
INTRODUCTION

The study of organotin(IV) complexes in term of chemistry

has been well established and the study of its biological proper-

ties against bacterial, fungal and cancer cells line also have

been expanded tremendously1-5. Based on literature review over

the past 20 years, the structures of many different types of tri-

and diorganotin(IV) carboxylate complexes have been reported

and tested for their in vitro activities against a large array of

tumor cell lines1,6,7. In fact and up to date, organotin(IV) carbo-

xylate complexes are extensively studied due to its coordination

geometries as well as structural diversity (monomer, dimeric,

hexameric and oligomeric), which are attributed from the

coordinating ligands8-11.

As part of our interest and research on organotin(IV) work,

we have synthesized and characterized organotin(IV) carboxy-

late complexes derivatives of 3-methyl-4-nitrobenzoic acid,

3-CH3-4-NO2-C6H3COOH and 4-methyl-3-nitrobenzoic acid,

4-CH3-3-NO2-C6H3COOH. In addition, the preliminary cytotoxic

assay of the complexes were screened against human liver
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In this study, two dibutyltin(IV) complexes which are obtained as organodistannoxane dimer with the general formulae of {[X-CH3-Y-

NO2-C6H3COO(C4H9)2Sn]2O}2 (X= meta, Y= para 1; X= para, Y= meta 3) and another two triphenyltin(IV) complexes (monomer) with

the general formulae of X-CH3-Y-NO2-C6H3COO(C6H5)3Sn.CH3OH (X= meta, Y= para 2; X= para, Y= meta 4) have been successfully

synthesized. The infrared and NMR spectroscopy on the parent acids and their dibutyltin(IV) and triphenyltin(IV) complexes showed that

the coordination took place via oxygen atoms from the carboxylate anions. Based on the spectroscopy studies indicated that one methanol

molecule also take part in the coordination to tin(IV) atoms moiety in complexes 2 and 4 resulting the tin(IV) atoms moiety are five-

coordinated in solid state and four-coordinated in solution state. From the preliminary in vitro cytotoxic assay, complexes 2 and 4

[triphenyltin(IV)] showed better activity compared to complexes 1 and 3 [diorganotin(IV)].
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hepatocellular carcinoma cells, HepG2 and the results are

reported herein.

EXPERIMENTAL

All the reagents and solvents were purchased commer-

cially and used without any further purification. Infrared spectra

were recorded using a Perkin-Elmer FTIR GX Spectrophoto-

meter as KBr disc in the frequency range of 4000-400 cm-1.

The spectra for 1H and 119Sn NMR were recorded on a Bruker

AC-P 400 MHz FTNMR spectrometer and 13C NMR was

recorded on a Bruker AC-P 300 MHz FTNMR spectrometer

using deuterated CDCl3 and d6-DMSO as the solvent and

tetramethylsilane, TMS as the internal standard. Elemental C,

H and N analyses were carried out on a Fison EA 1108 CHNS-O

analyzer. Tin was determined gravimetrically by igniting a

known quantity of each complex to SnO2. The melting points

were determined in an open capillary and were uncorrected.

Preliminary in vitro cytotoxic assay: The in vitro cyto-

toxic assay was carried out against human liver hepatocellular

carcinoma cells line, HepG2. The cells were maintained in



Eagle's minimum essential medium (MEM) supplemented with

2 mM of L-glutamine, 1 mM of sodium pyruvate, 0.1 mM of

non-essential amino acid, 1.5 µg/mL sodium bicarbonate, 100

IU/mL penicillin and 100 µg/mL streptomycin. The cytotoxicity

assay was determined using the microtitration 3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay12,13.

The assay of each concentration for each compound was

performed in triplicate. The fraction of surviving cells was

measured relative to the untreated cell population by measuring

the absorbance values at 570 nm with a reference at 630 nm

using an ELISA microplate reader (Bio Tek EL 340, USA)13.

