with S�Pb�S and N�Pb�N bond angles
of 86.4(3)° and 129.0(10)°, respectively. The bond angles
between the axial nitrogen and sulfur atoms of the equator-
ial plane are in the range 55.8(8)�125.0(9)°, which is signi-
ficantly different from the theoretical 90° for an ideal geo-
metry. The main sources of distortion are the small value
of the bond angle of the chelate ring [N�Pb�S � 55.8(8)
and 57.8(7)°] and the effect of the active lone pair of the
lead atom. The values of the bond angles among axial and
equatorial positions, or in other words the angles S�Pb�N
between atoms corresponding to different thionato ligands,
are 75.3(7) and 125.0(9)°, again significantly different to the
expected value of 90°.

The Pb�S bond lengths [2.883(1) and 2.707(11) Å] are
longer than the Pb�S axial distance (2.696 Å) found in
bis[6-(diethylcarbamoyl)-1-hydroxy-2(1H)-pyridine-2-thio-
nato-O,S)lead()],[16] but are very close to the values of
2.737(7) and 2.782(8) Å in the trinuclear complex [Pb3(3-
SiMe3-pyS)6].[8]

Two different Pb�N bond lengths are observed in the
compound [Pb(3-CF3-pyS)2]. The longest bond (2.793 Å) is
similar to the distances observed for [Pb3(3-SiMe3-pyS)6]
[2.81(3) and 2.89(3) Å]. The other Pb�N bond length is
significantly shorter at 2.59(3) Å, but is similar to the value
of 2.59 Å found in other lead complexes with pyridine li-
gands.[17]

The structure of this compound differs markedly from
that of [Pb(3-SiMe3-pyS)2], which shows a trinuclear struc-
ture with pentacoordinate metal atoms: two of the metals
are coordinated by two nitrogen and three sulfur atoms in
a distorted trigonal pyramidal environment and the third
metal by the sulfur and nitrogen atoms of the two chelating
ligands in a square pyramidal arrangement with the lead
atom at the apex. Note that [Pb(3-SiMe3-pyS)2] has the
more associated structure, despite the fact that contains a
SiMe3 group, which is considerably more bulky than the
CF3 group. Hence, in these cases steric hindrance is not a
factor that determines the degree of association.

The pyridine rings of the ligands are essentially planar
but the sulfur atoms lie out of the plane of the pyridine ring
to which they are bound [by 0.077 Å for S(1) and 0.076 Å
for S(2)]. The interplanar angle between these two ligands
is 65.98°. The C�S bond lengths for the two ligands are
also very different [C(1)�S(1) � 1.72(3) Å and 1.81(4) Å]
but the average value of 1.765(4) Å is similar to those found
in the complexes described above.

Spectroscopic Data

IR Spectra

The IR spectra of the complexes do not show bands as-
signable to ν(N�H), which in the free ligands appear at
3175 cm�1. This suggests that deprotonation of the NH
group has occurred during the synthesis and therefore that
the ligand is coordinated in the thionato form. This conclu-
sion is supported by the shift to smaller wavenumbers of
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the strong bands for ν(C�C) and ν(C�N), which appear at
1604�1545 and 1570�1512 cm�1 in the free ligands, on
going from the free ligands to the complexes. In addition,
the bands attributable to the ring breathing vibration at ca.
1000 and 630 cm�1 and the bands due to the C�H bending
vibration at ca. 770 and 750 cm�1 are shifted to higher fre-
quencies with respect to the free ligand. These shifts provide
evidence that the nitrogen atom is bound to the metal atom.

NMR Spectra

The 1H NMR spectra of the complexes do not show a
signal for the NH proton, which appears as a broad singlet
between δ � 13.0 and 14.0 ppm in the spectrum of the free
ligand, thus demonstrating that in the complexes the li-
gands are deprotonated. The signals of all the hydrogen
atoms of the pyridine ring are shifted to lower-field values
in the complexes relative to the same signals in the spectra
of the free ligands. The main change observed is the low-
field shift of the signal due to the proton ortho to the nitro-
gen atom of the pyridine ring (δ � 9.18�8.14 ppm), dem-
onstrating the coordination of the ligands to the metal
atoms through the pyridine nitrogen.

