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General introduction 

 

 Tin and lead have been mentioned in the early books of the Old Testament and they 

are two of the oldest metals known to humanity. Their Latin names stannum and plumbum 

gave the chemical symbols of these elements ς Sn and Pb. Glazing pottery was one of the 

first uses of lead in the ancient Egypt (7000-5000 B.C.), while Romans used lead for 

plumbing or water pipes. The first appearance of tin dates back to the Bronze Age (3500-

3200 B.C.) when some bronze weapon and tools containing 10-15% Sn alloy with Cu have 

been found at Ur. 

 Tin and lead present two common oxidation states Sn(II), Sn(IV) and Pb(II), Pb(IV), 

respectively. The Sn(II) state usually needs the 5p orbitals for bonding, while the non-

bonding pair of electrons is left in the 5s state. Compounds SnX2 (the stannylenes) adopt 

an XςSnςX angle of about 90-100°. The electron-withdrawing effect of the ligands is an 

alternative to increase the stability of Sn(II) compounds (e.g. :SnCl2, :SnF2), together with 

the bulkiness of the ligands which can stop further ligation [e.g. Sn[N(SiMe3)2]2]; otherwise, 

oxidation readily occurs to the Sn(IV) state. In Sn(IV) derivatives, the metal center is sp3 

hybridized with a tetrahedral geometry. 

 Pb(II) is the most common form of lead in the environment, but Pb(IV) derivatives 

are also known (e.g. PbEt4 was used as gasoline additive). The presence of the 6s2 lone pair 

and the relativistic splitting of the 6p orbitals generate a range of intriguing electronic as 

well as structural effects. The so-ŎŀƭƭŜŘ άƛƴŜǊǘ ǇŀƛǊ ŜŦŦŜŎǘέ ƻōǎŜǊǾŜŘ ŦƻǊ ƭŜŀŘ ƛǎ ǘƘŜ Ƴŀƛƴ 

reason of the primary tendency of lead to form inorganic Pb(II) over Pb(IV) species. 

 The first industrial use of an organotin derivative was patented by Standard Oil 

Development Co. for the use of tetraalkyltin compounds as stabilizers of transformer oils, 

in 1932. In the same period, organotin compounds have been used as heat stabilizers in 

PVC industry, catalytic agents (in the formation of urethane foams, silicon rubbers, or 

esterification) or as biocidal derivatives. 

 The potential structural correlations between solution and solid state behavior of 

organotin and -lead compounds require various investigation methods. NMR spectroscopy 

and single crystal X-Ray diffraction are two of the compulsory tools in order to characterize 

these organometallic complexes.
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PART 1. 

 Synthesis, reactivity and structural characterisation of new 

organotin(IV) compounds with organic ligands that exhibit 

coordination abilities 

 

1.1. Literature review 

 Hypervalent [or hypercoordinated] organotin(IV) compounds have been known 

since 1963, when Hulme investigated the trimethyltin chloride/pyridine adduct, 

[Me3SnCl(Py)], by single-crystal X-ray diffraction and he identified the first 

pentacoordinated tin atom in a molecule. 

 The first chapter of the present thesis consists of a detailed literature study of 

hypervalent organotin(IV) compounds with a double-bounded intramolecularly 

coordinating nitrogen, ςC=N"Sn. This will be followed by a literature survey about 

organotin(IV) heterometallic complexes  and then the original contribution part. 

 

1.2. Objectives 

 

 The main topic of the first part of present work was the design, synthesis and 

structural investigation of some organotin(IV) species containing organic moieties able to 

act as donor groups for transition metals. 

 Compounds of the type RSnPhnX3ςn (n = 1-3) containing R = 2-[(CH2O)2CH]C6H4 

fragment will be synthetized, as they are important starting materials in the chemistry of 

tin which is intended to be developed. 

 An essential step, will be the preparation and investigation of organotin(IV) 

compounds bearing the 2-(O=CH)C6H4 moiety. They will be used to obtain new 

(imino)aryltin(IV) compounds containing an intramolecularly coordinating sp2-nitrogen 

atom to the metal center. 

