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Lead(II) Complex, 2-Acetylpyridine-4N-methylthiosemicarbazone
A novel heptacoordinated thiosemicarbazonato lead(II) complex [Pb(4ML)(SCN)] (4ML =
2-Acetylpyridine-4N-methylthiosemicarbazonato) was synthesized and characterized by
conventional methods (IR and elemental analysis) and single-crystal X-ray diffraction.
[Pb(4ML)(SCN)J shows an unusual polymeric structure in which the lead atom is hexa-coordinate, the deprotonated thiosemicarbazone both chelates and bridges, and the thiocyanate
group acts as bridge between lead(II)-thiosemicarbazonate fragments. There is hydrogen-bond
ing between the polymeric chains. The complex crystallizes in the triclinic space group P i with
a = 7.461(2), b = 9.572(2), c = 11.235(2) A, a = 66.51(3), ß = 84.01(3), 7 = 68.75(3)°, V =
685.1(2) A3, Z = 2.

Introduction
Research on heterocyclic thiosemicarbazones
and their complexes with metals is primarily mo
tivated by their broad spectrum of biological activ
ity [1]. Most studies of their coordination chemistry
have concerned transition metals, copper(II) espe
cially [2, 3], but the pharmacological activity of cer
tain zinc(II) complexes [4] has also prompted stud
ies of complexes of non-transition metals [5 - 9 ].
The number of known lead(II) complexes with
thiosemicarbazones is small despite that the co
ordination chemistry of lead(II) is of interest due
to the range of possible coordination numbers and
stereochemistries (related to the influence of its
lone pair [10]). On the other hand, the coordina
tion chemistry of lead(II) is of pharmacological
interest related to the necessity to find effective
chemotherapeutic agents for treatment of lead poi
soning [11, 12], and of technological interest be
cause lead occurs in a considerable number of new
multinuclear oxides with applications in nonlinear
electrooptics or as piezoelectric or insulating mate
rials [13], some of which can be used for the depo
sition of thin films of lead oxide [14].

As a contribution to research on lead(II) thiosemi
carbazones and their complexes, we report in this
paper the molecular and crystal structures of a novel
polymeric lead(II) complex of 2-acetylpyridine-4Nmethylthiosemicarbazone (H4ML).
Experimental
Elemental analysis and spectroscopy
Elemental analyses were performed with a Carlo Erba
1108 analyzer. Melting points were determined with a
Biichi apparatus. Infrared spectra were obtained using
KBr pellets on a Bruker IFS28.
Reagents and materials
4-Methyl-3-thiosemicarbazide, 2-acetylpyridine and
lead(II) thiocyanate were purchased from Aldrich and
were used without further purification. The ligand H4ML
was prepared by the published method [15].
Preparation of the lead(II) comple.x
To a solution of H4ML (84 mg, 0.4 mmol) in 50 ml
of absolute THF was added a small quantity of sodium
powder, and the resulting mixture was added to a solution
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Table 1. Crystal data and structure refinement for
[Pb(4ML)(SCN).
Empirical formula
Formula weight
Temperature [K]
Wavelength [A]
Crystal system
Space group
Unit cell dimensions:
«[A ]
M A]
c [A]

a[°]
ß[°]

7 [°]

^

Volume [A' ]
Z
Density (calcd.) [g/cm3]
Absorption coeff. [mm - 1]
F( 0 0 0 )
Crystal size [mm3]
6 range for data collection
Index range

C,oH„N 5S 2Pb
472.55
293(2)
0.70930
triclinic
P\ (No. 2)
7.461 (2)
9.572(2)
11.235(2)
66.51(3)
84.01(3)
68.75(3)
685.1(2)
2