It should be noted that in the case of [Sn(5-CF3-pyS)4],
if the structure observed in the solid state is maintained in
solution, two different types of ligands should be observed
in the NMR spectrum. In particular, two different signals
should be observed in the 1H NMR spectrum for the pro-
ton ortho to the pyridine rings, two signals for C2 and C6

in the 13C NMR spectrum, and two signals in the 19F NMR
spectrum. However, at room temperature only one signal
is observed for each of these nuclei. This shows that the
compound has a fluxional behaviour in solution. In order
to investigate this possibility further, the spectrum was ac-
quired at different temperatures down to �55 °C. Unfortu-
nately, the spectrum does not change, showing that the flux-
ional exchange is too fast even at the lowest temperature
compatible with the solvent used.

It is well-known that 119Sn NMR spectroscopy is very
sensitive to changes in the coordination number of tin()[7]

and can be used to determine the denticity of the ligands.
The 119Sn NMR spectrum of 2 in CD3Cl at room temper-
ature consists of a singlet at δSn � �500.5 ppm. This value
is similar to that of the hexacoordinate tin() complex
[Sn(pyS)4], which also has a distorted octahedral [SnN2S4]
environment with two ligands acting as monodentate S-
bonded systems and another two as bidentate N,S bonded
ligands.[7] The 119Sn NMR spectrum of complex 1 shows a
signal at δSn � �662.6 ppm. The shift observed with respect
to 2 is consistent with an increase in the coordination num-
ber from six to eight on going from 2 to 1, and shows that
the solid-state environment of 1 is maintained in solution.

Mass Spectra

The tin and lead complexes were also characterised by
mass spectrometry using the positive ion FAB technique
(m/z) in 3-nitrobenzyl alcohol (NBA) as matrix. The FAB
spectrum of [Sn(3-CF3-pyS)4] shows the molecular ion
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at m/z � 831, as well as peaks due to the fragments
[Sn(3-CF3-pyS)3], [Sn(3-CF3-pyS)2], and [Sn(3-CF3-pyS)] at
m/z � 654, 475, and 298, produced by the loss of one, two,
and three thionate ligands, respectively. The spectrum of the
compound [Sn(5-CF3-pyS)4] does not show the molecular
ion peak, but does show peaks associated with [Sn(5-CF3-
pyS)3], [Sn(5-CF3-pyS)2], and [Sn(5-CF3-pyS)] at m/z � 654
(100%), 475, and 298, respectively.

The FAB mass spectra of the lead compounds,
[Pb(RpyS)2] show, in all cases, the molecular ion peak at
m/z � 563 along with a peak at m/z � 385, which is associ-
ated with [Pb(RpyS)] formed by loss of one thionate ligand.
This evidence, together with the fact that the 19F NMR
spectra of both compounds are very similar, shows that
[Pb(5-CF3-pyS)2] is a monomer with a structure similar to
that of [Pb(3-CF3-pyS)2].

Mössbauer Spectroscopy

The 119Sn Mössbauer data for compounds 1 and 2 ap-
pear in Table 4.

Table 4. 119Sn Mössbauer Spectroscopic data recorded at 78 K

Compound[a] δ [mm·s�1] ∆EQ [mm·s�1] Γ[a] [mm·s�1]

[Sn(3-CF3-pyS)4] (1) 0.93(1) 1.12(2) 1.16(3)
[Sn(5-CF3-pyS)4] (2) 0.98(1) 0.84(3) 1.14(6)

[a] Full width at half-mean height.

The isomer shift (δ) values are dependant on the s-elec-
tron density at the tin nucleus relative to a reference stand-
ard (BaSnO3). As the s-electron density at the tin nucleus is
measured relative to that in the valence shell of the atom,
then factors that affect the latter must also affect the for-
mer. Therefore p-electron shielding and the polarity of the
tin-ligand bonds,[18,19] together with their number, will af-
fect δ.[20]

Clearly compound 1 has the smallest δ value, in keeping
with the fact that it has eight ligands and these are relatively
far from the Sn atom compared to those of compound 2.
Hence we would expect the environment to be ‘‘more ionic’’
and hence less s-electron density on the tin atom. The coor-
dination number or stereochemistry at the tin also affects
the δ value. When the coordination number of the tin atom
increases, the concomitant increased involvement of the
metal 5d orbitals for bonding leads to a reduction in the 5s
electron density at the tin nucleus.[20,21]

