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 Organotin carboxylates have gotten a lot of attention in recent years because 
of their structural intrigue and several uses. The production and 
characterization of organotin carboxylates, as well as their action against 
cancers, fungi, bacteria, and other microbes have been described by a number 
of researchers. Some di- and triorganotin carboxylates have been found to 
have the potential as anticancer drugs. The amount and kind of organic 
groups bound to the tin core and carboxylate ligand appear to have a 
significant impact on their anticancer efficacy. Two new organotin complexes 
of di and triorganotin carboxylate were successfully synthesized by refluxing 
reaction of 2-[(2,3-dimethylphenyl) amino] benzoic acid (ligand) with tri 
phenyl tin chloride and dimethyl tin dichloride salts to give the corresponding 
substituted tin complexes with high yields. The chemical structures of the 
complexes were confirmed by different techniques included elemental 
analysis, proton, carbon and Sn119-NMR, and FT-IR-spectra. The activity of 
each complex has been examined against the target cell line A-172 compared 
with the ligand alone. It was found that the complex 1 and 2 have higher 
cellular cytotoxicity than ligand. 
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Introduction 

Cisplatin has been widely used in cancer 

treatment, and it was the first inorganic 

compound used since 1978. Cisplatin had a great 

effect in the treatment of cancer of the bladder, 

ovary, esophagus, breast, stomach, and others [1-

3]. After that, unfortunately, it was found that the 

cisplatin use is not safe because of the 

appearance of side effects and several defects 

such as neurotoxicity, nephrotoxicity, and 

ototoxicity for patients who received treatment 

[4, 5]. Subsequently, platinum derivatives such as 

carboplatin and oxaliplatin were used. Until the 

present time, platinum and its derivatives are as 

an antitumor treatment. Despite the emergence 

of metal compounds derived from the elements 

tin, gold, palladium, and copper where these 

compounds showed cytotoxic properties [6-8]. 

Tin derivatives have shown significant efficacy 

when used as a drug for cancer treatment, 

especially organotin compounds, as the use of 

their low doses has better or similar potential to 

the approved and used drugs [9, 10]. 

The effectiveness of using organic tin compounds 

depends on the type of bond, the type, and 

number of organic groups associated with the 

central atom of tin [11,12]. The genetic changes 

and the accumulation of mutations led to the 

formation of a malignant tumor, and this led to 

attracting many to search for antitumor drugs 

that are metallic and non-platinum based, such as 

binary and triple derivatives of organic tin, which 

showed the strong effects against the 

proliferation of cancer cells [13-19]. 

Dicarboxylate and organotin tricarboxylates 

showed anticancer activity in solid and solution 

phase [20, 21]. Studies have demonstrated that 

tertiary organotin compounds are more 

biologically active than their mono- and binary 

counterparts due to their ability to bind with 

proteins depending on the number of 

coordination and the nature of the groups 

attached to the tin atom [22-24]. In general, the 

coordination structure of organotin compounds 

is of great importance for the antitumor activity 

[25-30]. The subsequent studies reported that 

the compounds of di-organotin carboxylate have 

more antitumor activity in vivo than cis platinum 

[31, 32]. Likewise, alkyl or aryl tin derivatives are 

more active when R is phenyl also, the di-butyltin 

derivatives are more active than their tri-butyltin 

counterparts [33]. 

In this study, by refluxing the reaction of 2-[(2,3-

dimethylphenyl) amino] benzoic acid (ligand) 

with tri phenyl tin chloride and dimethyl tin 

dichloride salts, it was possible to successfully 

synthesize two new organotin complexes of di- 

and triorganotin carboxylate, which led to the 

high yields of the corresponding substituted tin 

complexes. 