2.291
12.606
440
0.30 x 0.20 x 0.10
2.47 - 30.34°
0 < h < 1 0 ,- 1 2 < k
-15 < / < 15
Reflections collected
4431
Independent reflections
4144 [Asm = 0.0210]
Absorption correction
V>-Scan
Max. and min. transmission 0.3654-0.1161
Data / restraints / params.
4 1 4 4 /0 /1 6 7
Goodness-of-fit on F 2
1.091
Final R indices [/ > 2<r(/)] /?, = 0.0436
w/?2 = 0.1143
R Indices (all data)
R] =0.0533
w/?2 = 0.1266
Extinction coefficient
0.0171(1)
Largest diff. peak and hole 3.80 and -3.74 e • A"
of lead thiocyanate (131 mg, 0.4 mmol) in 35 ml of abso
lute THF. After 1 h stirring at room temperature the solu
tion became yellow. It was filtered over dry magnesium
sulfate and concentrated to approximately half its original
volume. Yellow single crystals suitable for X-ray analysis
were grown at room temperature by slow diffusion of an
acetone layer (2 ml) into 5 ml of this concentrate. Yield
of crude product: 65%, M. p. 161 °C. - IR (KBr pellet):
v = 3292 (N-H), 2058 (SC=N), 1577 (C=N), 1034 (N-N),
778.9 (C=S) cm“ 1. - C,oH,,N 5S2Pb (472.55): calcd. C
25.42, H 2.35, N 14.82; found C 24.67, H 2.77, N 15.87.
X-ray data collection and processing
X-ray data were collected at room temperature on an
Enraf-Nonius CAD4 diffractometer using Mo-A'c radia
tion (A = 0.70930 A) and a graphite monochromator. The
unit cell dimensions were obtained from a least-squares
fit to the setting angles of 25 reflections. Lorenz and polar-

Table 2. Atomic coordinates (x 104) oand equiva
lent isotropic displacement parameters (A x 10 ) for
[Pb(4ML)(SCN)]. Ueq is defined as one third of the trace
of the orthogonalized Ul} tensor.
Atom

X

y

z

Ueq

Pb
N (l)
C(2)
C(3)
C(4)
C(5)
C(6 )
C(7)
C(8 )
N(2)
N(3)
S(l)
C(9)
N(4)
C(10)
S(2)
N(5)
C( l l )

2438(1)
290(1)
414(1)
426(1)
315(1)
189(2)
185(1)
534(1)
698(1)
4963(8)
6099(9)
4242(3)
582(1)
690(1)
826(2)
-27(3)
229(2)
133(1)

178(1)
-142(9)
-157(1)
-192(1)
-81(1)
6 6 ( 1)
95(1)
-2726(9)
-422(1)
-2374(7)
-3515(8)
-1453(2)
-3220(9)
-1355(8)
-588(1)
-1788(3)
-493(1)
-362(1)

1010 ( 1)
3337(6)
4146(7)
5466(7)
5958(8)
5116(9)
3811(9)
3559(7)
4340(9)
2344(6)
1882(6)
-527(2)
656(7)
228(7)
105(1)
2015(2)
2164(9)
2110 (8 )

35(1)
42(1)
35(1)
47(2)
50(2)
53(2)
49(2)
36(1)
51(2)
32(1)
37(1)
38(1)
34(1)
44(2)
60(2)
47(1)
62(2)
44(2)

ization corrections and a semi-empirical absorption cor
rection based on ip-scans were applied [16]. More details
about the crystal data and structure refinement are given
in Table 1.
The structure was solved using the Patterson method
[17] and refined on F 2 by full matrix least-squares meth
ods with anisotropic displacement factors for all non
hydrogen atoms [18]. The sites of the hydrogen atoms,
except for that of H(4), were obtained geometrically and
refined isotropically on a group basis. The bridging H(4)
atom was found on the difference electron density map
and refined with fixed isotropic displacement parameters
[1.2 Ueq of the parent atom, N(4)]. Four peaks were de
tected as residual electron density in the final difference
map. However, they are located in the neighborhood of the
lead atom (0.79 - 0.93 Ä) and most likely resulted from
an incomplete absorption correction. Molecular graph
ics were obtained using the programs ZORTEP [19] and
ORTEP 3 for Windows [20]. The positional parameters
and the equivalent isotropic temperature factors for the
non-hydrogen atoms are listed in Table 2 [21].

Results and Discussion
The title complex has an unusual polymeric struc
ture in which the lead atom is coordinated with a
terdentate thiosemicarbazonato ligand and a thio
cyanate ion. Selected bonds and angles are listed in
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Table 3. Selected bond lengths [A] and angles [c for
[Pb(4ML)(SCN)].
Pb-N(l)
Pb-S(l)
Pb-S(l )11
Pb-Pb 1
N(4)-H(4)
N(4)H(4)-N(5)ni
S(l)-Pb-N(l)
S(l)-Pb-S(2)
N(l)-Pb-S(2)
N(4)-H(4)-N(5)m

2.554(6)
2.715(2)
3.049(2)
4.663(1)
1.003(5)
2.98(2)
136.5(2)
92.03(7)
87.6(2)
149.65(2)

Pb-N(2)
Pb-S(2)
Pb-S(2Y
Pb-Pb
H(4)-N(5)m
S(l)-Pb-N(2)
S(2)-Pb-N(2)
N(l)-Pb-N(2)

2.470(6)
2.929(2)
3.500(3)
4.211(1)
2.08(3)
71.53(1)
83.0(2)
65.3(2)

Symmetry transformations to generate equivalent atoms:
-y, 4 ; 11 I - X , -y, -Z-,111 - I + x , I + y, z.