The quadrupole splitting (∆EQ) arises from the interaction
of the tin nucleus with the electric field gradient (EFG). If
the tin atom has a perfectly symmetrical electronic environ-
ment (‘‘cubic’’) then there is no EFG and only a single line
is observed in the Mössbauer spectrum (as for SnMe4).[21]

Any deviation from a cubic electronic environment results
in a doublet spectrum. As the EFG is the second derivative
of the potential, its magnitude is inversely related to the
cube of the distance of the charge from the nucleus. There-
fore electron density on the Sn atom makes a larger contri-
bution to ∆EQ than that in the tin-ligand bonds. These lat-
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ter are more important than charges on neighbouring
atoms or ions.

Compound 1 has a ∆EQ value of 1.12(2) mm·s�1 which
is larger than that obtained for compound 2. This means
that the EFG in 1 is larger than that of 2. This is in keeping
with the distortion of the dodecahedral arrangement found
in the structure of 1 and most probably arises from the im-
balance of the electron density in the tin�ligand bonds,
though the different polarity induced by the nitrogen and
sulfur ligands must also play a role.

Compound 2 has a ∆EQ value of 0.84(3) mm·s�1 which,
although small, is substantial for an octahedral electronic
environment. A perfect octahedral site would be expected
to have zero splitting in a cubic structure. In this case it is
in keeping with a highly distorted octahedral environment
and is thus very compatible with the structure of compound
2. It should be noted that these two Mössbauer spectra have
low recoil-free fractions and hence were collected at 78 K
only, whereas the crystal structures of 1 and 2 were recorded
at room temperature. However at the very least it is shown
here that the structures do not become symmetrical upon
cooling to 78 K, and that in fact the Mössbauer spectra
recorded at 78 K may reflect the room temperature struc-
tures.

Conclusions

The results discussed in this paper show that the struc-
tures of complexes of tin() and lead() with derivatives of
pyridine-2-thione depend on the nature and location of the
substituents on the heterocyclic ring. Indeed, while [Sn(5-
CF3-pyS)4] has an [SnN2S4] octahedral geometry around
the metal atom, the structure of [Sn(3-CF3-pyS)4] shows the
tin atom in an [SnN4S4] dodecahedral environment. On the
other hand, while [Pb(3-CF3-pyS)2] and [Pb(5-CF3-pyS)2]
are mononuclear compounds with the lead atom in a tri-
gonal bipyramidal environment, [Pb(3-SiMe3-pyS)2] has a
trimeric molecular structure. It appears that the factor re-
sponsible for this different behaviour is not of a steric na-
ture, as the most sterically demanding ligands produce the
structures with the higher coordination numbers. Further
work is required to clarify this interesting phenomenon.

Experimental Section

Microanalysis were performed using a Carlo�Erba EA1108 mic-
roanalyser. Infrared spectra were recorded as compressed KBr discs
by using an IR-FT Mattson model CYGNUS-100. Electron impact
(EI) and fast atom bombardment (FAB) mass spectra were re-
corded on Hewlett�Packard HP5988A and Micromass Autospec
spectrometers, respectively, with 3-nitrobenzyl alcohol as the matrix
for the FAB spectra. 1H and 13C NMR spectra were recorded on
a Bruker AMX300 using CDCl3 as solvent and TMS as internal
reference. 119Sn NMR spectra were recorded on a Bruker AMX500
spectrometer using CDCl3 as solvent and saturated SnMe4 as a
secondary reference. 19F NMR spectra were recorded on a Bruker
AMX300 spectrometer and referenced to CFCl3. All Mössbauer
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spectra were recorded at 78 K, with a 119mSn 23.875 keV γ source
(370MBq, 10 mCi CaSnO3 matrix, Wissel GmbH) mounted on the
previously reported experimental setup.[22] All thiones and metal
salts were commercial products and were used without further puri-
fication.

