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Abstract: Four new adducts catena-O,O′-glutaratotriphenylstannate, 

[(Me4N)2O2C(CH2)3CO24SnPh3Cl] (1), [(Me4N)2O2C(CH2)3CO23SnPh3Cl] (2), 

[(SnPh3)2O2C(CH2)3CO2SnPh3Cl] (2′) and [(Cy2NH2)2O2C(CH2)3CO2SnPh3Cl] (3), have 

been isolated from the reactions carried out in solution. The compounds have been 

characterized by FT-IR and Mössbauer spectroscopies except for 2’ whose structure is 

proposed on the basis of FT-IR data. Overall, the spectra studies sheew existence of several 

caracteristic bands such as υ (C=O), υ (CO2
–), υ (Sn–O), υ (Sn–Cl), vibrations of glutarate 

ions, and the intense doublet showing the presence of phenyl groups. In the solid state, the 

suggested structures are discrete or of infinite chain. In this work, the geometry at Sn 

centers, trigonal bipyramidal or tetrahedral, is ascertained by the Mössbauer parameters. 

The glutarate ions exhibit a monodentate, tridentate or tetradentate coordination behavior 

towards the Sn atoms.   

 

 

Keywords: dimeric, discrete and polymeric structures, glutarate, spectroscop, tetrahedral or 

trigonal bipyramidal environments. 

 

 

 

1. INTRODUCTION 

 

Organotin (IV) carboxylates, an important class of compounds, have directed incommensurable efforts because 

they have merged antibacterial activity [1], antimicrobial activity [2], antidiabetic properties [3], catalytic 

properties [4] and biological activity [5-7], potential anticancer activity [8-11], fungicidal activity [12], 

antituberculosis activity [13]. Different modes of coordination of carboxylates toward organotin (IV) fragments 

describe a diversity of intriguing topologies [14-21]. Moreover, the interactions between a variety of metallic 

centers and carboxylates have widely been investigated affording countless attracting structural arrangement [22-

28]. However, organotin glutarates are quite rare in the literature [29, 30]. Focusing in this area since a while, the 

Dakar group has undergone wide contributions through several reports [31-38]. As continuation of our 

involvement, we have isolated new organotin(IV) carboxylates and report herein the synthesis and spectral (FT-

IR and Mössbauer) characterization of three based catena-O,O′-glutaratotriphenylstannate. 
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2. EXPERIMENTAL SETUP 

 

2.1. Salt synthesis 

The salt (Me4N)2O2C(CH2)3CO25H2O (L) was obtained by total neutralization of glutaric acid, 

HO2C(CH2)3CO2H (99% purity) by the base Me4NOH (25% in aqueous solution). 

 

2.2. Compounds synthesis 

The studied compounds 1, 2, 2′ and 3 were obtained as white powders. 

 

Synthesis of 1: This compound is obtained by mixing L (0.81 mmol) dissolved in ethanol with SnPh3Cl (95% 

purity) (1.62 mmol) also dissolved in ethanol in a 1:2 ratio, m.p. (melting point) = 228 °C. 

 

Synthesis of 2: This compound is obtained by mixing ethanolic solutions of L (0.67 mmol) and SnPh3Cl (95 % 

purity) (2.68 mmol) in a 1:4 ratio. The cloudy obtained solution was filtrated, and the precipitate characterized as 

2. m.p. >260°C. A secondary product characterized as 2′ has also been collected from slow evaporation of the 

filtrate, m.p. = 130 °C. The equation of the reaction is as follow: 

 

2[(Me4N)2O2C(CH2)3CO25H2O] + 6SnPh3Cl → [(Me4N)2O2C(CH2)3CO23SnPh3Cl] +   

 [(SnPh3)2O2C(CH2)3CO2SnPh3Cl] + 2Me4NCl + 10H2O   (1) 

 

Synthesis of 3: This compound is obtained by mixing ethanolic solutions of Cy2NH (99 % purity) (2.48 mmol), 

HO2C(CH2)3CO2H (99% purity) (2.48 mmol) and SnPh3Cl (95 % purity) (2.48 mmol) in a 1:1:1 ratio. m.p. = 

192 °C. All the mixtures were stirred around two hours before being filtered. 

