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The reaction between lead(II) acetate and 2-acetylpyridine 4 N-methylthiosemicarbazone
(H4ML) produced a complex of the formula [Pb(4ML)(OOCMe)] with an unusual polymeric
structure in which the lead atom is hepta-coordinate, the deprotonated thiosemicarbazone is a
tetradentate bridge, and the acetate group both chelates and bridges. The complex crystallizes
in the triclinic space group PI with a = 8.860(2), b = 9.394(2), c = 9.783(3) A, a = 108.93(4),
ß = 98.67(3), 7 = 107.87(5)°, V = 704.1(3) A , Z = 2 .

Introduction

Thiosemicarbazones have attracted attention on
account of both their applications as analytical
reagents [ 1 ] and their being, in some cases, rela
tively specific inhibitors of ribonucleotide reduc
tase, which is an important metabolic target for the
development of chemotherapeutic agents against
cancer [2]. Furthermore, the complexes of thiosemi
carbazones with metals, especially copper(II) [3],
possess a wide range of biological activities, includ
ing antibacterial, antimalarial, antiviral, and anti
neoplastic effects [4]. From a purely chemical point
of view, thiosemicarbazones are of interest because
of their versatility as ligands, having multiple po
tential donor atoms with different capacities for co
ordination and susceptibilities to protonation or de
protonation.
The coordination chemistry of lead(II) is of
chemical interest because of its range of possible
coordination numbers and stereochemistries (par
ticularly as regards the stereochemical influence of
its lone pair [5]), of pharmacological interest be
cause of the need to find effective chemotherapeutic
agents for treatment of lead poisoning [6 ], and of
technological interest because lead is included in a
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number of new multimetallic oxides with applica
tions in nonlinear electrooptics or as piezoelectric
of insulating materials [7], some of which may be
usable for deposition of thin films of lead oxide [8 ].
As a contribution to research on lead(II),
thiosemicarbazones and their complexes, we report
here the molecular and crystal structures of a novel
binuclear lead(II) complex of 2-acetylpyridine- 4 Nmethylthiosemicarbazone (H4ML).
Experimental

Physical measurements and instruments
Elemental analyses were performed with a Carlo Erba
1108 analyser. 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) acetate trihydrate were purchased from Aldrich
and were used without further purification. The ligand
H4ML was prepared by the published method [9],
Preparation of the lead(II) complex
To a solution of H4ML (42 mg, 0.2 mmol) in 25 mL
of absolute THF was added a small quantity of metallic
sodium powder, and the resulting mixture was added to
a solution of lead acetate trihydrate (76 mg, 0.2 mmol)
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Table I. Crystal data and structure refinement for
[Pb(4ML)(OOCMe)].
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions:
a
b
c
a
ß
7
Volume
Z
Density (calculated)
Absorption coefficient
F( 0 0 0 )
Crystal size
6 Range for data collection
Index ranges
Reflections collected
Independent reflections
Absorption correction
Max. and min. transmission
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2cr(I)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

C ,,H l4 N 40PbS
473.51
293(2)K
0.70930 A
triclinic
Pi
8.860(2) A
9.394(2) A
9.783(3) A
108.93(1)°
98.67(1)°
107.87(2)°
704.1(3) A3
2

2.233 Mg/m 3
12.132 mm - 1
444
0.25 x 0.18 x 0.04 mm
2.29 - 24.92°
- \0 < h < 1 0 , 0 < J K 1 1 ,
—11 < /< 1 0
2640
2475 [Ain, = 0.0291]
V’-scan
1.00 - 0.29
2 4 7 5 /0 / 173
1 .1 2 0

