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Abstract:

1-benzoyl(1,2,4-triazol-3-yl)thiourea [BTThU] ligand and its [dimethyltin(IV),
Pd(Il) and Cu(ll)] complexes are synthesized. The complexes are formed in
molar ratio Cu(BTThU),, DMT(BTThU), and Pd(BTThU),. The
characterization has been done by using different physicochemical methods as
elemental analyses, IR, 'H NMR DMSO-d°® and molar conductance
measurements. The stability constants of the formed species that produced from
the interaction of [BTThU] with dimethyltin(1V) [DMT], dibutyltin(1V) [DBT]
and diphenyltin(1V) [DPT] were determined potentiometrically using the non-
linear least-square program MINIQUAD-75 in 50% ethanol-water mixture and
0.1M ionic strength at 25°C. Concentration distribution diagrams for these
system were evaluated. The theoretical conformational structure analyses were
performed using density functional theory for thiol and thione tautomeric forms
of [BTThU] ligand and its complex at B3LYP functional with 6-311G basis set
for ligand and LANL2DZ basis set for complex. The theoretical vibrational
frequency values of the optimized structures were calculated. The charge
distribution within the ligand and its dimethyltin(1VV) complex was calculated
using Mulliken population analysis of [MPA] and natural population analysis
[NPA]. The biological activity of BTThU ligand and its dimethyltin(IVV) complex
were tested in vitro against some selected species of fungi and bacteria. The
hepatocellular antitumor effect of all compounds was investigated.
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Introduction

Cancer is one of the main causes of mortality and morbidity in world. Metal-
based antitumor drugs play a relevant role in antiballistic chemotherapy.
Cisplatin is regarded as one of the most effective drugs, even if severe toxicities
and drug resistance phenomena limit its clinical use. Therefore, in recent years
there has been a rapid expansion in research and development of novel metal-
based anticancer drugs to improve clinical effectiveness, to reduce general
toxicity and to broaden the spectrum of activity. Among non-Pt compounds, it
was of considerable interest to develop novel antitumor Pd(Il) complexes as the
coordination chemistry of Pd(Il) and Pt(Il) is usually similar. Also, organotins
are gaining more attention as anti-cancer agents due to their potent cytotoxicity
properties[1] and copper complexes are potentially attractive as anticancer
agents[2]. Copper complexes have attracted attention based on modes of action
different from that of cisplatin (covalent binding to DNA). Therefore, copper
complexes may provide, at least in principle, a broader spectrum of antitumor
activity[2]. Heterocyclic compounds play one of the most important roles in
modern medicinal compounds. One series of heterocyclic compounds of
particular interest are Schiff bases of 1,2,4-triazoles that shows an important
spectrum of biological uses [3-5] because of its an electron rich model so, it
readily binds with a many enzymes and receptors in biological systems. Benzoyl
derivatives of thiourea have gained a great deal of importance in the present
day[6]. Thiourea linkages have contributed greatly to the observed
enhancement in various activities including anticancer [7], antiviral [8],
antibacterial [9-12], antifungal [13] and antimalarial [14, 15]. Therefore the
combination between these two biologically active scaffolds is a chance to give a
new compound of expected an acceptable biological activity, viz. [BTThU] 1-
benzoyl(1,2,4-triazol-3-yl) thiourea. Extensive studies were done on
organotin(lV) coordination geometries and their structural diversity
(monomeric, dimeric, hexameric, and oligomeric) [16]. They showed success in
the area of inorganic and metal organic chemistry through pharmacological
[17,18] (antifungal, antibacterial and antitumor drugs) applications. So referring
to the huge applications of the organotin(lVV) complexes [19,20] specially the

antibacterial and antifungal, It was of interest to investigate some of new tin



complexes with 1-benzoyl(1,2,4-triazol-3-yl) thiourea. This investigation provides
a new opportunity for the development of novel antimicrobials to overcome the
ever increasing of drug resistance problem.