 

The analytical data reported below (Table 1) have allowed to suggest the formulae. 

 

Table 1. Analytical data of compounds L and 1-3. 
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 Suggested formulae 

Chemical composition [% mass] 

C H N Sn 

Calc. Found Calc. Found Calc. Found Calc. Found 

L [(Me4N)2O2C(CH2)3CO25H2O] 42.39 42.19 10.87 11.02 7.60 7.46 – – 

1 [(Me4N)2O2C(CH2)3CO24SnPh3Cl] 56.09 56.18 4.98 5.01 1.54 1.68 26.09 26.15 

2 [(Me4N)2O2C(CH2)3CO23SnPh3Cl] 56,09 56.10 5,27 5.15 1.95 1.85 24.82 24.76 

2′ [(SnPh3)2O2C(CH2)3CO2SnPh3Cl] 58,29 58.18 4.23 4.31 – – 29.30 29.16 

3 [(Cy2NH2)2O2C(CH2)3CO2SnPh3Cl] 64.13 64.20 7.90 7.64 3.18 3.23 13.49 13.51 

 

Elemental analyses have been obtained at the Institute of Condensed Matter Chemistry of Bordeaux (ICMCB) 

Bordeaux University, France with an elemental analyzer (FlashEA 1112, Thermo Fisher Scientific). The ICP-

OES (Inductively Coupled Plasma Optical Emission spectroscopy) was performed at the ICMCB with a Varian 

720. Infrared spectra have been recorded at the Paul Pascal Research Center (CRPP)-Bordeaux, France using a 

Nicolet 6700 FT-IR spectrophotometer. Mössbauer spectra were recorded at the ICMCB on a liquid helium 

cryostat with a HALDER spectrometer. The chemicals were purchased from Aldrich Company, Germany, and 

used without any further purification.  
 

 

3. RESULTS AND DISCUSSION 

 

3.1. FT-IR spectroscopy 

The binding modes of glutarate in compounds 1, 2 and 3 were investigated by FT-IR spectroscopy in Attenuated 

Total Reflectance (ATR) mode. In the IR spectra, the absence of the broad band in the region 3400–2800 cm–1, 

which appears in the free glutaric acid due to COOH group, indicates deprotonation and thus, the formation of 

Sn–O bonds through this site. In several investigations, the difference between the asymmetric and symmetric 

vibration bands, i.e. Δν(C(O)O) [=ν(C(O)O)asym–ν(C(O)O)sym] value was used to judge the bonding mode of 

carboxylate groups to metal centers [18–21, 33, 34]. Indeed, the Δν(C(O)O) value smaller than 200 cm–1 is an 

indicative for a bidentate or chelation mode, while the value larger than 200 cm–1 evidences a carboxylate moiety 

in an unidentate fashion.  
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For compound 1, the glutarate asymmetric and symmetric stretching vibration bands appear at 1538 cm−1 and 

1427 cm−1, respectively. These bands, in comparison to the free acid, shifted to lower frequencies as a result of 

the coordination of glutarate ligands to Sn(IV) atoms forming Sn–O bonds. In the IR spectrum, the ν(Sn–O) 

vibration band which appears at 459 cm–1 ascertained the binding of glutarate ligand to tin center. The presence 

of chlorine atoms is evidenced by the ν(Sn–Cl) vibration band observed at 272 cm–1. The Δν(C(O)O) value of 

111 cm−1 is smaller than 200 cm−1, indicating a bidentate coordination mode of each carboxylate group [18–21, 

33, 34]. The vibration bands characteristic of phenyl ligands, i.e. C−H and C=C elongations are observed at 731 

and 697 cm−1, respectively. 

