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Abstract 

In this study, di and triorganotin compounds derived from Cinnamic acid were prepared by condensation reaction 

to obtain the corresponding complexes (1-4) with high yields. These complexes were also diagnosed with several 

techniques, including infrared spectroscopy, Sn119,and 1H NMR, in addition to elemental analysis of the elements. 

These complexes were applied to find out the anti-oxidative activity of cinnamic acid and the prepared complexes 

by using DDPH and CUPRAC techniques. The results of the antioxidant activity in both ways showed that the 

prepared complexes are more effective than the ligand from which they are derived. Also, complex 1 showed 

more antioxidant activity than other complexes. 
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1. Introduction 

The chemistry of free radicals has received a lot of 

attention recently. There is much evidence that free 

radicals in the cell nucleus and molecular membranes 

cause oxidative damage to biomolecules such as 

proteins, lipids, and nucleic acids. Maintaining a 

balanced mix of free radicals and antioxidants is 

essential for long-term health.Then, oxidative stress 

processes can be controlled for the prevention and 

treatment of a wide range of diseases, including 

diabetes, atherosclerosis, coronary artery disease, 

cancer, infections, liver disease, Cardiovascular 

disease, cataracts, nephrotoxicity, and other 

neurodegenerative diseases associated with aging. 

Antiviral activity has been demonstrated in a variety 

of natural antioxidants. Flavonoids, such as (+)-

catechin, luteolin, apigenin, quercetin, and quercetin 

7-rhamnoside, have been shown to be effective in 

MERS infection (PEDV) and infectious 

gastroenteritis virus (TGEV) [1-3].Antioxidants may 

show to be an effective option to treat diseases 

caused by coronaviruses in the absence of suitable 

medicines for SARS and MERS-CoV [4]. Plants, 

such as edible vegetables, fruits, spices, and herbs 

rich in vitamins, phenolic compounds, carotenoids, 

and microelements, are the principal sources of 

natural antioxidants [5-7]. However, it is important to 

note that antioxidant activity varies depending on the 

types and morphological components of natural 

resources. Synthetic antioxidants are chemically 

manufactured substances that are added to food as 

preservatives to assist prevent lipid oxidation because 

they do not exist naturally [8].The oxygen radical 

absorption (ORAC) method [9], determination of 

total phenol content (TPC) [10], DPPH (1,1′-

diphenyl-2-picrylhydrazyl) [11], Antioxidant 

Equivalent Capacity in Trolux [12], Iron Reducing 

Antioxidant Capacity [13], CUPRAC[14], and 

Determination of Total Reducing Power (TRP)[15] 

are all chemical assays used to evaluate the 

antioxidant activity.Organic tin (IV) compounds have 

been discovered to have a wide range of biological 

functions [16-21].Because these compounds have 

better biological activity, those with organic tin(IV) 

carboxyl radical Complexes have garnered 

considerable study. In comparison to other organic tin 

(IV) complexes [22-32], which have different bonds. 

Using the DPPH and CUPRAC methods, we 

investigated the antioxidant activity of various 

organotin(IV) Cinnamate complexes in this work. 

 

2.Experimental Section 

2.1 Preparation of Tri-organotin(IV) Complexes(1-2) 

4mmol of the ligand (Cinnamic acid) with NaOH 

(4mmol) wasdissolved in methanol (40 mL)and 

stirred for 1hr at room temperature. (4mmol) of 

(1.54g or 1.302g) from tri-phenyl tin 

chloride(Ph3SnCl) or tri-butyl tin chloride(Bu3SnCl) 

was added as solid to the first mixture, and the 

mixture was refluxed for 4 hours with continuously 

stirred [33-35]. The white precipitated NaCl was 

filtered off and the solvent was evaporated under a 
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vacuum.  The resultantprecipitate was gathered and 

recrystallized to provide 1 and 2complexes. 

 

2.2 Preparation of di-organotin(IV) Complexes (3-4) 

4mmol of the Cinnamic acid and NaOH (4mmol) 

were dissolved in methanol 30 ml and stirred for 1hr 

at room temperature. (2mmol of 0.44g or 0.61g) of 

dimethyl tindichloride(Me2SnCl2 or dibutyltin 

dichloride(Bu2SnCl2)was added as solid to the first 

mixture, and the mixture was left to reflux for 4 hours 

with continuously stirred [36-38]. The solid 

precipitated NaCl was filtered off and the solvent was 

evaporated under a vacuum. The resultant precipitate 

was gathered and recrystallized to provide 3 and 

4complexes. 

 

2.3 Antioxidant Activity Tests   

a) DPPH technique 

Antioxidant activity was measured using the 

DPPH technique, as described by others [1-3].  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); 

 
𝑰𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 

=  [
𝑪𝒐𝒕𝒓𝒐𝒍 𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 − 𝑺𝒂𝒎𝒑𝒍𝒆 𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆

𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆
]

× 𝟏𝟎𝟎           (𝟏) 

 

b) CUPRAC Method  

Antioxidant activity test by CUPRAC method was 

performed according to the method used by others 

[22].  