Experimental

Dimethyltin(1V) dichloride [DMT], diphenyltin(IV) dichloride [DPT] and
dibutyltin(IV) dichloride [DBT] were obtained from Merck Chem. CuCl,-2H,0
and Na,PdCl, obtained from Sigma Chem. Co. Carbonate-free NaOH (titrant)

was used for the standardized against potassium hydrogen phthalate solution.

Preparation of 1-benzoyl(1,2,4-triazol-3-yl)thiourea ligand

The (1-benzoyl(1,2,4-triazol-3-yl)thiourea) abbreviated as [BTThU] was
obtained by interaction of 3-amino-1,2,4-triazole with benzoylisothiocyanate in
equimolar amounts as described previously [21]. Purification for reaction
product was done by crystallization from ethanol. The ligand formed white
crystals with yield 85%.

Calc. for C1oHgNsSO: C, 48.6; H, 3.64; N, 28.3; S, 12.97. Found: C, 49.0; H, 3.9;
N, 27.8, S, 12.72.

I.LR : 1702 ( vC=0O carbonyl group), (3404, 3294 and 3205 (three vNH)), 1661
(vC=N), 920 v(N-N) ring and 1519 ( vNCN).

The *H NMR DMSO-d® and **C NMR spectra of the BTThU in DMSO show the
following:

'H NMR shows multiplet signals at & 7.49-8.4 (5H, Ar.), 4 7.474 (H, CH
triazole) and o 11.8, 12.6 & 14.0 (3H, 3NH).

3¢ NMR DMSO-d® shows the chemical shifts of carbons pertaining to CONH
and CSNH moieties resonance at 166.2 ppm and 177.1 ppm, respectively. Signals
for aromatic carbons appeared in the region between 127—-137 ppm. For triazole
carbons (N-C-N) and (N-C-NH) appeared at 153 and 147 ppm respectively.

Synthesis of metal complexes
All studied complexes DMT(1V), Cu(ll) and Pd(Il) complexes were prepared in
1:2 (metal:ligand) ratio. Cu(ll) and Pd(ll) complexes were separated as

described in previous work[22]. Dimethyltin(IVV) complex was prepared by using



dimethyltin dichloride (1 mmol, 0.2196 g) and the appropriate amount (2
mmoles, 0.2494q) of ligand, both dissolved in the smallest possible volume of
EtOH. The mixture was refluxed in a water bath for 1 hour. The complex was
precipitated, filtered and dried. A yellowish white precipitate was obtained with
yield 67%.

Calc. for SnC3,H22N10S,0,: C, 41.4; H, 3.4; N, 21.8%. Found: C, 41.7; H, 3.0; N,
21.5.

The I.R spectra for dimethyltin(I\V) complex shows bands occurring at 1685 cm™ (v
C=0), 1537 (v NCN), 1022 v(C-S) and 473 & 409 (v M-O & M-S).

The *H NMR DMSO-d® spectrum of the DMT(IV) complex shows & 1.3 (6H, Sn-
Me), multiplet signals at 6 7.49—8.04 (5H, Ar.), 6 7.465 (H, CH triazole) and 6 8.1 &
11.4 (2H, 2NH).

3C NMR DMSO-d® shows the chemical shifts of carbons pertaining to CONH and
CSNH moieties resonate at 157.2 ppm and 172.1 ppm, respectively. Signals for
aromatic carbons appeared in the region between 127—133 ppm. For triazole carbons

(N-C-N) and (N-C-NH) appeared at 155 and 147 ppm respectively.

Computational methods

Density Functional Theory [DFT] calculations have been carried out to
investigate the equilibrium geometry of 1-benzoyl(1,2,4-triazol-3-yl)thiourea and
its dimethyltin(IVV) complex using Gaussian 09 program[23] at b3lyp/6-311G
level of theory for BTThU and B3LYP/LANL2DZ for the complex [24].

Biological measurements
A modified Kirby-Bauer disc diffusion method [25] was used to evaluate the
antimicrobial activity of the tested samples as described with the Cu(ll) and

Pd(11) complexes in previous work[22].



Apparatus and measuring techniques

Metrohm 751 Titrino instrument was used to carry out the potentiometric
measurements. Potassium hydrogen phthalate, (pH 4.008) and a mixture of
KH,PO, and Na,HPO, (pH 6.865) buffer solutions were used to calibrate the
electrode.

