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ABSTRACT. 4-Sulfosalicylic acid (SSA) was used as a ligand to prepare new triphenyltin and dimethyl-tin 
complexes by condensation with the corresponding organotin chloride salts. The complexes were identified by 
different techniques, such as infrared spectra (tin and proton), magnetic resonance, and elemental analyses. The 
119Sn-NMR was studied to determine the prepared complexes' geometrical shape. Two methods examined the 
antioxidant activity of (SSA) and prepared complexes; Free radical scavenging activity (DPPH) and CUPRRAC 
methods. Tri and di-tin complexes gave high percentage inhibition than ligands with both methods due to tin moiety; 
the triphenyltin carboxylate complex was the best compared with the others. Also, antibacterial activity was assessed 
by using the agar ditch method against (Escherichia coli) and (Staphylococcus aureus) bacteria. The complexes 
gave high activity in inhibition than the ligand derived. Also Triphenyltin carboxylate complex showed higher 
antibacterial activity than the dimethyltin complex against two types of bacteria (Escherichia coli) and 
(Staphylococcus aureus). 
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INTRODUCTION 
 
Organotin(IV) complexes' synthetic chemistry became more active. The subject of study is 
motivated by widespread industrial and antimicrobial applications. These compounds have been 
used as biocides, catalysts, and potent polymer heat stabilizers. Many processes, including 
polyurethane structure, esterification, antifouling coatings, silicone curing, inter-esterification of 
vegetable oil to biodiesel, and PVC stabilizers, can benefit from the employment of organotin 
carboxylates as catalysts [1-10]. They can also be used for several types of synthesis. Antibacterial 
and antifungal medical chemicals are advantageous medications. 

Medications can harm malignancies by binding to DNA phosphor di esterase [11-14]. Its 
organotin(IV) moieties and related ligands may be typically linked to its antibacterial activity. 
Triorganotin compounds are known to have higher activity than binary or mono tin-organic 
analogs because of their ability to bind to proteins [14-18]. They have, furthermore, offered 
excellent anti-tumor and anti-cancer responses. 

Among other things, the major characteristic is a mineral component, which boosts the 
biological activity of organotin(IV) complexes and makes them more effective antioxidants than 
a pure organic binder. Antioxidants can slow or stop organisms from oxidizing when exposed to 
oxygen from the environment or atmosphere. They stabilize food, cosmetics, petrochemicals, and 
polymer compounds. Antioxidants are a component of the body's defensive system against 
medicines [19-21]. 
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This study seeks to investigate the antioxidant and antimicrobial activity of the Sn(IV) 
complex and determine whether there is an improvement or decline in antioxidant activity when 
compared to both the 4-Sulfosalicylic acid and the organotin(IV) complexes formed from it. 
 

EXPERIMENTAL 
 
Synthesis of Ph3SnCl complex 
 
The molar ratio (metal:ligand) to synthesize the complex was 1:1, since an appropriate amount of 
Ph3SnCl (1.9273 g, 5 mmol) was dissolved in 20 mL of hot methanol then added to the stirred 
solution of (SSA) (1.7369 g, 5.0 mmol) that dissolved in 30 mL of methanol with 5 mmol of 
NaOH, the mixture was stirred at room temperature for 10 min then refluxed for 4 hours. The 
resulting solution was filtered, washed, dried, and recrystallized to form precipitation [22]. 
 
Synthesis of Me2SnCl2 complex 
 
The molar ratio (metal:ligand) to synthesize the complexes is 1:2 since Me2SnCl2 (0.8787 g, 4.0 
mmol) was dissolved in 20 mL of methanol and then added to the stirred solution of (SSA) (2.7791 
g, 8 mmol, in 30 mL methanol) with 8 mmol NaOH. This mixture was refluxed for 4 hours. The 
resulting solution was filtered, dried, and recrystallized to form precipitation [23]. 
 
Antioxidant activity tests   
 
a) DPPH technique. Antioxidant activity was measured using the 1,1-diphenyl-2-picrylhydrazine 
(DPPH) technique, as described by others [24, 25].  The compounds were dissolved in methanol 
at different concentrations of 2; 4; 8; 16, and 32 M, respectively. DPPH (0.1 mM in methanol) 
was added to each test solution and carefully mixed. After 30 minutes, the solution was discarded.  
A UV-Vis spectrophotometer was used to test the mixture's absorbance at a wavelength of 517 
nm. The proportion of inhibition against DPPH was used to calculate antioxidant activity. The 
percentage inhibition was calculated using equation (1); 
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b) CUPRAC method. Antioxidant activity test by CUPRAC method was performed according to 
method used by others [26].  
 

����� ����������� ������ =  �
� ����

� ���
� × �����. �� ��� �

�����

�
�                                         (2) 

 
 

RESULTS AND DISCUSSION 
 
Synthesis of organotin(IV) complexes 1 and 2 
 
The new complexes were obtained by refluxing methanolic solutions of tri and di-organotin 
chloride with (SSA), respectively, with a high yield percentage, as shown in Schemes 1 and 2). 
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Scheme 1. Complex 1 preparation. 

 
Scheme 2. Complex 2 preparation. 

 
4-sulfosalicylic acid (SSA) and its complexes were identified using FTIR, proton and 119Sn-

NMR spectroscopy techniques, as well as elemental analyses. Tables 1-3 summarize the findings 
of each study. 
 
Table 1. Physical analysis data of (SSA) and its complexes. 
 

