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CRYSTAL STRUCTURE OF CATENA-DI(2-THIOBARBI-
TURATO-0,S)AQUALEAD(II)

© N.N. Golovnev' and M. S. Molokeev’ UDC 541.49:548.73

The crystal structure of catena-di(},-2-thiobarbiturato-O,S)aqualead(Il) CgHgN4O5S,Pb (C4H4N,O,S is
2-thiobarbituric acid, H,TBA) is determined. Crystallographic data for catena-[Pb(H,O)(1,-HTBA-O,S),]
are as follows: a=6.5972(1) A, b=9.8917(2) A, ¢=10.0893(2) A, o =106.702(1)°, B=93.395(2)°,
y=107.48(1)°, V=593.82(2) A®, space group P1, Z=2. The Pb*" ion is linked with six monodentate
HTBA"™ ligands through two O atoms and four S atoms and also connected with a water molecule.
Additionally, there is a shortened Pb—S contact (3.622 A), given which the complex polyhedron represents
a distorted square antiprism. Hydrogen bonds N—H:--O and O—H:--O form a branched three-dimensional

network. The structure is also stabilized by the n—m interaction of heterocyclic HTBA™ ions.
DOI: 10.1134/S0022476613050193
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Compounds containing a pyrimidine ring play an important role in many biological systems, where they enter into
the composition of nucleic acids, several vitamins, coenzymes, and antibiotics. One substance in this group is thiobarbituric acid
(4,6-dihydroxy-2-mercaptopyrimidine, C;H4N,O,S, H,TBA). It and several its derivatives have been long used due to their
pharmaceutical properties [1]. Its complexes with metals can exhibit specific biological activity, e.g., anticancer action [2].

Thiobarbituric acid is a polyfunctional ligand and can exist in several tautomeric and polymorphic forms [3]. For it,
we can expect the formation of complexes with different compositions and structures depending on the nature of the central
metal ion and the medium acidity. This determines the scientific interest in the study of its interaction with metal ions.

The H,TBA complexes with the ions of d-block elements Cu(Il), Fe(Il, III), Co(II), Ni(II), Zn(II), Cd(IT) have been
synthesized and characterized [4-6], and some of them possess antimicrobial activity [7]. For p-block elements, the structure
of only one complex [(n-Bu);Sn(HTBAH)-H,0] has been described [2].

In this report, the [Pb(H,O)(HTBA),] complex is synthesized and using X-ray powder diffraction its structure is
determined.

Experimental. Pb(NOs), (chemically pure) and H,TBA (chemically pure) were used.

Catena-di(2-thiobarbiturato)aqualead(Il), catena-[Pb(H,0)(1,-HTBA-O,S),] (I). A portion of Pb(NOs), was added
to the suspension of 0.2 g of H,TBA in 4 ml of water. The molar ratio (NO;),:H,TBA = 1:2 (pH 4). A light yellow residue
formed in 2 days was filtered off, washed with alcohol, and dried in the air. The results of elemental analysis (found/calculated
for I, wt.%) are as follows: C 18.37/18.79, H 1.42/1.58, N 11.24/10.95, S 12.87/12.54, Pb 40.1/40.5. Product yield was 94-96%.
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Fig. 1. Experimental (dots), theoretical (line), and differential (line
below) X-ray diffraction patterns of the Rietveld refinement for the
crystal of I and the Bragg factors Rp, step/exposure.

X-ray diffraction study. The powder X-ray diffraction pattern of I was recorded on a Bruker D§ ADVANCE
diffractometer using a linear VANTEC detector and CuK,, radiation. In the experiment, the technique of variable cam timing
(VCT) and variable scanning step (VSS) was used [8]. The experimental X-ray diffraction pattern was divided into four parts
(Fig. 1) for VCT/VSS in the XRD Wizard software [9]. The total time of its measurement was about 19.5 h.

The unit cell parameters and space group were determined using the DASH 3.3 software [10]. The determination of
the parameters gave the triclinic cell (M(30) =28.8, F(30) = 89.4). The structure was solved for the centrosymmetric P1
space group by its modeling in the direct space with subsequent phase annealing using the TOPAS 4.2 software [11]. The cell
volume corresponded to 16-20 atoms in the asymmetric unit; therefore, two C;H;N,0,S™ (HTBA") anions and one Pb* ion
were generated. The phase annealing provided a structure model using which the Rietveld refinement in the TOPAS 4.2
software was performed. The coordinates of H atoms were idealized and refined along with heavy atoms in the riding model.
As a result, from difference electron density maps, a peak corresponding to the oxygen atom of a water molecule was found.
The hydrogen atoms belonging to a water molecule were not revealed from the difference electron density maps, thus, only
one oxygen atom was refined. The VCT technique made it possible to refine the thermal parameter of Pb in the anisotropic
approximation. The refinement process was stable and provided low uncertainty factors R for all four parts of the X-ray
diffraction pattern (Fig. 1).