 

For compound 2, the IR spectrum shows two variations between the glutarate asymmetric stretching vibration 

bands which appear at 1573 cm−1 and 1531 cm−1, and symmetric stretching vibration bands appearing at       

1428 cm−1 and 1326 cm−1. The Δν(C(O)O) value of 145 cm−1 smaller than 200 cm−1, indicates a bidentate 

coordination mode while the Δν(C(O)O) value of 205 cm−1 higher than 200 cm−1, describes a monodentate 

coordination behavior [18–21, 33, 34]. The shift observed for asymmetric and symmetric stretching vibration 

bands of the ligand are in accordance with the formation of Sn−O bonds, thus deprotonation and coordination. 

The presence of carbonyl C=O vibration band is observed at 1726 cm−1 allows to conclude that the glutarate 

ligand adopts a tri-O-coordination mode. The vibration bands characteristic of C−H and C=C phenyl ligands 

elongations are observed at 722 and 696 cm−1, respectively. 

 

For compound 2′, the IR spectrum exhibit a unique variation between the glutarate asymmetric stretching 

vibration bands observed at 1527 cm−1 and symmetric stretching vibration bands appearing at 1427 cm−1. The 

Δν(C(O)O) value of 100 cm−1 smaller than 200 cm−1, well corroborate polydentate coordination fashion of the 

glutarate ligand [18–21, 33, 34]. Moreover, the shift noticed for asymmetric and symmetric stretching vibration 

bands of the ligand are in accordance with the formation of Sn−O bonds, thus deprotonation and coordination 

too. However, the presence of carbonyl C=O vibration band is observed at 1724 cm−1 allows to conclude to a 

glutarate ligand adopting a tri-O-coordination mode or tetradentate with a notable dissymmetry in the 

coordination. The vibration bands characteristic of C−H and C=C phenyl ligands elongations are present at 725 

and 693 cm−1, respectively. 

 

For compound 3, the glutarate asymmetric and symmetric stretching vibration bands are observed at 1577 cm−1 

and 1370 cm−1, respectively. In comparison to the free acid, the glutarate asymmetric and symmetric stretching 

vibration bands are also shifted to lower frequencies resulting from the coordination of glutarate ligands to 

Sn(IV) atoms forming Sn–O bonds. The Δν(C(O)O) value of 207 cm−1 higher than 200 cm−1, is an indicative of 

the presence of glutarate anion in a monodentate coordination behavior [18–21, 33, 34]. The C−H and C=C 

elongation vibration bands characteristic of phenyl ligands, are observed at 729 and 694 cm−1, respectively. 

 

3.2. Mössbauer spectroscopy and molecular structures 

Compounds 1-3 were also investigated by 119Sn Mössbauer spectroscopy (Table 2).  

 

Table 2. Results of the Mössbauer analyses of compounds 1-3. 

Compound Phases IS (mm/s) 

( 0.05) 

QS (mm/s) 

( 0.05) 

Г (mm/s) 

( 0.04) 

1 1 1.21 3.04 0.94 

2 1 1.26 3.15 0.94 

3 1 1.20 2.90 0.97 

* IS: isomer shift; QS: quadrupole splitting; Г: full width at half-height 

 

The Mössbauer parameters for compound 1 (see Table 2) show one geometry arrangement at Sn center. In the 

1970s, Parish and Platt reported the free SnPh3Cl, exhibiting a quadrupole splitting value of 2.48 mm.s-1 

describing a tetrahedral arrangement [39]. Thus, the value of the quadrupole splitting (Table 2), higher than    

2.48 mm.s-1, is in accordance with a coordinated SnPh3Cl moiety. In 2003, Cisse et al. have isolated and 

investigated the compound (Me4N)2(OOC-COO)4SnPh3Cl whose structure, showing a quadrupole splitting of 

3.02 mm.s-1, described trans-coordinated SnPh3 moieties, linked to monodentate carboxylates affording a 

trigonal bipyramidal geometry at tin atoms [40]. We suggest, in the solid state, based on FT-IR and Mössbauer 

data, a discrete structure with a tetra-unidentate anion coordinated to the four SnPh3Cl molecules (Figure 1), the 

counter ions interact with the complex-anion through electrostatic interactions. 
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Fig. 1. Proposed structure for 1. 