1

Fig. 2. The linear polymeric chain in the complex
[Pb(4ML)(SCN)] showing both bridging thiocyanate and
thiosemicarbazone ligands. The hydrogen atoms were
suppressed to facilitate the view. Symmetry transforma
tions to generate equivalent atoms: 1 -x, -y, -z; 11 1 - x,
- y , -z .

Fig. 1. Perspective view of the asymmetrical unit of
[Pb(4ML)(SCN)] with the numbering scheme of non
hydrogen atoms. The vacant coordination site in the dis
torted trigonal bipyramidal geometry is interpreted as be
ing occupied by the nonbonding electron pair of Pb(II).
Displacement ellipsoids of the non hydrogen atoms are
shown at the 50 % probability level.

Table 3. The asymmetric unit of [Pb(4ML)(SCN)]
(Fig. 1), shows the Pb(II) ion with a distorted trigo
nal bipyramidal coordination. The apical positions
are occupied by the thiocarbonyl sulphur atom S (l)
and a pyridine nitrogen atom N (l), whereas the ba
sis of the pyramid comprises the azomethine nitro
gen N(2) and the sulphur atom of the thiocyanate
ion S(2). The third coordination site in the basal
plane is occupied by the lone pair of the lead
atom. This coordination mode was also observed
in the complex [Pb(4ML)OOCMe) [22] and is in
agreement with the proposal of Hancock et al. [10]
for lead(II) complexes with a stereochemically ac
tive lone pair, coordination number less than eight,
and Pb-N distances in the range 2.37 - 2.56 A
(whereas the Pb-N distances in complexes with a

Fig. 3. The hydrogen-bonding scheme in the complex
[Pb(4ML)(SCN)]. Symmetry transformation used to gen
erate equivalent atom s: 111 - 1+ x, 1 + y, z.

stereochemically inactive lone pair lie between 2.62
and 2.88 A).
Two five-membered chelate rings result from the
coordination of the terdentate thiosemicarbazonato
ligand to the lead atom. The angles N(l)-Pb-N(2) =
65° and N(2)-Pb-S(l) = 71,53° are both close to
the optimal value of 69°, calculated by molecu
lar mechanics [23] for an angle O-Pb-N in a fivemembered chelate ring. The small deviations may
be attributed to the difference in volume between
sulphur and oxygen. Both chelate rings are nearly
flat as is demonstrated by the average RMS devia
tion of 0.030 A.
The Pb-N distances (Pb-N(l) = 2.554(6) and PbN(2) = 2.470(6) A) are within the range found in a
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variety of lead(II) complexes [24] and are directly
comparable with those found in the related complex
[Pb(4ML)OOCMe] (2.482 - 2.546 A).
The thiocarbonyl sulphur atom S( 1) is 2.715(2) Ä
away from the lead atom. This value is slightly
shorter (0,15 A) than the distance between
lead and the thiocarbonyl sulphur atom in
[Pb(4ML)OOCMe] and is within the range 2.55 2.72 A found in lead(II) complexes in which the
sulphur atoms bears a formal negative charge [12].
The bond length between the lead atom and the
sulphur atom, S(2), of the thiocyanate ion with
2.929(2) A agrees well with those generally found
in complexes containing thiocyanate groups bound
via the sulphur atom [25]. The S (2)-C (ll) and the
C(11)-N(5j bonds in this moiety, with 1.647(9) and
1.175(1) A respectively, are also in the expected
range.
The coordination number of the lead atom is in
creased to six if we consider that both thiocyanate
and thiocarbonyl sulphur atoms act as bridges

between two symmetry related counterparts. These
weak interactions Pb-S (Pb-S(l)11 = 3.049(2) and
Pb-S(2)] = 3.500(3) A) give rise to a polymeric
structure with alternating Pb2S2 rings stretched
along the a axis (Fig. 2). The metal-metal distances
in these rings (Pb-Pb1 = 4.663(1) and Pb-Pb11 =
4.211(1) A) are considerably longer than twice the
van der Waals radius of lead(II) [26] and represent
no metal-metal interactions.
Finally it should be noted that there is also a weak
contact between the adjacent polymeric chains as
a result of weak N-H -N hydrogen bonding. This
interaction observed between N(4)-H(4) - N(5)m
(2.98(3) A), gives rise to an extended polymeric
framework stretched along the c axis (Fig. 3).
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