 The synthesis and characterization of some new bimetallic complexes containing at 

least one organotin(IV) fragment will be also studied. 
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1.3. Original contributions 

 

 Derivatives with ςC=Nς bond are known for 40 year, but most of these compounds 

have this motif as part of an oxazoline fragment. 

 Organotin(IV) species with imine pendant-arm ligands can be obtained by 

condensation reactions between organotin(IV) precursors, containing a substituent on the 

metal with at least one benzaldehyde group, and an appropriate amine, in various 

conditions. 

 In order to obtain the desired organotin(IV) reagent containing an aldehyde 

fragment, the starting 2-bromobenzaldehyde reagent must be protected with an acetal 

group. The resulting dioxolane derivative is stable to basic nucleophiles (Mg, nBuLi), so it 

can be easy lithiated with nBuLi. Lithiation followed by a salt metathesis reaction with 

different organotin(IV) halides ends up with the isolation of the required starting materials. 

Deprotection of the dioxolane group can be achieved by hydrolysis in an acidic 

environment, and the resulting species are used further in condensation reactions to get 

compounds with C=N double bond. 

 

1.3.1. Protected organotin(IV) compounds containing 2-[(CH2O)2CH]C6H4 moiety 

 

 Compounds [2-{(CH2O)2CH}C6H4]SnPh3 (1), [2-{(CH2O)2CH}C6H4]SnPh2I (2) and [2-

{(CH2O)2CH}C6H4]SnPhI2 (3) have been prepared according to the reaction scheme shown 

below (Scheme 1). The starting organic ligand, 2-(2-bromophenyl)-1,3-dioxolane was 

obtained according to a literature protocol, by reaction of the commercially available 2-

bromobenzaldehyde with 1 equivalent of ethylene glycol, using 4-MeC6H4SO3H as catalyst. 

Lithiation of 2-(2-bromophenyl)-1,3-dioxolane with nBuLi in dry hexane, under an inert 

argon atmosphere, using a slight excess of nBuLi, affords the lithiated intermediate, which 

was reacted further with 1 equivalent of Ph3SnCl in toluene to give 1 in a 82% yield. 

 Compound 1 was isolated as a white solid, non-sensitive to hydrolysis and it was 

reacted with elemental iodine in different ratios, to yield organotin(IV) compounds 2 and 

3, respectively. Both iodide species are white to pale yellow solids, air and moisture stable 

at room temperature.  
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Scheme 1. 
 

 The NMR spectra of compounds 1-3 were recorded in CDCl3, at room temperature, 

on either 400 or 600 MHz spectrometers. 

 Similar patterns can be noticed for all these 3 compounds in the aliphatic region of 

the 1H NMR spectra: one singlet resonance signal corresponding to the H7 hydrogen (  ɻ

range = 5.77-5.95 ppm) ŀƴŘ ŀ !!Ω··Ω ǎǇƛƴ system between ɻ = 3.5 - 4 ppm for the H8 

hydrogens of the 1,3-dioxolane ring (Figure 1). 

 

Figure 1. Stacked 1H NMR spectra (CDCl3, 20 °C) for compounds 1 (red), 2 (green) and 3 
(blue). 
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 The 119Sn NMR chemical shift for 1 όʵ Ґ ς131.24 ppm) compares very well with other 

tetraaryltin(IV) species reported in the literature: Ph4{ƴ όʵ Ґ ς128.1 ppm),108 (3-anis)4{ƴ όʵ 

= ς125.1 ppm)109 or (4-CF3C6H4)4{ƴ όʵ Ґ ς134.0 ppm).109 This value indicates a 

tetracoordinated tin atom in solution, without any O"Sn intramolecular coordination. The 

long acquisition time of the 119Sn NMR spectrum for 1, together with a well concentrated 

sample, allows the observation of 13C satellites (Figure 2). 