Compound Color      Yield     
% 

MP (°C) Elemental analysis % calculated (found) 
C H S 

(SSA) Yellowish white - 119-121 38.54(39.24) 2.77(2.98) 14.69(14.27) 
Ph3SnL Grey    91.7 225-227 52.94(53.91) 3.55(4.21)  5.65(5.43) 

Me2 SnL2 Off white    94.3 197-199 32.96(33.64) 2.77(3.45) 11.00(11.76) 
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The elemental analysis of compounds gave good agreement between calculated and found 
values, with high yield percentage. 
       The infrared spectrum data for (SSA) characterize a strong band at 1676 cm-1 associated with 
the C=O stretch and a broad band 2400-3350 cm-1 related to the carboxyl group, since these groups 
have been shifted and gone due to complexation. New bands appeared at 513-443cm-1 related to 
Sn-C and Sn-O bonds, respectively. 
 
Table 2. IR spectral data of (SSA) and its complexes. 
 

Compound C-O C=O Sn-C Sn-O 
(SSA) 1608 1676 - - 

Ph-4-sulfosalicylic acid 1598 1678 513 443 
Me-4-sulfosalicylic acid 1612 1672 516 449 

          

1H-NMR Spectra of (SSA) show three different signals at 15.46, 11.5 and 8.5 ppm related to 
OH–groups of (alcohol, carboxylic acid and sulfuric acid) respectively. The benzene ring at 7.26-
7.5 ppm. All these signals were shifted due to complexation as in Table 3. The 119Sn-NMR was 
studied to find out the geometrical shape of the prepared complexes, with a value less than 200 
indicating five coordination complexes and a value greater than 200 indicating six coordination 
complexes with an octahedral shape [27], Accordingly, the complex is of six coordination and 
octahedral shape.  

 
Table 3. 1H-NMR Spectra of (SSA) and complexes. 
 

Compound 1H-NMR 119Sn-NMR 
(SSA) 15.46 (s, 1H, alcohol gr.), 11.5(s, 1H, COOH gr.), 8.5 

(s, 1H, SO3H gr.), 7.26-7.5 (m, 5H, Aromatic H), 
--- 

Ph-4- sulfosalicylic acid 15.34 (s, 1H, alcohol gr.), 8.5 (s, 1H, SO3H gr.), 7.52-
8.33 (m, 5H, Aromatic H), 7.30-7.49 (m, 5H, phenyl 
gr), 

-179 

Me-4- sulfosalicylic acid 15.42 (s, 1H, alcohol gr.), 8.5 (s, 1H, SO3H gr.), 7.57-
8.35 (m, 5H, Aromatic H), 0.71-0.92 (s, 6H, 2Me) 

-224 

 
Biological activity 
   
The two synthesized complexes were examined in varied quantities using the two procedures 
outlined in the antioxidant activity analysis. After obtaining the absorbance in each measurement, 
the percent inhibition was computed; also, the results are displayed in Figures 1 and 2. 

As shown in Figures 1 and 2 In both methods, the oxidation activity of the prepared complexes 
was higher than that of the ligand from which they were derived, as well as the oxidation activity 
of the triple phenyl complex was higher than that of the dimethyl complex, and this is due to the 
presence of the three phenyl groups in addition to the increase in aromatization 

Also, the antibacterial activity of substances was assessed in vitro using the agar ditch method 
against S. aureus and E. coli [28]. The stock solutions were made by dissolving (40 mg) each 
component in 1 mL of ethanol, from which two-fold serial dilutions were obtained. The inhibition 
diameter of the ligand and its complexes with three different concentrations (25%, 50%, and 
100%) for (24 h) has been shown in (25%, 50 h) has been shown in Table 4 and Figure 3 [29]. 
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Figure 1. DPPH scavenging activity of (SSA) and its complexes. 
 

 
 
Figure 2. CUPRAC Method activity of (SSA) and its complexes 
 
Table 4. Zone of inhibition of antibacterial action. 
 

No. Compound E. coli(-) S. aureus(+) 
25% 50% 100% 25% 50% 100% 

1 (SSA) 11 12 15 6 6 8 
2 Ph-4- sulfosalicylic acid 48 56 60 25 31 38 

3 Me-4- sulfosalicylic acid 35 37 40 17 19 24 

 
The ligand shows low antibacterial activity compared to their complexes. The coordination of 

the ligand with the metal improved its activity. Many literature reports indicate that inactive or 
less active become more active with coordination or complexation [30-33]. Chelation and 
coordination, following the overtones concept,  reduce the polarity of the metal ion primarily due 
to the partial sharing of its positive charge with donor groups throughout the entire chelate ring 
system. The central metal atom's lipophilic nature is thus increased through the chelation process, 
which favors its permeation through the lipoid layer of the membrane and makes it easier for the 
metal complex to cross the bacterial membrane, increasing the activity of complexes [34-37]. 
Triphenyltin carboxylate complex gave higher antibacterial activity than dimethyl-tin complex, 
against two types of bacteria (Escherichia coli) and (Staphylococcus aureus), this may be related 
to the presence of three phenyl groups and higher aromaticity. 
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Figure 3. Zone of inhibition of antibacterial action. 

 

CONCLUSION 
 
In conclusion, this work has shown that new organic tin complexes can be prepared with a high 
yield ratio by condensing sulfosalicylic acid with triphenyltin or dimethyl tin salts. These 
complexes were identified using various methods and have the potential to be used as both 
antioxidants and antibacterial agents. What's most impressive is that the prepared complexes 
exhibited significantly higher biological activity compared to the ligands used in the synthesis 
process. 
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