Cytotoxicity was expressed as fifty percent cytotoxic dose

(IC50), i.e. the concentration causing 50 % inhibition of cell

growth with reference to the control (untreated cells). The IC50

and the SEM (standard error of the mean) was determined using

Probit Analysis (SPSS, version 12.0.1).

Preparation of sodium salts and complexes: The sodium

salts of the parent acids were obtained by heating under reflux

a 1:1 molar mixture of sodium hydroxide and respective acid

in ethanol (50 mL) for 2 h. After a few days, white precipitates

were obtained.

Preparation of {[3-CH3-4-NO2-C6H3COO(C4H9)2

Sn]2O}2 (1): Complex 1 was prepared by heating under reflux a

1:1 molar mixture of dibutyltin(IV) oxide (0.49 g, 2 mmol) and

3-methyl-4-nitrobenzoic acid (0.36 g, 2 mmol) in acetone

(50 mL) as solvent and the mixture was heated under reflux for

2 h. After few days, yellow crystals (0.77 g, 61 % yield) were

collected. m.p.: 216.7-217.1 ºC. Analysis for C64H96N4O18Sn4:

C, 45.55; H, 5.93; N, 3.20; Sn, 16.95 %. Calculated for

C64H96N4O18Sn4: C, 45.64; H, 5.75; N, 3.33; Sn, 17.09 %.

Preparation of 3-CH3-4-NO2-C6H3COO(C6H5)3

Sn.CH3OH (2): Complex 2 was obtained by heating under

reflux a 1:1 molar mixture of triphenyltin(IV) hydroxide (0.73

g, 2 mmol) and 3-methyl-4-nitrobenzoic acid (0.36 g, 2 mmol)

in a mixture of methanol/ethanol (1:1, 60 mL) for 2 h. After

few days, yellow solids (0.77 g, 68.8 % yield) were collected.

m.p.: 95.3-96.1 ºC. Analysis for C27H25N1O5Sn: C, 57.42; H,

3.92; N, 2.45; Sn, 20.33 %. Calcd. for C27H25N1O5Sn: C, 57.68;

H, 4.48; N, 2.49; Sn, 21.11 %.

Preparation of {[4-CH3-3-NO2-C6H3COO(C4H9)2

Sn]2O}2 (3): This complex was prepared by a similar method

to those described for complex 1, except substituting 3-

methyl-4-nitrobenzoic acid with 4-methyl-3-nitrobenzoic acid.

Acetone (50 mL) was used as solvent and the mixture was

heated under reflux for 3 h. A clear yellow transparent solution

was isolated by filtration and kept in a bottle. After few days,

yellow crystals (0.90 g, 71.3 % yield) were collected. m.p.:

209.3-209.9 ºC. Analysis for C64H96N4O18Sn4: C, 45.46; H,

5.52; N, 3.25; Sn, 16.99 %. Calcd. for C64H96N4O18Sn4:

C, 45.64; H, 5.75; N, 3.33; Sn, 17.69 %.

Preparation of 4-CH3-3-NO2-C6H3COO(C6H5)3

Sn.CH3OH (4): Complex 4 was prepared by a similar method

to those described for complex 2, except replacing 3-methyl-

4-nitrobenzoic acid with 4-methyl-3-nitrobenzoic acid and

methanol (50 mL) was utilized in the synthesis. After few days,

yellow solids (0.68 g, 60.7 % yield) were collected. m.p.:

133.7-134.3 ºC. Analysis for C27H25N1O5Sn: C, 57.80; H, 4.01;

N, 2.43; Sn, 20.82 %. Calcd. for C27H25N1O5Sn: C, 57.68;

H, 4.48; N, 2.49; Sn, 21.11 %.