Materials and Methods 

Synthesis of triphenyltin Tin carboxylate complex 1 

A reaction of a 1:1 mixture (M: L) was obtained 

by dissolving of (0.48 g, 2 mmol) 2-[(2,3-

dimethylphenyl) amino] benzoic acid in 20 ml 

methanol, and then the equivalent moles of NaOH 

(0.08, 2 mmol) was added with stirring for 30 

min. A (0.84 g, 2 mmol) triphenyltin chloride in 

boiling (20 mL MeOH) was added to the first 

solution and it was allowed to reflex for 8 hours, 

left to evaporate, washed with diethyl ether, and 

collected to provide complex 1 with 75% yield 

(Scheme 1) [34-37]. 

 

Scheme 1: Synthesis of triphenyltin tin carboxylate 
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Synthesis of dimethyl Tin complex 2 

Synthesis of dimethyl tin complex 2 is carried out 

according to Kovala and Demertzi et al. [38]. 

(0.96 g, 6 mmol) of 2-[(2,3-dimethylphenyl) 

amino] benzoic acid in methanol (30 mL) and (6 

mmol) NaOH were stirred for 30 minutes at room 

temperature. A solution of dimethyl tin dichloride 

(3 mmol, 0.66 g) with 20 ml of boiling methanol 

was added to the first mixture. The mixture was 

allowed to reflux for 8 hours while being 

constantly stirred. The white precipitated was 

evaporated under vacuum. The product was 

washed with diethyl ether and collected to 

provide complex 2 with 70% yield (Scheme 2) 

[39].

 

Scheme 2: Synthesis of dimethyl tin

Results and Discussion 

The physical properties of 2-[(2,3-

dimethylphenyl) amino] benzoic acid and the 

prepared complexes were listed in Table 1. 

FT-IR spectroscopy of complexes 1 and 2 

The FT-IR spectroscopy is able to grasp the 

vibrations of carbonyl groups in the range where 

stretching vibration modes appear 3500–1400 

cm−1. In complexes 1 and 2, a new peak was 

appeared in 520-535 cm-1 and 440-450 cm-1 

region related to tin-carbon and tin-oxygen 

groups. Carbonyl group vibrations were 

appeared clearly at (1685-1697 cm-1). Likewise, 

the broad peak of hydroxyl of carboxyl group was 

disappeared due to the complexation. Figure 1 

and Table 2 indicate the important FT-IR 

spectrum numbers of complexes 1 and 2. 

NMR spectroscopy of complexes 1 and 2 

The 1H-NMR spectra showed a singlet signal at 

the 9.45–9.77 ppm region that was related to the 

NH proton (Figure 2 and Table 3). The aromatic 

protons were appeared with multiple signals at 

7.90–6.67 ppm region. The protons of methyl-tin 

atom of complex 2 were appeared as a singlet in 

0.78 ppm of a high field due to the shielding 

effect. Also, multiple signals are visible in the 13C-

NMR spectra of 1 and 2 inside the aromatic area 

(Figure 3 and Table 4). 

 

 

Table 1: The elemental analysis and physical properties of 2- [(2,3-dimethylphenyl) amino] benzoic acid and 

complexes 1-2 

Sn (IV) Complex R Color Yield (%) Melting point 
Calcd. (Found) (%) 

C H N 

L - White - 230-231 74.67(73.83) 6.27(6.07) 5.81(6.21) 

1 Ph White 75 123-125 67.14(66.85) 4.95(5.32) 2.37(3.11) 

2 Me White 70 213-215 61.07(62.14) 5.45(6.35) 4.45(5.02) 
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Figure 1: FT-IR-spectra of complexes 

Table 2: FT-IR spectral data of ligand (L) and complexes 1 and 2 

Sn (IV) Complex 
FTIR (υ, cm-1) 

N-H C=O C=C Sn-C Sn-O 

1 3313 1651 1452 522 449 

2 3309 1660 1450 520 445 

Ligand (L) 3310 1673 1486 526 451 

 
Figure 2: 1H-NMR spectrum of 2-[(2,3-dimethylphenyl) amino] benzoic acid 

 

Table 3: 1H-NMR spectral data of 2-[(2,3-dimethylphenyl) amino] benzoic acid and complexes 1-2 1-4 

Sn (IV) Complex 1H-NMR 

L 13.005 (s, 1H, OH), 9.48 (s, H, NH), 6.65-7.89 (m, 6H, Ar), 2.501 (s, 3H, CH3), 

and 2.08 (s, 3H, CH3). 