 

The Mössbauer parameters for compound 2 (Table 2) evidence the presence of only trans-coordinated trigonal 

bipyramidal geometry at Sn center [40, 41]. Regarding previously reported works published by Cisse et al. [40] 

and Bancroft and Platt [41], which have a quadrupole splitting higher than 3 mm.s-1, we suggest in the solid 

state, a discrete structure wherein the glutarate ligand, with a pendent no coordinating C=O, describes a tri-O-

coordination mode towards Sn metal (Figure 2). The counter cations interact through electrostatic forces with the 

complex-anion. 

 

 
Fig. 2. Proposed structure for 2. 

 

The absence of Mössbauer parameters for compound 2′ etherizes the choice of the coordination mode of the 

ligand. Considering only the FT-IR data, and the fact that four metallic fragment are present, we propose for this 

compound an infinite chain of [(SnPh3)O2C(CH2)3CO2]−. To the anionic infinite chain, wherein the carboxylates 

are bidentate bridging and the SnPh3 moieties trans-coordinated describing trigonal bipyramidal geometries at tin 

centers, are attached two SnPh3 fragments. The trigonal bipyramidal coordination sphere at Sn atom, for one 

SnPh3 moiety attached to the chain, is completed by a chloride ion while the other Sn atom of the pendent SnPh3 

moiety occupies the center of a tetrahedron for which the fourth top was completed by an oxygen atom from a 

carboxylate C=O group. The glutarate ligand is overall tetradentate but is the site of a dissymmetry in its binding 

behavior (Figure 3). 
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Fig. 3. Proposed structure for 2′. 

 

The Mössbauer parameters for compound 3 (Table 2) exhibit one arrangement type at Sn atoms i.e. trigonal 

bipyramidal [40, 41]. On the basis of FT-IR and Mössbauer data (Table 2) we suggest in the solid state, a 

dimeric structure describing monodentate glutarates coordinated to SnPh3Cl molecules, bridged by the cations 

through hydrogen bonding patterns giving rise to a cage like-structure (Figure 4). 

 

 
Fig. 4. Proposed structure for 3. 

 

 

4. CONCLUSIONS 

 

The reactions, carried out in ethanolic solution, between the glutarate salt, (Me4N)2O2C(CH2)3CO25H2O and 

triphenyltin(IV) chloride organometallic precursor led to the formation of four compounds which were 

characterized by FT-IR and Mössbauer techniques. The studied adducts have a discrete, monomeric or dimeric, 

or of infinite chain structure. The glutarate anion behaves as a tetra-, tri- or monodentate ligand. Within the 

structures, the environment around the tin centers are trigonal bipyramidal or tetrahedral. The use of the 

dicyclohexylammonium counter ion, which can be involved in hydrogen bonding interactions, has allowed to 

isolate a structurally interesting complex with hydrogen bonding interactions between the cation and the 

glutarate resulting in a hydrogen bonded dimeric structure. 

 

 

ACKNOWLEDGEMENTS 

 

We thank Mr. Patrick Rosa, Scientific and Technical Manager of the Elemental Analyses Department (ICMCB-

Bordeaux University, France) and the CRPP-Bordeaux University for equipment support. 



Journal of Engineering Studies and Research – Volume 29 (2023) No. 3                                       85 

 
 

REFERENCES 

 

[1] Debnath, P., Debnath, P., Roy, M., Sieron, L., Maniukiewicz, W., Aktar, T., Maiti, D., Novikov, A.S., Misra, 

T.K., Novel Organotin(IV) Complexes of 2-[4-Hydroxy-3- ((2-hydroxyethylimino)methyl)phenylazo]benzoic 

Acid: Synthesis, Structure, Noncovalent Interactions and In Vitro Antibacterial Activity, Crystals, vol. 12, 2022, 

art. no. 1582. 