RESULTS AND DISCUSSION

Complexes 1-4 have been obtained in solid state and

gave a sharp melting point indicating the isolation of fairly

pure complexes. In addition, the micro-elemental analysis for

C, H, N and Sn data obtained were in agreement with the

predicted formula for complexes 1-4 further supported the

proposed structure of the respective complexes. An outline of

the proposed reaction and structure of complexes 1-4 are

depicted in Fig. 1 for further clarification.

The characteristic infrared absorption frequencies (cm-1)

and assignments of important absorption bands of the parent

acids, sodium salts and complexes 1-4 are listed in Table-1.

The ν(O-H) bands of the parent acids were absent in the

infrared spectra of sodium salts and complexes 1-4 showed

the deprotonation and coordination of the carboxylate anion.

Complexes 1-4 revealed that the ν(COO)as was shifted to a

lower wavelength number compared to the parent acids which

signify that the coordination took place via the oxygen atoms

of the carboxylate anion. From the infrared spectra of complexes

1 and 3, two ∆ν values were observed and the ∆ν values were

either comparable or lower than the ∆ν of the sodium salts of

the respective parent acids, indicating that the carboxylate

anions were bonded to the tin(IV) atom in a bidentate mode14.

As a result, two tin(IV) atoms were five-coordinated while

another two tin(IV) atoms were six-coordinated in complexes

1 and 3.

For complexes 2 and 4, which were derivatives of

triphenyltin(IV) carboxylate, ∆ν below 200 cm-1 would be

expected for bridging or chelating carboxylates, but greater

than 200 cm-1 for the monodentate bonding carboxylate

anions15. Based on the data in Table-1, the carboxylate anions

in complexes 2 and 4 would be expected to bond to the tin(IV)

TABLE-1 

SELECTED INFRARED DATA OF PARENT ACIDS, SODIUM SALTS AND COMPLEXES 1-4 

Wavelength (cm –1) 
Compounds 

ν(OH) ν(COO)as ν(COO)s ∆ν ν(Sn-O) ν(Sn-O-Sn)/ν(O-Sn-O) 

3-CH3-4-NO2-C6H3COOH 2827 - 2552 1682 1311 371 - - 

3-CH3-4-NO2-C6H3COONa - 1635 1356 279 - - 

1 - 1635, 1523 1306, 1339 329, 183 469 635 

2 - 1619 1340 279 449 - 

4-CH3-3-NO2-C6H3COOH 2832 - 2546 1699 1319 380 - - 

4-CH3-3-NO2-C6H3COONa - 1650 1354 296 - - 

3 - 1620, 1530 1341, 1407 179, 123 480 636 

4 - 1641 1336 305 448 - 
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atom in monodentate manner since the ∆ν above 200 cm-1.

Moreover, based on the micro-elemental analysis and proposed

structure of complexes 2 and 4, it was believed that one

methanol molecule has taken part in the coordination to the

tin(IV) atom. As a result, the overall coordination number of

complexes 2 and 4 were five-coordinated and similar to the

structure reported16.

The 1H NMR spectra of complexes 1-4 exhibited simila-

rities to their parent acids and the spectral data of complexes

1-4 are summarized in Table-2. In the upfield regions of the
1H NMR spectra of the complexes 1 and 3 showed that the

signal of the butyl protons in the range of 0.77-1.87 ppm

respectively. For complexes 2 and 4, the resonances appeared

as two well separated sets of multiplets in the regions centering

around δ ≈ 7.51 and 7.85 ppm (downfield) with the integration

values of 9:6 respectively ascribed to the aromatic protons of

the phenyl group17. Based on the 1H NMR spectral studies of

complexes 2 and 4, the proton resonances originating from

the methanol molecule occured around δ ≈ 3.48 ppm and based

on the integration, only one methanol molecule was present

in complexes 2 and 4. The methanol molecule (polar solvent)

was believed to coordinate to the tin(IV) atom during the

formation of the complexes.