The main crystallographic characteristics of I and the experiment parameters are as follows: chemical formula
CsHgN,OsS,Pb, M. =511.51, a=65972(1) A, b=9.8917(2) A, c=10.0893(2) A, o =106.702(1)°, B=93.395(2)°, y=
107.48(1)°, V'=593.82(2) A®, space group P1, Z=2, dy=2.850g/em’, n=31.213 mm', 20 range of 5-140°, 2235
reflections, 151 refined parameters, R,,, = 2.263%, Ry, = 1.000%, R, = 1.747%, GOOF(y) = 2.264.

The graphical representation of all crystal structures and molecules was made using the DIAMOND software [12].
The structure was deposited with the Cambridge Structural Database (CCDC) under No. 900452. The data can be obtained
from the website www.ccdc.cam.ac.uk/data_request/cif.

Results and discussion. The synthesized complex compound is a chain polymer, in which the bridging HTBA™
ligand via the O atom and the S atom links two Pb*" ions. Its structure corresponds to the catena-di(p,-2-thiobarbiturato-
0,S)aqualead(Il) name and the catena-[Pb(H,O)(HTBA-O,S),] formula.

The asymmetric unit of complex I contains one Pb** ion, two HTBA ™ ions, and one water molecule (Fig. 2a). The
lead ion is bonded with two oxygen atoms (the bond lengths are 2.5544(6) A and 2.736(7) A), four sulfur atoms (for them,
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Fig. 2. Asymmetric unit of the crystal of I (a); coordination environment of Pb(II) in I (b). Intermolecular
hydrogen bonds are denoted by dotted lines.

TABLE 1. Hydrogen bonds D-H---A (A, deg) in the structure of I

D-H-A D-H H-A DA D-H:-A
Nla-Hla:-O2b' 1.00 1.93 2.93(1) 173
Nib-H1b---0O2a 0.78 2.15 2.92(1) 170
N3a-H3a---O1b’ 0.85 2.07 2.92(1) 175
N3b-H3b---Ola* 0.94 1.94 2.81(1) 154
O-H---Ola° 2.63(1)
O-H---02b' 2.59(2)

Symmetry operations: 'y, 1+y, z; %X, -1,z -1, v, z—1; 14x, v, 14z, ° 1=, 1-y, 2—z; 5, y, 1+z.

the bond lengths are in a range of 3.11-3.31 A) of the HTBA ™ ion, and one O atom of a water molecule (the bond length is
2.528(9) A). For the fifth S atom, the Pb—S distance is 3.622(4) A. The analysis of CCDC [13] showed that the Pb-S distance
greater than 3.6 A taken as chemical bond rarely occurs (only in two compounds with codes DISNID and RAQSAD).
Therefore, it is better to treat the longest Pb—S bond as a shortened contact. Taking it into account, the Pb*" ion forms a
distorted square antiprism (Fig. 2b) and is linked with seven HTBA™ ions and one water molecule. Two antiprisms are
connected with each other by a common face consisting of four S atoms of the HTBA™ ions. Each of them has a common S-S
edge with another same antiprism. The edge consists of a single sulfur atom of the terminal distorted square and one of four S
atoms of the face connecting the antiprisms in pairs. As a result, a stepped chain structure forms, where each step is a pair of
square antiprisms connected by a common face, and the antiprisms are arranged in columns located along the a axis. The
space between them is filled with the HTBA™ structural moieties.

Five intermolecular hydrogen bonds (Table 1) form a three-dimensional framework. In addition, there should be two
more hydrogen bonds between a water molecule and the Ola, O2b oxygen atoms in the structure. It is between these atoms
the shortened distances d(O—-O1la) =2.63 A, d(O—02b) =2.59 A were revealed using the PLATON software [14]. The Ola—
0O-02b angle is 130.6(5)°, so if the H atoms of a water molecule are located near the Ola—O and O2b—O bond lines, as it
should be for the normal hydrogen bond, the geometry of the H,O molecule will not be distorted.

Using the PLATON software, the n—n interaction parameters between the HTBA ™ anions were calculated (Table 2).
The HTBA ™ has the head-to-head type packing [15].

970



TABLE 2. n—= Interaction Parameters of the HTBA ™ Ions in the Crystal of I

Cgi—Cg;

d(Cg-Cg), A

o, deg

B, deg

Y, deg

Cgi_p, A

Shift, A

Cg—Cg)

3.531(4)

3.6(4)

22.75

25.59

3.184(3)

1.53

Note. Cg, is the Nla, C2a, N3a, C4a, C5a, Co6a ring plane. Cg, is the N1b, C2b, N3b, C4b, C5b, C6b ring plane.

Cg), is produced from Cg, by transformation [1—x, 1-y, 1-z].
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