Preparations

All the complexes were prepared by reaction of a methanolic solu-
tion of the corresponding thione and triethylamine with a solution
of the tin() or lead() salts in the same solvent. Tetrakis[5-(trifluo-
romethyl)pyridine-2-thiolato]tin() was also prepared using an
electrochemical procedure.[23]

[Sn(3-CF3-pyS)4] (1): SnCl2·2H2O (0.189 g, 0.84 mmol) was added
to a solution of 3-(trifluoromethyl)pyridine-2-thione (0.30 g,
1.67 mmol) and dry triethylamine (0.25 mL, 1.84 mmol) in meth-
anol (20 mL) with constant stirring at room temperature. The solu-
tion was evaporated to dryness and the solid was recrystallised
from diethyl ether. Yield 38% (0.132 g). C24H12F12N4S4Sn (831.4):
calcd. C 34.7, H 1.4, N 6.7; found C 34.8, H 1.2, N 6.8. IR (KBr):
ν̃ � 1584, 1563, 1485 cm�1 [ν(C�C), ν(C�N)py]. FAB MS: m/z
(%) � 831.6 (1.1) [SnL4], 654.0 (100) [SnL3], 475 (9.5) [SnL2], 298
(27.4) [SnL]. 1H NMR (CDCl3, 300 MHz): δ � 8.15 (d, 1 H, py-
H6), 7.78 (d, 1 H, py-H5), 7.01 (dt, 1 H, py-H4) ppm. 13C NMR
(CDCl3, 300 MHz): δ � 163.1 (py-C2), 124.6 (py-C3), 136.0 (py-
C4), 121.0 (py-C5), 147.2 (py-C6), 116.4 (CF3) ppm. 19F NMR
(CDCl3, 300 MHz): δ � �65.3 ppm. 119Sn NMR (CDCl3,
500 MHz): δ � �662.6 ppm.

[Sn(5-CF3-pyS)4] (2): (a) SnCl2·2H2O (0.189 g, 0.84 mmol) was ad-
ded to a solution of 5-(trifluoromethyl)pyridine-2-thione (0.30 g,
1.67 mmol) and triethylamine (0.25 mL, 1.84 mmol) in methanol
(20 mL) with constant stirring at room temperature. The reaction
mixture was stirred for 4 hours and the resulting yellow solid was
filtered off, washed with a small amount of diethyl ether, and dried
under vacuum. Yield 47% (0.163 g). C24H12F12N4S4Sn (831.4):
calcd. C 34.7, H 1.4, N 6.7, S 15.4; found C 34.9, H 1.5, N 6.7,
S 15.3.

(b) A solution of 5-(trifluoromethyl)pyridine-2-thione (0.267 g,
1.49 mmol) in acetonitrile containing 20 mg of tetraethylammo-
nium perchlorate was electrolysed using a tin rod as the anode and
a platinum wire as the cathode. A current of 10 mA was applied
during two hours, dissolving 43.39 mg of metal (Ef � 0.49
mol·F�1). At the end of the electrolytic process the solution was
evaporated to dryness and the solid recrystallised from diethyl
ether. Yield 69% (0.213 g). C24H12F12N4S4Sn (831.4): calcd. C 34.7,
H 1.4, N 6.7; found C 34.5, H 1.4, N 6.6. IR (KBr): ν̃ � 1590,
1540, 1455 cm�1 [ν(C�C), ν(C�N)py]. FAB MS: m/z (%) � 654.0
(100) [SnL3], 475 (3.5) [SnL2], 298 (49.7) [SnL]. 1H NMR (CDCl3,
300 MHz): δ � 9.18 (m, 1 H, py-H6), 8.51 (m, 1 H, py-H4), 7.79
(m, 1 H, py-H3) ppm. 13C NMR (CDCl3, 300 MHz): δ � 167.9
(py-C2), 128.6 (py-C3), 134.6 (py-C4), 125.0 (py-C5), 142.4 (py-C6),
121.4 (CF3) ppm. 19F NMR (CDCl3, 300 MHz): δ � �62.7 ppm.
119Sn NMR (CDCl3, 500 MHz): δ � �500.5 ppm.