 

Figure 2. Stacked 119Sn NMR spectra (CDCl3, 149.2 MHz) for compounds 1 (red), 2 (green) 
and 3 (blue). 

 

 Substitution of a phenyl group from 1 with an iodine, does not bring a significant 

change in 119Sn NMR spectra of 2. However, a second iodine bounded to tin center comes 

with an important upfield shift in the 119Sn NMR resonance of 3. The chemical shift of 3 (  ɻ

= ς302.88 ppm) match with that for [2-(Me2NCH2)C6H4]SnPhI2 (  ɻ= ς337.4 ppm),30 and it is 

upfield shifted compared with that reported for Ph2SnI2 (  ɻ= ς243.8 ppm)110 suggesting the 

presence of intramolecular O"Sn coordination in solution and a five-coordinated tin 

center.  

 The high-resolution mass spectra of compounds containing the 2-phenyl-1,3-

dioxolane fragment were recorded using atmospheric-pressure chemical ionization 

technique. The APCI(+) spectrum of 1 contains the molecular peak at m/z 501.08867 
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(6.25%) [M+H+], while the base peak (m/z 379.01498) can be assigned to the [{2-

(O=CH)C6H4}SnPh2+H+] fragment. In the HR-MS spectrum of 2 the base peak (m/z 

423.02611) can be assigned to the [[2-{(CH2O)2CH}C6H4]SnPh2+] fragment. The molecular 

peak can also be observed at m/z 550.94684 (2.48%). 

 The APCI(+) spectrum of 3 also confirms the purity of the compound as the 

molecular peak m/z 600.81864 (8.57%) [M+H+] can be noticed. [MςI+] fragment can be 

assigned for the base peak at m/z 472.90580. 

 
 

Figure 3. ORTEP drawings of pRO(1)RC(7)-1 (left) and 3 (right) showing 30% probability 
displacement ellipsoids and the atom numbering scheme. 

 

 The molecular structures of compounds 1 (Figure 3, left), 2 (Figure 4) and 3 (Figure 

3, right) reveal some common features: 

a) the tin atom is involved in a distorted trigonal bipyramidal coordination geometry, due 

to the intramolecular coordination of one oxygen atom from the 1,3-dioxolane ring to 

the metal centerΤ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƴŦƛǊƳ ǘƘƛǎ ƎŜƻƳŜǘǊȅΣ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ ǘƘŜ ˍ5 value should 

be considered. The ̱ 5 parameter ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ Ǌŀǘƛƻ όʲ-ʰύκслϲΣ ʲҔʰΣ ǿƘŜǊŜ ʲ ŀƴŘ ʰ 

ŀǊŜ ǘƘŜ ǘǿƻ ƎǊŜŀǘŜǎǘ ŀƴƎƭŜǎ ŀǘ ǘƘŜ ŎƻƻǊŘƛƴŀǘƛƻƴ ŎŜƴǘŜǊΦ LŦ ǘƘŜ ˍ5 value is closer to 0, the 

structure might be described as square pyramidal, whereas if this value is closer to 1, 

the correct description is a trigonal bipyramid. When the ̱ 5 value is exactly 0 or 1, then 

the structure can be treated as an ideal one, but in most examples this is not the 

case;111 

b) This intramolecularly coordinated oxygen atom, led to the isolation of organotin(IV) 

species with an increased coordination number at the metal center, i.e. from four to 

five; 
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c) These derivatives can be seen as 10-Sn-5 species (following the N-X-L nomenclature 

system, where N is the number of electrons in the valence shell of a central atom X 

with L ligands directly bonded to it).112 

 

Figure 4. ORTEP drawing of pRO(1)SC(7)-2a showing 30% probability displacement ellipsoids 
and the atom numbering scheme. 