1 2.09 (s, 3H, Me), 2.50 (s, 3H, Me), 7.13–6.67 (m, 4H, Ar), 7.33–7.29 (m, 9H, Ar), 

7.44–7.41 (m, 6H, Ar), 7.90–7.84 (m, 3H, Ar), and 9.46 (s, 1H, NH). 

2 0.78 (s, 6H, 2Me), 2.08 (s, 6H, 2Me), 2.50 (s, 6H, 2Me), 7.32–6.98 (m, 8H, Ar), 

7.89–7.84 (m, 6H, Ar), and 9.45 (s, 2H, 2NH). 
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Figure 3: 13C-NMR spectral data of 1 and 2 inside the aromatic area 

 

Table 4: 13C-NMR spectral data of complexes 1-2 

Sn (IV) Complex 13C-NMR 

L 
172.7 (C=O), 149.2 (C-NH), 138.3 (C-NH), 134.3 (C-CH3), 132.5, 126.8, 126.4, 122.6, 

116.6, 113.5, 20.6, and 14.0. 

1 
170.2 (C=O), 149.6 (C-NH), 136.2 (C-NH), 136.2 (C-CH3), 129.5, 129.4, 129.1, 128.9, 

128.8, 128.8, 128.7, 128.5, 111.7, 14.1, and 20.5 CH3. 

2 
171.2 (C=O), 149.6 (C-NH), 138.3 (C-NH), 138.3 (C-CH3), 134.6, 132.2, 131.7, 126.8, 

126.4, 122.6, 116.7, 113.5, 111.7, 14.1, and 20.6. 

 

Cytotoxic activity 

To demonstrate the binding efficiencies of each 

complex, the activity of each one was examined 

against the target cell line A-172, as compared 

with the ligand alone. It was found that the 

complexes 1 and 2 have a higher cellular 

cytotoxicity than unconjugated ligand as follow 

(Figure 4). 

 

Figure 4: Effects of conjugated and unconjugated ligand A-172 cells viability
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The data obtained that the prepared complexes 1 

and 2 caused more inhibition on growth of target 

cells A-172 (45.7 %), (49.2 %) than ligand (30.6 

%) (Figure 5). In addition, (IC50) was calculated 

for complexes and unconjugated ligand to be 

8.1µM for ligand alone and 3.1µM and 2.8 µM for 

complexes 1 and 2, respectively. Thus, it 

indicated the important role for each compound 

to improve the activity of ligand as anticancer 

agent. Complex 2 shows a high activity than 

complex 1, this may be related to the existence of 

methyl groups besides a high symmetry in 

complex 2 and the high contents of tin as 

compared with complex 1 containing tri phenyl 

group. 

Conclusion 

Cisplatin or cis-amino dichloroplatinium (II) 

(CDDP) is a platinum-based chemotherapy drug. 

Cisplatin is used to treat different cancers, 

including sarcomas, some carcinomas (such as 

small cell lung cancer and ovarian cancer), 

lymphomas, and germ cells. Cisplatin is an anti-

neoplastic (anti-cancer) drug from the class of 

alkylating agents and is used to treat various 

types of cancers. The reason for naming 

alkylating agents is because of their ability to add 

alkyl groups to many electronegative groups in 

cells. They stop tumour growth by directly 

attacking the DNA and creating a cross-link 

between the guanine bases in the double-

stranded DNA strand. This prevents the chains 

from being able to separate from each other, 

which is essential in the transcription process, so 

the cells cannot be divided and multiplied. In this 

study, we found that the anticancer activity 

depends on the geometrical structure of the 

prepared complexes and type of substituted 

organotin groups. The two prepared complexes 

show a higher antitumor activity than the ligand 

derived from. 
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