, = 0.0344,
w/? 2 = 0.0992
= 0.0492,
wR2 =0.1131
0.0018(8)
1.495 and -1.667 e-A~

in 20 ml of THF. After 1 h stirring at room temperature,
during which time it became yellow, the resulting solution
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 into 5
ml of this concentrate. Yield of crude product: 85%, m. p.
203.9 °C.
Analysis for C 22 H 2 gNg0 4 Pb 2 S2
Calcd C 27.9 H 2.98 N 11.8%,
Found C 27.8 H 2.73 N 11.8%.
IR spectrum: 3298w i/(NH), 1556s z/aSym(COO~), 1519m
u(C=C), i/(C=N), 1443m <5(NH) + i/(C-N), 1390s
i/Sym(COCT), 1036m i/(NN), 766m */(C=S), 663w

0 (CCC).
X-ray data collection and processing
All X-ray data were collected at room temperature
on an Enraf-Nonius CAD4 diffractometer using MoATq

Table II. Atomic coordinates (x 104) and equiva
lent isotropic displacement parameters (Az x 1 0 ) for
[Pb(4ML)(OOCMe)]. Ueq is defined as one third of the
trace of the orthogonalized t/y tensor.
Atom

x

y

z

t/eq

Pb( 1)
N(4)
S(l)
N(6 )
N(3)
N(12)
C(2)
C(5)
C( 11)
C( 16)
C (l)
C(15)
C(7)
C( 13)
C(14)
0(23)
C(21)
C(22)
0(24)

2397(1)
6599(9)
4422(3)
7404(10)
5327(9)
2859(10)
7496(12)
6213(10)
4410(12)
4751(13)
5750(11)
3450(16)
7243(15)
1616(15)
1836(15)
1953(10)
1154(11)
981(17)
533(8)

698(1)
1936(9)
1483(4)
1399(10)
2090(8)
2152(11)
3411(15)
1587(11)
2905(12)
3751(13)
2771(11)
3800(15)
847(14)
2186(16)
3007(17)
3115(9)
2976(11)
4507(15)
1702(9)

435(1)
1465(9)
3187(3)
3479(9)
575(8)
-1345(10)
-431(13)
2623(10)
-1338(11)
-2254(12)
-336(11)
-3189(14)
4690(13)
-2283(15)
-3192(16)
1501(9)
2469(11)
3406(15)
2639(9)

36(1)
34(2)
53(1)
39(2)
31(2)
43(2)
49(3)
31(2)
40(2)
46(2)
36(2)
58(3)
52(3)
58(3)
65(3)
50(2)
36(2)
64(3)
46(2)

radiation (A = 0.70930 A) and a graphite monochromator.
Crystal data and details of data collection are given in
Table I. The unit cell dimensions were obtained from
a least-squares fit to the setting angles of 25 reflections.
Lorentz and polarization corrections and a semi-empirical
absorption correction were applied [10].
The structure was solved using direct methods [11]
and refined on F2 by full matrix least-squares meth
ods with anisotropic displacement factors for all non
hydrogen atoms [12]. The positions of all the hydrogen
atoms were calculated in an ideal geometry, and their ther
mal displacement parameters were refined isotropically
on a groupwise basis. Molecular graphics were obtained
using ZORTEP [13] and SCHAKAL [14], The positional
parameters and the equivalent isotropic temperature fac
tors for the non-hydrogen atoms are listed in Table II [ 15],
Results and Discussion

Table III lists selected bond lengths and an
gles in [Pb(4ML)(OOCMe)]. The asymmetric unit
(Fig. 1) comprises a lead atom, a thiosemicarbazone
molecule coordinated as usual via its thiocarbonyl
sulphur [Pb-S = 2.730(3) A], azomethine nitrogen
[Pb-N(3) = 2.482(7) A], and pyridine nitrogen atom
[Pb-N(12) = 2.546(8) A], and an acetate group co
ordinated via one of its oxygen atoms [Pb-0(23)
= 2.352(7) A]. The Pb-S distance is slightly above
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Table III. Selected bond lengths [A] and angles [°] for
[Pb(4ML)(OOCMe)].
P b (l)-0 (2 3 )
P b (l)-N (1 2 )
P b (l)-0 (2 4 )
P b ( l) -0 ( 2 4 ) b
Pb( 1)-Pb( 1)a
0 (2 4 )-0 (2 4 )b