The acid dissociation constants of the ligand 1-benzoyl(1,2,4-triazol-3-yl)thiourea
were determined potentiometrically. The ligand was prepared in the protonated
form with standard HNOgj solution. The ligand solution ,40 mL at a
concentration of 2.5x10° M was titrated with NaOH. Diorganotin(1V), as DMT,
DPT and DBT, hydrolysis constants were determined by titrating a solution of
each, 40 mL of concentration 2.5 x 10° M with (0.05 M) NaOH. The formation
constants of diorganotin(lVV) complexes were determined by titrating solution
mixture , 40 mL, containing diorgantin(1V) (1.25x10° M) and ligand (2.5x10°
M) of the ligand. In all titrations,the ionic strength was maintained 0.1M by
NaNOs. Also, all titrations were performed in 50% (ethanol-water system) and in
a purified N, atmosphere, using aqueous 0.05 M NaOH.

The computer program [26] MINIQUAD-75 was used to perform the
calculations.

Various possible composition models were tried to determine the stoichiometries
and stability constants of the complexes formed. The model which gave the best
statistical fit was selected and was chemically consistent with the titration data
without giving any systematic drifts in the magnitudes of various residuals, as
described elsewhere [26]. The fitted model was tested by comparing the
experimental titration data points and the theoretical curve calculated from the
values of the acid dissociation constant of the ligand and formation constants of

the corresponding complexes.
The equilibrium constants were evaluated from titration data, defined by Eqn.

(1) and Eqgn. (2).
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Where M, L and H represent Diorganotin(lV), 1-benzoyl(1,2,4-triazol-3-

yl)thiourea and proton respectively.

(Table 6) lists the formation constants obtained from the program MINIQUAD-
75.

The speciation diagrams were obtained using the program SPECIES [27].
Elemental analysis was done by CHNS Automatic Analyzer, Vario EL IlI-
Elementar, Germany. IR spectra were measured on a Shimadzu 8001-PC FT-IR
spectrophotometer using KBr pellets. ‘H NMR spectra were recorded on a
Varian GEMINI 200 spectrometer at 200 MHz using dg¢-DMSO as solvent.

Results and discussion

Solid complexes characterization

The chemical composition of the dimethyltin(IVV) complex was characterized by
elemental analysis. The data is supporting the formation of 1:2 complex
(dimethyltin(IV): ligand). The molar conductance of the complex solution is very
low value indicating that the complex is having nonelectrolyte nature. This
indicated that the complex is self-neutralized by the attached ligands with the
absence of any ionic chloride ions in the outer sphere of the complex, therefore
the ligand coordinated as mono-negatively charged anion.

The IR and 'H NMR bands of the BTThU and Me,Sn(1V) (BTThU), were
pointed out in the synthesis part. The Important IR absorption bands for
BTThU and Me,Sn(1V) (BTThU), are given in (Table 1).

The 'H NMR spectrum of the Me,Sn(1V) (BTThU), complex shows shift in the
multiplet signals of the aromatic protons with the appearance of new signals at
1.3ppm, related to the (6H, Sn-Me). The two signals that appeared at 8.1 and 11.4
ppm in complex are attributed mainly to the two NH groups with the
disappearance of the peak corresponding to NH group occurring between C=S

and triazole ring. The IR spectrum of the ligand shows the disappearance of the



C=S group with the formation of C-S band at 1022cm™ [28]. NCN vibration
band [29] is shifted also to 1537 cm™. This is due to the increased double bond
character of the C=N bond and the shift in Carbonyl group (C=0) to the region
1685cm™. The IR spectrum of the complex shows appearance of new bands at
473 cm™ and 409 cm™ | due to M-O and M-S [30] bonds respectively. This
indicates that the co-ordination of carbonyl oxygen atom of the ligand with Sn
ion and the sulfur atom is participated in the formation of the complex [31] as S,
i.e. the ligand reacted as monoanionic ligand by using the sulfur atom. The
structure of Me,Sn(1V) (BTThU), complex is given in (Figure 1).