[Pb(3-CF3-pyS)2] (3): Pb(OAc)2·3H2O (0.21 g, 0.55 mmol) was ad-
ded to a solution of 3-(trifluoromethyl)pyridine-2-thione (0.20 g,
1.11 mmol) and triethylamine (0.17 mL, 1.23 mmol) in methanol
(20 mL) with constant stirring at room temperature. The reaction
mixture was stirred for 5 hours and the resulting yellow precipitate
was filtered off, washed with diethyl ether, and dried under vacuum.
The product was recrystallised from diethyl ether. Yield 62%
(0.195 g). C12H6F6N2PbS2 (563.5): calcd. C 25.6, H 1.1, N 5.0;
found C 25.3, H 1.0, N 4.8. IR (KBr): ν̃ � 1583, 1558, 1442, 1402
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cm�1 [ν(C�C), ν(C�N)py]. FAB MS: m/z (%) � 563.8 (4.4)
[PbL2], 385.8 (29.3) [PbL]. 1H NMR (CDCl3, 300 MHz): δ � 8.75
(d, 1 H, py-H6), 8.09 (dd, 1 H, py-H5), 7.23 (dt, 1 H, py-H4) ppm.
13C NMR (CDCl3, 300 MHz): δ � 169.9 (py-C2), 128.0 (py-C3),
134.6 (py-C4), 121.7 (py-C5), 148.4 (py-C6), 115.6 (CF3) ppm. 19F
NMR (CDCl3, 300 MHz): δ � �48.8 ppm.

[Pb(5-CF3-pyS)2] (4): Pb(OAc)2·3H2O (0.21 g, 0.55 mmol) was ad-
ded to a solution of 5-(trifluoromethyl)pyridine-2-thione (0.20 g,
1.11 mmol) and triethylamine (0.17 mL, 1.23 mmol) in methanol
(20 mL) with constant stirring at room temperature. The reaction
mixture was stirred for 5 hours and the resulting yellow precipitate
was filtered off, washed with diethyl ether, and dried under vacuum.
Yield 18% (0.057 g). C12H6F6N2PbS2 (563.5): calcd. C 25.6, H 1.1,
N 5.0; found C 25.6, H 1.2, N 5.2. IR (KBr): ν̃ � 1603, 1547, 1460
cm�1 [ν(C�C), ν(C�N)py]. FAB MS: m/z (%) � 563.8 (0.5)
[PbL2], 385.8 (38.1) [PbL]. 1H NMR ([D6]DMSO, 300 MHz): δ �

8.38 (d, 1 H, py-H6), 7.46 (dd, 1 H, py-H4), 6.87 (dd, 1 H, py-H3)
ppm. 13C NMR (CDCl3, 300 MHz): δ � 176.9 (py-C2), 131.9 (py-
C4), 130.3 (py-C5), 142.1 (py-C6), 117.6 (CF3) ppm. 19F NMR
(CDCl3, 300 MHz): δ � �56.2 ppm.

In the cases of compounds 1, 2, and 3, X-ray quality crystals were
obtained from saturated solutions of the complexes by slow evap-
oration of the solvents at room temperature.

X-ray Crystal Structure Determinations

Data Collection and Processing: X-ray data were collected on a
Smart-CCD-1000 Bruker diffractometer for 1 and on an
Enraf�Nonius CAD4 diffractometer for 2 and 3: both fitted with
graphite monochromated Mo-Kα radiation (λ � 0.71073 Å). The
data were collected at 293 K for all structures. The ω-scan tech-
nique was employed to measure intensities in all crystals up to a
maximum Bragg angle of 26.37° for 1, 24.97° for 2, and 28.04° for
3. Decomposition of the crystals did not occur during data collec-
tion. Corrections were applied for Lorentz and polarisation effects
and for absorption (µ � 1.195 mm�1 for 1, 1.223 mm�1 for 2, and
11.683 mm�1 for 3).[24] A total of 14630 reflections for 1, 4014 for
2, and 3652 for 3 were collected, of which 1569 reflections in 1,
3829 in 2, and 3585 in 3 were unique [Rint � 0.0362 (1), 0.0148 (2),
0.0766 (3)] and, of these, 1261 (1), 3829 (2), and 1515 (3) satisfied
the I � 2σ(I) criterion of observability and were used in the sub-
sequent analysis.

