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Abstract:  Cy2NH2BzCO2·SnPh3Cl, Bz2NH2BzCO2·SnPh3Cl, 
BzCO2SnPh3·SnPh3Cl·1/4Bz2NH2Cl, Bz2NH2BzCO2·SnPhCl(OH)2, 
Bz2NH2BzCO2·SnBu2Cl2, [BzCO2SnPh3][SnPhCl3·EtOH·H2O] adducts and 
complexes have been obtained on allowing Cy2NH2BzCO2 or 
Bz2NH2BzCO2·4H2O to react respectively with SnPh3Cl, SnPh2Cl2 or 
SnBu2Cl2 in specific ratios. The molecular structures of these compounds 
have been determined on the basis of infrared and NMR data. The suggested 
structures are discrete, dimers and tetramer, the tin atom being tetra-, penta- 
and hexacoordinated; the benzyl carboxylate anions are monodentate, 
bidentate and chelating and the cations involved in hydrogen bonds. 
 
Keywords:  bipyramidal trigonal environment, cations, chelating 

BzCO2
- anion, hydrogen bonds, tin centre
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INTRODUCTION 
 
The application of tin compounds is well known [1, 2]; organotin carboxylates have 
been extensively studied and summarized by Tiekink [3]. In addition, an area of current 
interest involves the screening of organotin compounds for potential anti-tumor and 
anti-bacterial activities [4, 5]. In the aim to continue the works of Spencer et al. [6-8] on 
the Lewis acidity of the organotin compounds Yoder et al. have synthesized triorganotin 
carboxylates series and have used the 119Sn NMR for determining their structures in 
solution [9-11]. In our laboratory, Touré has synthesized and characterized by 
Mössbauer, infrared and NMR spectroscopies organotin benzoato compounds 
[R4A][PhCO2·nSnPh3X] (R = Me, Ph; A = N, P; X = Cl, Br, SCN et n = 1, 2) and 
[Me4N][C6H5CO2SnBu2Cl2] [12]. In this context, we have studied in this paper the 
interactions between Cy2NH2BzCO2 or Bz2NH2BzCO2·4H2O salts and SnPh3Cl, 
SnPh2Cl2 or SnBu2Cl2 Lewis acids in specific ratios which has yielded six new adducts 
infrared and NMR studies of which have been carried out then structures suggested on 
the basis of spectroscopic data. 
 
 
MATERIALS AND METHODS  
 
Cy2NH2BzCO2 and Bz2NH2BzCO2·4H2O have been synthesized on mixing aqueous 
solution of BzCO2H and Cy2NH or Bz2NH in 1/1 ratio. The clear solutions obtained 
yield white powders after submitting them to a slow solvent evaporation. 
 
Synthesis of Cy2NH2BzCO2·SnPh3Cl (A) 
 
When ethanolic solutions of Cy2NH2BzCO2 (0.74 mmol) and SnPh3Cl (0.37 mmol) are 
mixed, clear solution is obtained and stirred during two hours. This solution yields 
white powder after submitting it to a slow solvent evaporation. 
 
Synthesis of Bz2NH2BzCO2·SnPh3Cl (B) 
 
When ethanolic solutions of Bz2NH2BzCO2·4H2O (0.50 mmol) and SnPh3Cl  
(0.25 mmol) are mixed, clear solution is obtained and stirred during two hours. This 
solution yields white powder after submitting it to a slow solvent evaporation. 
 
Synthesis of BzCO2SnPh3·SnPh3Cl·1/4Bz2NH2Cl (C) 
 
When ethanolic solutions of Bz2NH2BzCO2·4H2O (0.30 mmol) and SnPh3Cl  
(0.60 mmol) are mixed, clear solution is obtained and stirred during two hours. This 
solution yields white powder after submitting it to a slow solvent evaporation. 
 
Synthesis of Bz2NH2BzCO2·SnPhCl(OH)2 (D) 
 
When ethanolic solutions of Bz2NH2BzCO2·4H2O (0.90 mmol) and SnPh2Cl2  
(0.45 mmol) are mixed, clear solution is obtained and stirred during two hours. This 
solution yields white powder after submitting it to a slow solvent evaporation. 
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Synthesis of Bz2NH2BzCO2·SnBu2Cl2 (E) 
 
When ethanolic solutions of Bz2NH2BzCO2·4H2O (0.37 mmol) and SnBu2Cl2  

(0.37 mmol) are mixed, clear solution is obtained and stirred during two hours. This 
solution yields white powder after submitting it to a slow solvent evaporation. 
 
Synthesis of [BzCO2SnPh3][SnPhCl3(EtOH)(H2O)] (F) 
 
When ethanolic solutions of Cy2NH2BzCO2 (0.41 mmol) and SnPh3Cl (0.41 mmol) are 
mixed, clear solution is obtained and stirred during two hours. This solution yields 
white powder after submitting it to a slow solvent evaporation. 
The analytical data calculated (found) have allowed to suggest the following formulae 
(Table 1). 
 