Therefore, it is assumed that the coordinated species of the ligand is the thiol
form. The thiol form may exist in two tautomers, thiol 1 and thiol 2, as given in
(Figure 2). Their stability will be investigated from DFT calculations.

Cu(l1) and Pd(11) complexes were characterized and confirmed in previous work
[22].

DFT Calculations

The values of dipole moment, energy gap, hardness [n], ionization potential [IP],
electron affinity [EA] and total energies of the optimized structures of the
different tautomeric forms of the ligand (Figure 3) and (CHj3),Sn(BTThU),
complex are evaluated. The highest occupied molecular orbital [HOMO] and
lowest unoccupied molecular orbital [LUMO] energies are investigated for their
importance in the study of the chemical reactivity [32-34]. All of the previous

values are collected in (Table 2).

Geometry Optimization and Electronic Properties:

The absolute energy values of the ligand tautomers, given in (Table 2), are
compared. The values are very close to each other, but one may consider that
thiol 2 tautomer as the most stable form. Further studies may be required to give
a strong evidence to assign the most stable tautomer of the ligand.

The chemical reactivity of the ligand is dependent on the energy of HOMO,
LUMO, ionization energy [IE], electron affinity [EA] and hardness. The
corresponding values are given in (Table 2). The chemical reactivity relies on the
energy gap between HOMO and LUMO energy levels, the lower the energy gap,

the higher reactive system so [35]. This means that a molecule with a small



HOMO-LUMO gap is more reactive and is a softer molecule. The reactivity
order of the different forms are Thione > Thiol 2 > Thiol 1. For the two thiol
forms, Thiol 2 is more reactive than thiol 1. Thiol 1 tautomer is having the
highest value for the hardness as calculated by the equation n [Hardness=1/2 (E
Lumo - E nomo)]. The high value implies resistance to charge transfer and
reactivity [35, 24]. The soft molecules undergo changes in electron density more
easily and are more reactive than hard molecules. Therefore Thiol 2 tautomer is
the most predicted form for complexation with dimethyltin(1V). The polar
nature is estimated by the calculated values of dipole moment.

The optimized structures of Thiol 2 and its dimethyltin(IVV) complex, numbering
system, the vector of the dipole moment and the generated molecular orbital
energy diagrams - HOMO, LUMO are presented in (Figure 3).

Atomic Charges, NBO Analysis and Structural Analysis:

The geometric change of the ligand upon complex formation with
dimethyltin(1V) is investigated. The bond lengths and angles are compared,
(Tables 3,4). Many bonds undergo increasing and decreasing in their lengths
upon complexation with Sn(1V) ion. The vibrational frequencies of the optimized
BTThU (Thiol 2) ligand and its dimethyltin(IVV) complex were calculated and no
imaginary frequencies are observed. The most important calculated frequency
bands of BTThU and its dimethyltin(1V) complex, in cm™are :

BTThU: 1698 v(C=0 carbonyl group), (3204 v(- NH)), 1662 v(C=N), 916 v(N-N)
ring and 1509 v(NCN).

Dimethyltin(IVV) complex: 1652 v (C=0 carbonyl group), 1521 v(NCN), 1016 v(C-
S) and 462 & 417 v(M-O & M-S respectively).

The atomic charge distribution of the Thiol 2 form of the ligand and its
dimethyltin(1VV) complex is determined by Mulliken population analysis [MPA]
and natural population analysis [NPA] at b3lyp/6-311G and LANL2DZ(Sn) level
of theory. The results for some selected atoms are presented in (Table 5).

The attribution of the net atomic charges in the molecular system is determined

by the Population analysis [36]. Further, the distribution of positive and negative



charges is important from the perspective of increase or decrease in the bond
length between atoms.