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑡𝑖𝑜𝑖𝑑𝑎𝑛𝑡𝑠 𝑙𝑒𝑣𝑎𝑙𝑠 

=  𝐶𝑜𝑛𝑐𝑒. 𝑜𝑓 𝑆𝑇𝐷 (
𝑚𝑚𝑜𝑙𝑒

𝐿
)             (2) 

 

3.Results and Discussion 

3.1 Synthesis of Organotin(IV) Complexes 1–4 

 The tri and di-organotin(IV) complexes 1-4 were 

obtained by refluxing reaction ofmethanolic solutions 

of tri and di- organotin chloride with Cinnamic acid 

as a ligand (L) (Figures1 and 2) under reflux for four 

hours in yield percentage of 79,82,77 and 83 

respectively. 

All the synthesized complexes were well 

illustrated with spectroscopy techniques of FTIR 

[39], NMR (1H, and Sn119) [40-42] in addition to 

elemental analysis. The comes about of each 

investigation are arranged inTables 1-3. 

 

Figure 1. Complex 1 and 2 Preparation 

 
Figure 2. Preparation of complex 3 and 4 

 

 

Table 1. Physical Analysis Data of Complexes 1–4. 

Compound R color Yield % M.p./ °C 

Elemental analysis % 

Calculated (Found) 

C H 

L - white - 174-176 72.96(72.15) 5.44(5.12) 

1 Ph3 white 80 195-193 40.66(41.18) 2.65(2.16) 

2 Bu3 off-white 73 184-186 57.69(56.45) 7.84(8.85) 

3 Me2 white 75 186-188 54.22(52.91) 4.55(5.89) 

4 Bu2 off-white 79 197-199 59.23(58.40) 6.12(5.82) 

 

Table 2.  FTIR Spectral Data of Complexes 1–4. 

Sn 

(IV)Complex 

C-O C=C Sn-C Sn-O 

1 1610 1543 460 525 

2 1621 1545 468 528 

3 1612 1543 472 525 

4 1612 1547 469 525 
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Table 3. NMR Spectral data (1H and 119Sn) of ligand and 1–4 Complexes. 

Sn(IV) 

Complex 
1H-NMR 

119Sn-

NMR 

L 12.50(s, 1H, COOH), 6.84-7.78(1H, HC=C), 6.39-6.55 (m, 5H, Ar). -- 

1 7.95(m, 5H, Ph), 6.96-7.62(1H, HC=C), 6.82-6.89 (m, 5H, Ar). -181 

2 6.95-7.64(1H, HC=C), 6.92-6.97 (m, 5H, Ar), 6.34-6.48(s, 1H, CH-CO2H), 0.14-2.69(Bu). -165 

3 6.99-7.63(1H, HC=C), 6.96-6.95 (m, 5H, Ar), 3.18 (d, CH2), 1.78 (s, Me). -222 

4 7.21-7.66(1H, HC=C), 6.96-6.98(m, 5H, Ar), 0.80-2.09(Bu). -270 

 

Singlet signals may be seen in the 119Sn-NMR 

spectra of samples 1-4, but they are substantially 

weaker than those for the corresponding 

organotin(IV) salts (Table 3). The chemical shift, 

however, depends on the complex's geometry 

[40,41], and these shifts are in line with the theory 

that there is an increase in the amount of tin atoms 

coordinated within the complexes (i.e., tin nuclear 

shielding) [42]. 

 

3.2Antioxidant Activity 

The four manufactured complexes were 

examined in various quantities in the antioxidant 

activity analysis using the two procedures outlined. 

After obtaining the absorbance in each 

measurement, the percent inhibition can be 

computed; the results are also, displayed in Figures3 

and 4. 

 

 
Figure 3. DPPH scavenging activity of Cinnamic 

acid and its complexes at 250 µg/mL DMSO 

solutions at T = 60 min 

 

 
Figure 4. CUPRAC Method activity of Cinnamic 

acid and its complexes at T = 60 min 

 

The results showed a high antioxidant activity 

of the complexes prepared from Cinnamic acid and 

organic tin salts compared to ligand alone, and this 

is due to the presence of the tin element, which 

caused an increase in the antioxidant activity [43-

46]. Also, complex 1 (triphenyl tincarboxylate) 

showed higher activity than the rest of the prepared 

complexes, and this may be due to the presence of 

three phenolic groups and an increase in the 

aromatic content of the complex compared to the 

rest of the complexes. 

 

4. Conclusion 

The reaction of Cinnamic acid as a ligand with 

tri and di-organotin salts yielded four organotin (IV) 

complexes. The antioxidant activity of the 

Cinnamic acid and its organotin(IV)complexes was 

determined using the DPPH and CUPRAC 

techniques. The antioxidant activity of the 

organotin(IV) complexes was found to be higher 

than that of the ligand using two approaches.  
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