2.352(7)
2.546(8)
2.996(7)
3.244(8)
5.2811(6)
4.87(2)

P b (l)-N (3)
P b d ) -S ( l)
P b (l)-N (4 )a
P b (l)-P b (l)b
N (4)-N (4)a

2.482(7)
2.730(3)
3.039(8)
3.9056(6)
3.73(2)

0 (2 3 )-P b (l)-N (3 )
N (3 )-P b (l)-N (1 2 )
N (3 )-P b (l)-S (l)
0 (2 3 )- P b ( l)- 0 ( 2 4 )
N (1 2 )-P b (l)-0 (2 4 )
0 (2 3 )-P b ( 1)-N (4 )a
N (1 2 )-P b (l)-N (4 )a
0 (2 4 )-P b (l)-N (4 )a
N (3)-Pb( 1) -0 ( 2 4 ) b
S (l) - P b ( l) - 0 ( 2 4 ) b
N (4 )a-Pb( 1) -0 ( 2 4 ) b

95.0(2)
64.6(2)
69.1(2)
47.2(2)
117.8(2)
163.9(2)
90.5(2)
148.6(2)
125.3(2)
155.07(14)
69.8(2)

0 (2 3 )-P b (l)-N (1 2 )
0 ( 2 3 )-P b (l)-S (l)
N( 12)-Pb( 1)-S( 1)
N (3 )-P b (l)-0 (2 4 )
S (l)-P b (l)-0 (2 4 )
N (3 )-P b (l)-N (4 )a
S (l)-P b (l)-N (4 )a
0 (23)-P b ( 1)-0 (2 4 )b
N (1 2 )-P b (l)-0 (2 4 )b
0(2 4 )-P b ( 1)-0 (2 4 )b

73.9(3)
87.7(2)
127.8(2)
128.4(2)
74.8(2)
74.3(2)
99.2(2)
109.0(2)
75.8(2)
102.6(2)

Symm etry transformations used to generate equivalent atoms:

-x + 1, —y, —z;

—x, -y, -z.

Fig. 1. Perspective view of the asymmetrical unit of
the compound [Pb(4ML)(OOCMe)] with the numbering
scheme of the non-hydrogen atoms. The vacant coor
dination position of a theoretical distorted trigonal-bypiramidal geometry is interpreted as being occupied by
the nonbonding electron pair of Pb2+. The non-hydrogen
atoms are drawn at 50% probability contours of the ther
mal motion, while the hydrogen atoms have an arbitrary
size.