The results pointed out that the most negative atomic charges are related to
oxygen and nitrogen atoms in the BTThU, and to oxygen, nitrogen and
organotin(lV) carbon atoms in its Me,Sn(IV) (BTThU),. In the NBO analysis of
the Me,Sn(1V) derivative, the most negative charges are at the organic carbon
atoms. Further, in the BTThU the nitrogen atoms have high positive charge than
the oxygen atoms and also upon chelation the charge become more negative on
the oxygen atom and more positive on the nitrogen atom relative to the BTThU.
This is most probably due to the involvement of oxygen atom in coordination to
the tin(1V) atom [37]. The cloud density on S increases after deprotonation of the
thiol group with the decrease of the electron densities on the neighboring atoms.
The electron density on the tin atom increases after complexation due to the
charge transfer from the ligand (BTThU) to the central tin ion i.e. L—M. Sn (1V)
ion attached to the ligand via O and S donor atoms.

Potentiometric study

The acid dissociation constants (pKa) of 1-benzoyl(1,2,4-triazol-3-yl)thiourea
[BTThU] (H.,L") in the protonated form were determined by direct
potentiometric measurements. The pK, values were found to be 4.10 and 10.25
corresponding to the protonated triazole ring and proton release may be from —
SH group as seen in (Figure 4).

The potentiometric data fitting for the hydrolysis of the dimethyltin(1V) [DMT],
dibutyltin(1V) [DBT] and diphenyltin(IVV) [DPT] ions in 50% ethanol-water were
considering the formation of the three hydroxo species 10-1, 10-2 and 20-1 (Table
6). The aqua-hydroxo complexes tendency for dimerization is described by the
general equilibrium:

|Og Kdimer

[R.Sn(H20).]*" + [R.Sn(H,0)(OH)]*
(100) (10-1)

[(H,0)R,Sn(OH)SNR,(H,0)]** + H,0
(20-1)

Where R = methyl-, butyl- or phenyl- group.



The dimerization constants can be determined by (Eqn. 3), the values are 4.38,
758 and 3.89 for dimethyltin(1V), dibutyltin(lV) and diphenyltin(lV);
respectively.

log Kgimer = 109 B20-1- 10gB10-1 (3)

By the comparison of the potentiometric titration curves of 1-benzoyl(1,2,4-
triazol-3-yl)thiourea (Figure 5) in the presence and absence of diorganotin(1V),
diphenyltin(1V) and dibutyltin(1V). The complex titration curve is significantly
lower than BTThU curve; indicate the complex formation through the releasing
of a hydrogen ion.

The complex formation equilibria of dimethyltin(lV) with BTThU is
characterized by the fitting of the potentiometric data to various models. It was
found that 110 and 120 stoichiometric coefficients were the best model for the
formed complexes.

Speciation study

The concentration distribution diagram for the dialkyltin(IV) complexes are
given in (Figures 6-8). The speciation of dimethyltin(IVV) complex given in
(Figure 6), displays that the 110 species is formed at low pH with formation
degree of 44% at pH = 6.5, the concentration of the 120 species increases by
increasing the pH. At the physiological pH range (6-8), both 110 and 120 species
are predominating. From the biological point of view, It is interesting to note
that the 110 species predominates at the physiological pH range and
consequently, the interaction with DNA is feasible.

The cytoxic activity studying

The cytoxic activity results of the synthesized complexes against the human
hepatocellular carcinoma cell line (HepG-2) are plotted in (Figure 9). According
to Shier[38,39], The compounds have 1Cs, value within 10.00-25.00 pg/mL range
are weak anticancer agents, compounds display 1Cs, value between 5.00-10.00
pg/mL are moderate while those exhibiting 1Csy value below 5.00 pg/mL are
considered strong anticancer agents. Cu(ll) complex has the superior cytotoxic
activity between the three synthesized complexes against HepG-2 cell line, while
both Pd(Il) and DMT(1V) complexes are considered weak anticancer agents. The
highest cytotoxic activity may due to the high affinity of Copper to bind DNA
than any other divalent cation, thus promoting DNA oxidation [40, 41]. On the



opposite of classical anticancer drugs that display a high selectivity for their
molecular target, copper complexes affect DNA and a myriad of proteins to
induce a general toxicity that is lethal to cancer cells. Due to its ability to
participate in redox reactions, copper is able to produce large amounts of ROS
through a Fenton-like reaction to damage DNA and proteins [42].