Evidence of the formation of the complexes is displayed

in the 13C NMR spectra and the data of parent acids and

complexes 1-4 are summarized in Table-3. The 13C NMR

spectra of complexes 1-4 showed the δ(COO) signal shifted

to the downfield region, which is lower compared to that of

the parent acids indicating the carboxylate anion is bonded to

tin(IV) atom. Complexes 1 and 3 exhibited two sets of signals
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Fig. 1. Proposed reactions and structure of complexes 1-4
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corresponding to the butyl groups linked to the exo- and endo-

cyclic tin(IV) atom respectively in the upfield region in the

range of 13.87-30.70 ppm18. Complexes 2 and 4 revealed the

chemical shifts of the δ(13C)ipso at 138.31 and 138.22 ppm

respectively indicative of a four-coordinated tin(IV) atom and

exhibited distorted tetrahedral geometry19-21.

The δ(119Sn) value of the five-coordinated diorganotin(IV)

complexes fall in the range between -90 to -190 ppm and the

six-coordinated complexes between -210 to -400 ppm22. Based

on the 119Sn NMR spectra, all the tin(IV) atoms in complexes

1 and 3 were five-coordinated and each exhibited a distorted

trigonal bipyramidal geometry. However, based on the infrared

spectral studies, the tin(IV) atoms of complexes 1 and 3 are

either a five- or six-coordinated but the 119Sn NMR spectral

studies concluded that all the tin(IV) atoms in complexes 1

and 3 were five-coordinated. This is due to the disassociation

of the bidentate bonds upon dilution during the preparation of

the NMR sample in solution form.

Complexes 2 and 4 showed that the δ(119Sn) values at

-103.30 and -100.11 ppm which lie in the range of -40 to -120

ppm [for triphenyltin(IV) complexes], hence, indicating that

the tin(IV) atoms in complexes 2 and 4 are four-coordinated

and possessed a distorted tetrahedral geometry19,20. It is believed

that methanol molecule was disassociated upon dilution during

the NMR solution preparation resultant the tin(IV) atom in

complexes 2 and 4 remained four-coordinated. This pheno-

menon may due to the coordinating bond of the carboxylate

anions are stronger than methanol (dative bond).

Preliminary in vitro cytotoxic assay: The preliminary

in vitro cytotoxic assay of parent acids and complexes 1-4 are

given in Table-4. Based on the data given in Table-4, it was

found that both the parent acids are inactive against HepG2

cell lines. In addition, complexes 2 (0.111 mg/mL) and 4 (0.061

mg/mL) are more active compared to complexes 1 (0.162 mg/

mL) and 3 (0.522 mg/mL). This is due to complexes 1 and 3

were obtained as organodistannoxane dimer type (bulky

molecules) hence the aid of ligands on organotin(IV) to the

receptor (active) sites of the cells was inhibited. In general,

complexes 2 and 4 were derivatives of triorganotin(IV), which

is more active compared to the diorganotin(IV)23-25. In addition,

in solution form, complexes 2 and 4 were four-coordinated

and exhibited distorted tetrahedral geometry (sp3) causing them

to be more active18. However, their activities were lower com-

pared to the vincristine sulphate (reference drug).

Conclusion: Complexes 1- 4 have been successfully

synthesized. The structural as well as the coordination number

of tin(IV) moieties of complexes 1-4 have been successfully

characterized quantitatively and qualitatively. Based on

the preliminary in vitro cytotoxic assay on human liver

hepatocellular carcinoma cells (HepG2), complexes 2 and 4

[triphenyltin(IV)] showed better activity compared to comp-

lexes 1 and 3 [diorganotin(IV)] but lower activity compared

to the reference drug.
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3 0.522 ± 0.018 

4 0.061 ± 0.008 

Vincristine sulphate (reference) 0.042 ± 0.031 

IC50 (µg/mL) = concentration that yields 50% inhibition of the cell compared with untreated control; The cytotoxicity values are expressed as mean 
± S.E.M. from the triplicate 
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