Table 1. Suggested formulae of the synthesized compounds 
Chemical composition (% mass) 
C H N Comp Suggested formulae 

Calc. Found Calc. Found Calc. Found
A Cy2NH2BzCO2·SnPh3Cl 64.93 65.20 6.60 6.31 1.99 1.99 
B Bz2NH2BzCO2·SnPh3Cl 66.83 66.70 5.33 5.32 1.95 1.63 
C BzCO2SnPh3·SnPh3Cl·1/4Bz2NH2Cl 61.41 61.30 4.45 4.52 0.38 0.34 
D Bz2NH2BzCO2·SnPhCl(OH)2 57.17 56.70 5.05 4.98 2.34 2.37 
E Bz2NH2BzCO2·SnBu2Cl2 56.54 56.30 6.48 6.59 2.20 2.20 
F [BzCO2SnPh3][SnPhCl3·EtOH·H2O] 47.96 47.80 4.14 4.18 0.00 0.15 

 
The infrared spectra were recorded by a Perkin Elmer (4400-350 cm-1) spectrometer 
(Dakar University), the sample being as Nujol mulls while CsI windows were used. The 
elemental analyses have been performed at the laboratory of Microanalyses - University 
of Bath (UK). Infrared data are given in cm-1 [IR abbreviations: (br) broad, (vs) very 
strong, (s) strong, (m) medium, (sh) shoulder, (vw) very weak]. 
Solution NMR spectra were recorded from a saturated CDCl3 solution, at 250.53 and 
89.27 MHz for 1H and 119Sn, respectively. 1H and 119Sn chemical shifts are given in 
ppm and are referred, respectively, to SiMe4 and SnMe4, all set to 0.00 ppm. These 
NMR data were recorded by means of a Bruker 300 MHz at University of Bath (UK) 
and University of Montpellier II (France). 
All the chemicals are from Aldrich Company (Germany) and were used without any 
further purification. 
 
 
RESULTS AND DISCUSSION 
 
Let us consider the infrared (cm-1) and NMR (ppm) data of benzyl carboxylato 
derivatives and adducts: 
(A):  
IR: νas(CO2) = 1620 s; δ(NH2) = 1581 vs, 1546 vs; νs(CO2) = 1429 s;  
ν(Ph) = 730 vs, 697 vs; ν(NH2) = 2900 br; 
1H NMR (CDCl3, δ ppm): 1.20-2.10 (br m, 22H, C6H11), 2.90 (s, 2H, NH2), 3.70 (s, 2H, 
CH2), 7.20-7.60 (br m, 20H, C6H5); 
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119Sn NMR (CDCl3, δ ppm): -110 ppm. 
 

(B):  
IR: νas(CO2) = 1600 s; δ(NH2) = 1501 s; νs(CO2) = 1411 s; ν(Ph) = 728 s, 695 s;  
ν(NH2) = 2900 br. 
 

(C):  
IR: νas(CO2) = 1620 s; δ(NH2) = 1541 vs; νs(CO2) = 1396 m; ν(Ph) = 730 m, 698 m; 
1H NMR (CDCl3, δ ppm): 3.70 (s, 2H, CH2), 7.27-7.75 (br m, 35H, C6H5); 
119Sn NMR (CDCl3, δ ppm): ‐45.2, -106.9 ppm. 
 

(D):  
IR: νas(CO2) = 1620 s; δ(NH2) = 1567 vs; νs(CO2) = 1410 s; ν(Ph) = 728 m, 697 m; 
ν(NH2) = 2900 br; 
1H NMR (CDCl3, δ ppm): 3.47 (s, 2H, NH2), 3.53 and 3.77 (s, 6H, CH2), 7.10-7.40 (br 
m, 15H, C6H5); 
119Sn NMR (CDCl3, δ ppm): -540.3 ppm. 
 

(E):  
IR: νas(CO2) = 1620 s; δ(NH2) = 1545 vs; νs(CO2) = 1380 s; ν(Ph) = 729 vs, 696 vs; 
νs(SnBu2) = 605 vw; ν(NH2) = 2900 br. 
 

(F):  
IR: νas(CO2) = 1620 s; δ(NH2) = 1541 vs; νs(CO2) = 1395 s; ν(Ph) = 730 s, 698 s; 
1H NMR (CDCl3, δ ppm): 3.50 (s, 2H, CH2), 4.60 (s, 2H, H2O), 7.10-7.80 (br m, 25H, 
C6H5); 
119Sn NMR (CDCl3, δ ppm): -109, -541 ppm. 
 