The microbial activity and molecular docking investigation:

The antibacterial and antifungal activity of BTThU and DMT(BTThU), are
listed in (Table 7) and (Figure 10). The dimethyltin(IVV) complex is inactive
against (Candida albicans and Aspergillus flavus) fungi but the free ligand is
active against them. The results of the antibacterial activity showed that the free
ligand and its DMT(BTThU), complex is active against Gram positive bacteria
(Bacillus subtilis and Staphylococcus aureus) and gram negative bacteria
(Pseudomonas aeruginosa and Escherichia coli). On the chelation theory [43], we
can explain the inhibition zones results. The tin ion polarity will be decreased
after chelation mostly due to of the partial positive charge sharing with the
donor groups within the chelate ring system which formed during the
coordination and also possibly due to the chelate ring w-electron delocalization as
supported by the dipole values (Table 2). This process of chelation, in turn,
increases the lipophilic nature of the central metal atom which represented by
the calculated dipole moment of the complex (1.366 D), which subsequently
favors its permeation more efficiently through the lipid layer of the
microorganism as Escherichia coli as resulting in the interference with normal
cell process, and hence destroying them more aggressively [44]. The different
numerous compounds effectiveness variations depend on the impermeability of
the cells of microbes or difference in ribosome of the microbial cells [45]. The
coordination processes of BTThU with metal ions decreased antifungal activity.
An interpretation to this fact can be present in the high reactive capacity of
ligands with the necessary microelements for fungal nutrition [46].

Mol format file was used for docking process by using the optimized structures
which obtained from gaussian 09 as shown in the (Figure 3(a)). Molecular docking
investigation proved that, BTThU and its DMT complex have shown interesting
interaction with active site amino acids of ribosyltransferase [code: 3GEY]. All

forms of BTThU have multiple interactions including both polar and arene type



bond. The —NH- group of triazole ring helped to form acidic binding interaction
with Asp540 and phenyl ring formed arene-arene interaction with Tyr582 or
Tyr569. In case of DMT complex the three nitrogen groups as observed in
(Figure 11), gave polar interaction with Asp 540.

Conclusions

The present work investigates the synthesis of a thiourea derivative having a
triazole and benzoyl groups [BTThU] and its dimethyltin(IVV) complex. The
calculation of the charge distribution within the ligand and its dimethyltin(IV)
complex Mullikan population analysis [MPA] and natural population analysis
[NPA] suggests that upon coordination of 1-benzoyl(1,2,4-triazol-3-yl)thiourea
[BTThU] molecule to dimethyltin(IV) moiety, the electron density is
concentrated around coordinating oxygen and sulfur atoms and the ligand is
coordinated to DMT(IV) by S and O donor sites as mono-negatively charged
anion through the mononegatively charged sulfur (S°) atom with the formation of
1:2 (M : L) complex. The speciation diagrams confirm that 110 and 120 species
formed at the physiological pH are the active type of species with large stability
constant values due to the interaction of BTThU with dimethyltin(IV) [DMT],
dibutyltin(IV) [DBT] and diphenyltin(1V) [DPT]. From the biological point of
view, it is interesting to note that the 110 species is predominating and the
interaction with receptors in biological systems is feasible. The results showed
that the free ligand and its DMT(BTThU), complex is active against Gram
positive bacteria (Staphylococcus aureus and Bacillus subtilis) and Gram negative
bacteria (Escherichia coli and Pseudomonas aeruginosa). The DMT complex
inactive against fungi (Candida albicans and Aspergillus flavus) but the free
ligand showed activity against them. The binding model of BTThU and
DMT(BTThU), from docking stimulation demonstrated that the substitution
accommodated the hydrogen bond formation in the active sites of receptors. The
arene motif plays an important role by the interaction with amino acid residues
in active binding sites. Thus, the present findings provide new opportunity for
the development of novel antimicrobials to overcome the ever increasing
problem of drug resistance. Cu(ll) complex show suprior liver antitumor effect
more than the Pd(Il) and DMT(1V) complexes.
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