[2] Debnath, P., Singh, K.S., Sharma, S., Debnath, P., Singh, S.S., Sieron, L., Maniukiewicz, W., Synthesis, 

structural characterization. Hirshfeld surface analysis and in vitro-antimicrobial activities of triphenyltin (IV) 

compounds of azo-carboxylates derived from 2-or 4-amino benzoic acids and naphthalen-1 or 2-ol, Journal of 

Molecular Structure, vol. 1223, 2021, art. no. 128971. 

[3] Debnath, P., Singh, K.S., Devi, T.S., Singh, S.S., Butcher, R.J., Sieron, L., Maniukiewicz, W., Synthesis, 

characterization, crystal structures and anti-diabetic activity of organotin (IV) complexes with 2-(4-

hydroxynaphthylazo)-benzoic acid, Inorganica Chimica Acta, vol. 510, 2020, art. no. 119736.  

[4] Devendra, R., Edmonds, N.R., Sohnel, T., Organotin carboxylate catalyst in urethane formation in a polar 

solvent: an experimental and computational study, RSC Advances, vol. 5, 2015, p. 48935–48945. 

[5] Muhammad, N., Ahmad, M., Sirajuddin, M., Ali, Z., Tumanov, N., Wouters, J., Chafik, A., Solak, K., Mavi, 

A., Muhammad, S., Shujah, S., Ali, S. Al-Sehemi, A. G., Synthesis, characterization, biological activity and 

molecular docking studies of novel organotin(IV) carboxylates, Frontiers in Pharmacology, vol. 13, 2022, art. 

no. 864336. 

[6] Etaiw, S.E.H., Abd El-Aziz, D.M., Ali, E.A., Crystal structure, cytotoxicity and biological activity of 

hydrogen bonded networks based on dimethyltin (IV) and bipodal ligands, Journal of Organometallic Chemistry, 

vol. 894, 2019, p. 43–60. 

[7] Hadjikakou, S.K., Hadjiliadis, N., Antiproliferative and anti-tumor activity of organotin compounds, 

Coordination Chemistry Review, vol. 253, 2009, p. 235–249. 

[8] Carraher, C., Roner, M., Lynch, M., Moric-Johnson, A., Miller, L., Slawek, P., Mosca, F., Frank, J., 

Organotin poly(ester ethers) from salicylic acid and their ability to inhibit human cancer cell lines, Journal of 

Clinical Research in Oncology, vol. 1, no. 1, 2018, p. 1-11. 

[9] Roner, M., Shahi, K., Battin, A., Barot, G., Arnold, T., Organotin polymers as chemotherapeutic agents: 

breast and pancreatic cancers, Journal of Polymer Materials, vol. 31, no. 1, 2014, p. 1-14. 

[10] Amir, M.K., Khan, S., Zia-ur-Rehman, Shah, A., Butler, I.S., Anticancer activity of organotin (IV) 

carboxylates, Inorganica Chimica Acta, vol. 423, 2014, p. 14–25. 

[11] Sirajuddin, M., Ali, S., McKee, V., Zaib, S., Iqbal, J., Organotin (IV) carboxylate derivatives as a new 

addition to anticancer and antileishmanial agents: design, physicochemical characterization and interaction with 

Salmon sperm DNA, RSC Advances, vol. 4, 2014, p. 57505–57521. 

[12] Mao, W., Bao, K., Feng, Y., Wang, Q., Li, J., Fan, Z., Synthesis, crystal structure, and fungicidal activity of 

trioriganotin(IV) 1-methyl-1H-imidazole-4-carboxylates, Main Group Metal Chemistry, vol. 38, 2015, p. 27–30. 

[13] Iqbal, H., Ali, S., Shahzadi, S., Antituberculosis study of organotin (IV) complexes: A review, Cogent 

Chemistry, vol. 1, 2015, art. no. 1029039. 

[14] Banti, C.N., Hadjikakou, S.K., Sismanoglu, T., Hadjiliadis, N., Anti-proliferative and antitumor activity of 

organotin (IV) compounds. An overview of the last decade and future perspectives, Journal of Inorganic 

Biochemistry, vol. 194, 2019, p. 114–152. 