Characterization of Cy2NH2BzCO2·SnPh3Cl (A) and Bz2NH2BzCO2·SnPh3Cl (B) 
 
For the A and B compounds, the broad band centred at 2900 cm-1 on the infrared 
spectrum indicates the presence of hydrogen bonds. 
On the 119Sn (Cl3CD) spectrum of A compound, the signal at -110 ppm shows a single 
tin type consistent with a SnPh3Cl molecule coordinated because the signal of the free 
SnPh3Cl molecule is - 44.7 ppm [13, 14].  
The suggested structure for the two A and B compounds is a dinuclear dimer. Every one 
of the two BzCO2

- anions monocoordinates a SnPh3Cl molecule providing to the tin 
atom a trigonal bipyramidal environment. The two anionic [BzCO2SnPh3Cl]- 
components are linked each other by hydrogen bonds involving the non-coordinated 
oxygen atoms from the BzCO2

- anions and the labile hydrogen atoms from the R2NH2
+ 

cations (Figure 1). 
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Figure 1. Suggested structures for compounds A and B 
 

Characterization of BzCO2SnPh3·SnPh3Cl·1/4Bz2NH2Cl (C) 
 
The 119Sn NMR spectrum shows two values (- 45.2 ppm and - 106.9 ppm) consistent 
with tetrahedral environments of the tin atoms [13, 14]. The value of the chemical shift - 
45.2 ppm is very close to that (-44.7 ppm) attributed by Holeček to free SnPh3Cl 
molecule [13, 14]. Thus, there is a non-coordinated SnPh3Cl molecule in solution. The 
other chemical shift -106.9 ppm attributed to tin atom in BzCO2SnPh3 complex is 
consistent with those (between -110 ppm and -120 ppm) attributed by Alvarez-Boo to 
Ph3SnO in triphenyltin (IV) sulfanyl carboxylates in which the tin atom has a tetrahedral 
environment [4]. 
The suggested discrete structure in solution has two components BzCO2SnPh3 and 
SnPh3Cl in which the two metallic centres have a tetrahedral environment (Figure 2), 
considering a coordinated SnPh3Cl in the solid state and the cleavage of this 
coordination in solution leading to a free SnPh3Cl seems relevant. 
 

 
 

Figure 2. Suggested structure for compound C 
 
Characterization of Bz2NH2BzCO2·SnPhCl(OH)2 (D) 
 
On the infrared spectrum, the board band centred at 2900 cm-1 shows the presence of 
hydrogen bonds. 
On the 119Sn NMR spectrum, the single signal at - 540.3 ppm indicates the presence of a 
hepta-coordinated tin centre as reported in the literature [15].  
The suggested dimer structure consists of two tin centres each hepta-coordinated to a 
phenyl group, two hydroxyl groups, two bridged chlorine atoms and one chelating 
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BzCO2
- anion (Figure 3). When Cy2NH2

+ cations are involved through hydrogen bonds 
a supramolecular architecture is obtained with hydroxyl groups. 
 

 
 

Figure 3. Suggested structure for compound D 
 
Characterization of Bz2NH2BzCO2·SnBu2Cl2 (E)  
 
On the infrared spectrum, the presence of hydrogen bonds in the structure is certified by 
the board band centred at 2900 cm-1. The presence of a very weak band at 605 cm-1 due 
to νs(SnBu2) indicates the presence of a  linear SnBu2 residue. 
The suggested structure is a dinuclear dimer. Each metallic centre is hexa-coordinated 
to two butyl groups, two chlorine atoms and one monochelating BzCO2

- anion. The two 
anionic [BzCO2SnBu2Cl2]

- components are linked by NH…Cl hydrogen bonds type 
involving the chlorine atoms and the Cy2NH2

+ cations. 
 

 

Figure 4. Suggested structure for compound E 
 
Characterization of [BzCO2SnPh3][SnPhCl3.EtOH·H2O] (F) 
 
The two signals at -109 ppm and -541 ppm on the 119Sn NMR spectrum indicate the 
presence of two different metallic centres in the structure. These values are 
characteristic to respectively penta-coordinated and hepta-coordinated tin centres  
[13, 16]. 
The suggested structure is a tetranuclear dimer. There are two different metallic centres 
respectively tetra-coordinated to three phenyl groups and one BzCO2

- carboxylato anion 
and hepta-coordinated to one phenyl group, one water molecule, four chlorine atoms of 
which two bridged chlorine atoms and one BzCO2

- carboxylato anion. 
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Figure 5. Suggested structure for compound F 
 
 

CONCLUSION 
 
The structures of the studied adducts are discrete or dimeric, the tin centre being tetra-, 
penta-, hexa- and hepta-coordinated, the benzyl carboxylate behaving as a mono- and 
bidentate ligand. The crucial role of R2NH2

+ cations (R = Cy and Bz) via hydrogen 
bonds in the dimerization process and in the establishment of the supramolecular 
architecture through hydrogen bonds is noteworthy. 
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