the range 2.55 - 2.72 Afound in lead(II) complexes
in which the sulphur atom bears a formal nega
tive charge, such as those in which the ligand is a
deprotonated mercaptane [6 b]. The Pb-N distances
are within the range found in a variety of lead(II)
complexes [16], although it may be noted that both
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are about 0.05 A shorter than in [Pb(Hdips)(N0 3 )2 ]
(Hdips = di-2-pyridylketone semicarbazone) [17].
The Pb-O distance is shorter than in lead(II) acetate
trihydrate (2.44-2.75 A) [18].
The coordination polyhedron may be regarded as
derived from a trigonal bipyramid in which the ax
ial positions are occupied by S(l) and N(12) and
the equatorial positions by N(3), 0(23) and the Pb
lone pair, which is responsible for narrowing S(l)Pb-N(12) and N(3)-Pb-0(23) from the ideal values
of 180° and 120° to their actual values of 127.8(2)°
and 95.0(2)°, respectively. In keeping with this, the
complex exhibits the features that Hancock et al. [5]
consider to be characteristic of lead(II) complexes
with a stereochemically active lone pair, the coor
dination number of the metal being less than eight
and the Pb-N distances in the range 2.37 - 2.56 A
(whereas the Pb-N distances in complexes with a
stereochemically inactive lone pair lie between 2.62
and 2 . 8 8 Ä).
Coordination of the thiosemicarbazone to the
lead atom creates two five-membered chelate rings
in which the angles S(l)-Pb-N(3) [69.1(2)°] and
N(3)-Pb-N( 12) [64.6(2)° ] are both close to the value
of 69° which, according to molecular mechanics
calculations [19], is optimal for O-Pb-N in fivemembered chelate rings. (The discrepancies may
be attributed to the difference in atomic volume be
tween sulphur and oxygen.)
In the acetate group, the non-coordinated oxy
gen atom 0(24) is 2.996(7) A from the lead atom
of its own asymmetric unit and 3.244(8) A from its
centrosymmetrically related counterpart. Both these
distances are considerably longer than the Pb-O dis
tances in lead(II) carboxylates [ 18] but are shorter
than the sum of the van der Waals radii of oxygen
and lead(II), 3.50 A [20], and may therefore be con
sidered indicative of bonds with very little covalent
character. A similar Pb - O distance of 2.93 A has
been interpreted as showing weak electrostatic in
teractions in certain complexes of lead(II) with oxaazamacrocycles [21], and a Pb -O distance of 2.93
A has been used as evidence of weak outer coor
dination in thiohydroxamate complexes of lead(II)
with O-Pb-O angles of 125.85(5)° [6 b],
Fig. 2 shows that if the weak Pb-O interactions are
taken into account, the acetate group both chelates
the lead atom of its own asymmetric unit and bridges
between this atom and its centrosymmetrically re
lated counterpart [2 2 ], and the coordination number
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Fig. 2. View of part of the crystal
structure of [Pb(4ML)(OOCMe)],
showing 50% probability displace
ment ellipsoids and the acetate
groups in arrangements involving
chelation and bridging.

C15C

024A

Fig. 3. Perspective view of part
of the crystal structure of
[Pb(4ML)(OOCMe)],
showing
50% probability displacement ellip
soids and the N.^S bridging tetracoordination of the thiosemicarbazone.

of the lead atom is increased to six. In the resulting
flat Pb2 Ü 2 ring, the Pb-Pb distance [3.9056(6) A] is
slightly shorter than twice the van der Waals radius
of lead(II) (4.00 A), O-Pb-O = 102.6(2)°, 0 - 0 =
4.87(2) A and Pb-O-Pb = 77.4(2)°.
The C -0 distances in the acetate group differ,
being longer [1.281(12) A] for the oxygen with
the shorter Pb-O distance and shorter [ 1.230( 11)
A] for the oxygen with the longer Pb-O distance.

This asymmetry contrasts with the situation in
[Zn(4 EL)(/u2 -OOCMe) ] 2 (4EL = 2 -acetylpyridine4 N-ethyl thiosemicarbazonato), in which the ac
etate group likewise both bridges and chelates, but
in which the C -0 distances are practically equal
[1.20(2) and 1.22(2) Ä] [23].
The distance between the hydrazinic nitrogen
N(4) and the lead atom related to Pb( 1) by the sym
metry operation 1 - jc, -y, - z is only 3.039(8) A,
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Fig. 4. View of the linear polymeric chain in the lead(II) complex showing both bridging acetate and thiosemicarbazone
molecules.

significantly less than the sum of the van der Waals
radii of nitrogen and lead(II), 3.55 A[20]. If this is
interpreted as indicating a further weak bond, the
lead atom is heptacoordinate in an extremely irreg
ular coordination polyhedron. The Pb-N(4) bond
creates a Pb2 N4 ring with a chair conformation in
which the P b - P b distance, 5.2811(6) A, is consid
erably longer than twice the van der Waals radius of
lead(II), and the angles N(3)-Pb( 1)-N(4A) [77.39(2)
A] and N(3)-N(4)-Pb(l A) [110.04(2) A] are consis
tent with the existence of Pb-N(4) bonds, unusual
in the coordination of thiosemicarbazones [24].
The weak Pb-O and Pb-N interactions give rise to
a polymeric structure in which chains of alternating
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