[15] Basu Baul, T.S., Chaurasiya, A., Duthie, A., Montes-Tolentino, P., Höpfl, H., Coordination-driven self-

assembly of macrocycles and 1D or 2D coordination polymers using heteroditopic pyridyl-carboxylate ligands: 

The case study of 5-[(E)-2-(3-pyridyl)-1- diazenyl]-2-hydroxybenzoate in combination with {RnSn}(n = 2 and 

3), Crystal Growth & Design, vol. 19, 2019, p. 6656–6671. 

[16] Qi, Y.-J., Liu, J.-H., Zheng, W.-X., Li, X.-X., Zheng, S.-T., A rare porous zinc phosphonocarboxylate 

framework with high thermal stability and interesting structural transformation, Chinese Chemical Letters, vol. 

29, no. 6, 2018, p. 959-962. 

[17] Li, L., Yin, Q., Li, H.-F., Liu, T.-F., Cao, R., Rational design of phosphonocarboxylate metal-organic 

frameworks for light hydrocarbon separations, Materials Chemistry Frontiers, vol. 2, no. 8, 2018, p. 1436-1440. 

[18] Du, D., Jiang, Z., Liu, C., Sakho, A.M., Zhu, D., Xu, L., Macrocyclic organotin (IV) carboxylates based on 

benzenedicarboxylic acid derivatives: Syntheses, crystal structures and antitumor activities, Journal of 

Organometallic Chemistry, vol. 696, 2011, p. 2549–2558. 

[19] Li, W., Du, D., Liu, S., Zhu, C., Sakho, A.M., Zhu, D., Xu, L., Self-assembly of a novel 2D network 

polymer: Syntheses, characterization, crystal structure and properties of a four-tin-nuclear 36-membered 

diorganotin(IV) macrocyclic carboxylate, Journal of Organometallic Chemistry, vol. 695, 2010, p. 2153–2159. 

[20] Basu Baul, T.S., Paul, A., Pellerito, L., Scopelliti, M., Singh, P., Verma, P., Duthie, A., de Vos, D., Tiekink, 

E. R. T., Dibutyltin (IV) complexes containing arylazobenzoate ligands: chemistry, in vitro cytotoxic effects on 



Journal of Engineering Studies and Research – Volume 29 (2023) No. 3                                       86 

 
 

human tumor cell lines and mode of interaction with some enzymes, Investigational New Drugs, vol. 29, no. 2, 

2011, p. 285–299. 

[21] Deacon, G.,B., Phillips, R., Relationships between the carbon-oxygen stretching frequencies of carboxylato 

complexes and the type of carboxylate coordination, Coordination Chemistry Review, vol. 33, no. 3, 1980, p. 

227–250. 

[22] Li, J., Xing, Y.,H., Zhao, H.,Y., Li, Z.,P., Wang, C.,G., Zeng, X.,Q., Ge, M.,F., Niu, S.,Y., Constructions of 

a set of hydrogen-bonded supramolecules from reactions of transition metals with 3,5-dimethylpyrazole and 

different dicarboxylate ligands, Inorganica Chimica Acta, vol. 362, no. 8, 2009, p. 2788-2795. 

[23] Kerr, A. T., Cahill, C., L., Crystal engineering with the uranyl cation III. Mixed aliphatic dicarboxylate 

/Aromatic Dipyridyl coordination polymers: synthesis, structures, and speciation, Crystal Growth & Design, vol. 

11, no. 12, 2011, p. 5634-5641. 

[24] Hao, H.,J., Sun, D., Liu, F.-J., Huang, R.-B., Zheng, L.-S., Discrete octamer water cluster and 1D T5(2) 

water tape trapped in two luminescent Zn(II) /1,2-Bis(imidazol-1′-yl)ethane/Dicarboxylate hosts: from 2D (4,4) 

net to 3D 5-fold interpenetrated diamond network, Crystal Growth & Design, vol. 11, no. 12, 2011, p. 5475-

5482. 