Structure Analysis and Refinement: The structures were solved by
direct methods and missing atoms were located in the difference
Fourier map and included in subsequent refinement cycles. The
structures were refined by full-matrix least-squares refinement on
F2, using anisotropic displacement parameters for all non-hydrogen
atoms. In all cases, hydrogen atoms were included using a riding
model with C�H distances of 0.93�0.97 Å and fixed isotropic
thermal parameters, except for 2, where hydrogen atoms were loc-
ated in the difference Fourier map and refined isotropically. A
weighting scheme of the form ω � 1/σ2(F) was introduced and the
refinement proceeded smoothly to convergence with a maximum δ/
σ � 0.000 when R � 0.0270, Rw � 0.0597 and GOF � 1.092 (good-
ness-of-fit) for 102 variables for 1, maximum δ/σ � 0.001 when
R � 0.0306, Rw � 0.0861 and GOF � 1.045 for 491 variables for
2 and δ/σ � 0.001 when R � 0.1145, Rw � 0.2843 and GOF �

1.049 for 208 variables for 3. The residual analysis of the variance
showed no special features and the maximum and minimum resid-
ual electron density peaks in the final difference map were, respect-
ively, �0.24 and �0.23 e·Å�3 in 1, �0.64 and �0.45 e·Å�3 in 2,
and �4.84 and �4.40 e·Å�3 in 3.
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Table 5. Crystal data and experimental details for 1, 2 and 3

1 2 3

Empirical formula C6H3F3NSSn0.25 C24H12F12N4S4Sn C12H6F6N2PbS2

Molecular weight 207.83 831.30 563.50
Temperature [K] 293(2) 293(2) 293(2)
Wavelength [Å] 0.71073 0.71073 0.71073
Crystal System Tetragonal Triclinic Monoclinic
Space group I 4(1)/a P �1 C 2/c
a [Å] 13.7103(18) 11.9010(10) 27.45(5)
b [Å] 13.7103(18) 12.554(2) 4.458(1)
c [Å] 16.418(3) 12.794(2) 24.325(6)
α [deg] 90 99.910(10) 90
β [deg] 90 117.080(10) 91.90(6)
γ [deg] 90 107.770(10) 90
Cell volume [Å3] 3086.1(8) 1507.7(4) 2975(6)
Z 4 2 8
Dc [Mg·m�3] 1.789 1.831 2.516
λ(Mo-Kα) [mm�1] 1.195 1.223 11.683
Crystal size [mm] 0.49 � 0.38 � 0.30 0.40 � 0.25 � 0.18 0.32 � 0.32 � 0.08
θ limits [deg] 1.94�26.37 1.83�24.97 4.41�28.04
Collected reflections 14630 4014 3652
Unique reflections 1569 [Rint � 0.0362] 3829 [Rint � 0.0148] 3585 [Rint � 0.0766]
Observed reflections 1261 3829 1515
[Fo � 2σ(Fo)]
Parameters 102 491 208
Goodness of fit on F2 1.092 1.045 1.049
R1(F)[a] 0.0270 0.0306 0.1145
wR2(F2)[b] 0.0597 0.0861 0.2843
Largest difference peak and hole [e·Å�3] 0.24 and �0.23 0.64 and �0.45 4.84 and �4.40

[a] R1 � [|Fo| � |Fc|]/|Fo|. [b] wR2 � [(Fo
2 � Fc

2)/(Fo
2)2]1/2 where w � 1/[σ2(Fo

2) � (aP)2 � bP] and P � (Fo
2 � 2Fc

2)/3.

The crystallographic programs in SHELX97[25] were used for the
structure solutions and refinement. Atomic scattering factors and
anomalous-dispersion corrections for all atoms were taken from
the International Tables for X-ray Crystallography.[26] Crystallo-
graphic data for these compounds are given in Table 5. Ortep3[27]

drawings with the numbering scheme used are shown in Figures 1,
3, and 4.

CCDC-186656 (1), -186658 (2), and -186657 (3) contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.
html [or from the Cambridge Crystallographic Data Centre, 12,
Union Road, Cambridge CB2 1EZ, UK; Fax: (internat.) �44-1223/
336-033; E-mail: deposit@ccdc.cam.ac.uk].
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