[25] Chen, Y.-W., Wei, H.-X., Wang, X.-G., Gao, D.-Z., Sun, Y.-Q., Zhang, G.-Y., Xu, Y.-Y., Syntheses, crystal 

structures, and magneticproperties of three 1D chain metal–nitroxide complexes bridged by flexible 

dicarboxylate anions, Zeitschrift für Anorganische und Allgemeine Chemie, vol. 638, no. 9, 2012, p. 1328-1334. 

[26] Guocheng Liu, Huang, J.-J., Zhang, J.-W., Wang, X.-L., Lin, H.-Y., Effect of organic bicarboxylates on the 

structures of cobalt(II) coordination polymers derived from a semi-rigid bis (benzimidazole) derivative, 

Transition Metal Chemistry, vol. 38, no. 4, 2013, p. 359-365. 

[27] Yang, J.-X., Qin, Y.-Y., Cheng, J.-K., Zhang, X., Yao, Y.-G., construction of a series of Zn(II) compounds 

with different entangle motifs by varying flexible aliphatic dicarboxylic acids, Crystal Growth & Design, vol. 15, 

no. 5, 2015, p. 2223-2234. 

[28] Forlin, E.,  Lanza, A., Di Nicola, C., Monari, M., Gazzano, M., Nestola, F., Pettinari, C., Pandolfo, L., 1D 

and 3D coordination polymers based on the Cu3(μ3-OH)(μ-pz)3 and Cu(Hpz)3SBUs connected by the flexible 

glutarate dianion, Inorganica Chimica Acta, vol. 470, 2018, p. 385-392. 

[29] Hussain, J., Hussain, H., Ahmad, V.,U., Al-Harrasi, A., Badshah, A., Organotin (IV) compounds of n-

propyl and isopropyl glutarate: Their synthesis, spectral characterization and antibacterial activity, Organic 

Communications, vol. 5, no. 1, 2012, p. 18-26. 

[30]  Zuo, D.-Z., Zhu, X.-M., Feng, Y.-L., Zhang, F.-X., Zuo, J.-X., Jiang, W.-J., Tan, Y.-X., Zhang, Z.-J., 

Syntheses, crystal structures and in vitro anti-tumor activity of three bis[tris(2-methyl-2-

phenyl)propyltin]dicarboxylate (CH2)n[CO2Sn(CH2CMe2Ph)3]2 (n = 2, 3, 4), Chinese Journal of Inorganic 

Chemistry, vol. 31, no. 10, 2015, p. 2001-2007. 

[31] Boye, M. S., Diasse-Sarr, A., Molloy, K.,C., Kociok-kohn, G., Mahieu, B., Poly[bis(trimethyltin)-µ-

glutarato, Acta Crystallographica, vol. E63, 2007, p. m1724-m1726. 

[32] Cisse, I., Gueye, O., Mahieu, B., Tinant, B., Tiekink, E. R. T., Crystallographic report: The 

two‐dimensionalcrystal structure of bis(trimethyltin)succinate,[(Me3Sn)2(O2CCH2CH2CO2)]∞, Applied 

Organometallic Chemistry, vol. 17, no. 10, 2003, p. 821-822. 

[33] Diop, T., Diop, M. B., Diop, C.A. K., Diasse-Sarr, A., Sidibe, M., Dumitru, F., van der Lee, A., Synthesis 

and structural characterization of new ladder-like organostannoxanes derived from carboxylic acid derivatives: 

[C5H4N(p-CO2)]2[Bu2Sn]4(μ3-O)2(μ2-OH)2, [Ph2CHCO2]4[Bu2Sn]4(μ3-O)2, and [(p-NH2)-C6H4-

CO2]2[Bu2Sn]4(μ3-O)2(μ2-OH)2, Main Group Metal Chemistry, vol. 45, 2022, p. 35-43. 

[34] Diop, T., Ndiolene, A., Diop, M.B., Boye, M. S., van der Lee, A., Dumitru, F., Diop, C. A. K., Sidibe, M., 

Synthesis, spectral (FT-IR, 1H, 13C) studies and crystal structure of [(2,6-CO2)2C5H3NSnBu2(H2O)]2·CHCl3, 

Zeitschrift für Naturforsch., vol. b76, no. 2, 2021, p. 127-132. 

[35] Diop, M.B., Seck, G.A., Sarr, M., Diop, L., Oliver, A.G., Co-crystallization of oxalate salts of 

monoprotonated amines with a double sn–ph bond cleavage, American Journal of Heterocyclic Chemistry, vol. 

6, no. 2, 2020, p. 16-23. 

[36] Sarr, M., Diop, M. B., Diasse-Sarr, A., Wang, A., Englert, U., Crystal structure of triphenyltin(IV) formate 

polymer, (HCO2SnPh3)n, Journal of Engineering Studies and Research, vol. 26, no. 3, 2020, p. 212-217. 

[37] Diop, M. B., Diop, L., Plasseraud, L., Cattey, H., Triorganotin carboxylates – synthesis and crystal structure 

of 2-methyl-1H-imidazol-3-ium catena-O,O′-oxalatotriphenylstannate, Main Group Metal Chemistry, vol. 39, 

no. 3-4, 2016, p. 119-123. 

[38] Diop, M.B., Diop, L., Oliver, A.G., Crystal structure of bis(2-methyl-1H-imidazol-3-ium) μ-oxalato-bis[n-

butyltrichloridostannate(IV)], Acta Crystallography, vol. E72, 2016, p. 858-860. 

[39] Parish R.V., Platt, R.H., Studies in Mössbauer spectroscopy. Part II. The structures of some organotin 

halides, and a test of the point-charge model, Inorganica Chimica Acta, vol. 4, 1970, p. 65-72. 

https://www.sciencedirect.com/science/article/pii/S002016930800738X
https://www.sciencedirect.com/science/article/pii/S002016930800738X
https://www.sciencedirect.com/science/article/pii/S002016930800738X
https://pubs.acs.org/doi/10.1021/cg2011869
https://pubs.acs.org/doi/10.1021/cg2011869
https://pubs.acs.org/journal/cgdefu
https://pubs.acs.org/journal/cgdefu
https://pubs.acs.org/journal/cgdefu
https://pubs.acs.org/journal/cgdefu
https://pubs.acs.org/doi/10.1021/cg201067q
https://pubs.acs.org/doi/10.1021/cg201067q
https://pubs.acs.org/doi/10.1021/cg201067q
https://pubs.acs.org/journal/cgdefu
https://pubs.acs.org/journal/cgdefu
https://onlinelibrary.wiley.com/doi/10.1002/zaac.201200056
https://onlinelibrary.wiley.com/doi/10.1002/zaac.201200056
https://onlinelibrary.wiley.com/doi/10.1002/zaac.201200056
https://onlinelibrary.wiley.com/doi/10.1002/zaac.201200056
https://onlinelibrary.wiley.com/doi/10.1002/zaac.201200056
https://link.springer.com/article/10.1007/s11243-013-9692-x
https://link.springer.com/article/10.1007/s11243-013-9692-x
https://pubs.acs.org/doi/10.1021/cg501879w
https://pubs.acs.org/doi/10.1021/cg501879w
https://www.sciencedirect.com/science/article/pii/S0020169317305777
https://www.sciencedirect.com/science/article/pii/S0020169317305777
https://www.sciencedirect.com/science/article/pii/S0020169317305777
http://www.oriprobe.com/journals/wjhxxb.html
http://www.oriprobe.com/journals/wjhxxb.html


Journal of Engineering Studies and Research – Volume 29 (2023) No. 3                                       87 

 
 

[40] Cisse, I., Gueye, O., Mahieu, B., Synthese et caractérisation par spectroscopies Infrarouge et Mössbauer de 

nouveaux complexes dicarboxylato du triphenyletain, Journal de la Societe Ouest Africaine de Chimie, vol. 16, 

2003, p. 1-9. 

[41] Bancroft, G.M., Platt, R.H., Mössbauer Spectra of Inorganic Compounds: Bonding and structure, Advances 

in Inorganic Chemistry and Radiochemistry, vol. 15, 1972, p. 59-258. 

 