 

1.3.2. Organotin(IV) species containing the 2-(O=CH)C6H4 fragment and aldol condensation 

products 

 

 Compound [2-(O=CH)C6H4]SnPh3 (4) was prepared by deprotection of the carbonyl 

function from [2-{(CH2O)2CH}C6H4]SnPh3 (1), following an adapted literature protocol, used 

for mercury,116 selenium,117 or tin-containing species (Scheme 2).67 Compound 4 was 

isolated as an air and moisture stable white powder. 

 

Scheme 2. Synthesis of compounds 4-6. 
 Treatment of 4 with different equivalents of elemental iodine allows the 

preparation of [2-(O=CH)C6H4]SnPh2I (5) and [2-(O=CH)C6H4]SnPhI2 (6) in very good yields. 

The iodine derivatives are air and moisture stable and they are white (5) or pale yellow 

solids (6).  
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 Deprotection of [2-{(CH2O)2CH}C6H4]SnR2X type derivatives (R = Me, Ph; X = Br, Cl) 

in acetone can give also aldol condensation products if the reaction time is excessively 

extended (Scheme 3). 

 

Scheme 3. Synthesis of compounds 7 and 8. 
 

 An anion exchange reaction was made from [2-(O=CH)C6H4]SnMe2Br67 with excess 

KSCN to give compound [2-(O=CH)C6H4]SnMe2NCS (7) as a white solid. If the same starting 

material is stirred for 48 h at room temperature in acetone with a small quantity of p-TsOH 

the condensation product [2-{CH3C(=O)CH2(OH)CH}C6H4]SnMe2Br (8) can be obtained. 

Compound [2-{CH3C(=O)CH2(OH)CH}C6H4]SnPh2Cl (9) was synthetized in a similar fashion 

starting from [2-(O=CH)C6H4]SnPh2Cl (prepared from 5 and NH4Cl). 

 The presence of the carbonyl fragment O=CH- in compounds 4-7 can also be 

observed in the IR spectra. The carbonyl stretching vibration band, C˄=O, appears usually 

between 1710-1685 cmς1 if the C=O group is bonded to an aromatic moiety. The specific IR 

absorption band for the benzaldehyde is at 1696 cmς1.118 

 Two strong peaks can be noticed at 1702 and 1675 cmς1 in the IR spectrum of 

compound 4. For compound 5 the specific band was observed at 1643 cmς1, while for 6 the 

peak was found at 1630 cmς1. The ˄ C=O stretching vibration bands for 5 and 6 are in 

agreement with a strong intramolecular coordination in the organotin(IV) species, they 

being shifted to lower values compared with the wavelength magnitude of benzaldehyde. 

 The solution behavior of the compounds 4-9 was monitored by NMR spectroscopy. 

The assignment of the 1H and 13C chemical shifts was made using 2D NMR correlation 

experiments (COSY, HSQC, HMBC). 
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Figure 5. Stacked 1H NMR spectra (CDCl3, 20 °C) for compounds 2 (red), 5 (green) and 9 
(blue). 

 

 The NMR spectra of compounds 4-9 were recorded in CDCl3 at room temperature 

on either 400 or 600 MHz spectrometers. Hybridization change of the C7 atom from sp3 

(acetal fragment) to sp2 (aldehyde fragment) has a significant variation in the chemical shift, 

both in 1H and 13C NMR spectra. The resonance signals for H7 are downfield shifted 

compared to the starting protected derivatives. All the expected resonance signals can be 

observed in the 1H NMR spectrum of 5 (Figure 5).  

 The most deshielded singlet resonance signal in the 1H NMR of 5 can be assigned to 

the H7 hydrogen of the carbonyl function. This resonance is no longer visible in the 1H NMR 

spectrum of 9. A doublet resonance signal at 5.37 ppm (due to the H-H coupling with H8b 

hydrogen) is corresponding to the H7 hydrogen. The two hydrogen atoms (H8a, H8b) 

together with H7 generate an AMX spin system. The pendant arm in 9 does not show any 

fluxional behavior in solution, either due to a strong O"Sn intramolecular interaction or 

due to its bulkiness which does not allow free rotation around the C(2)-C(7) bond. This is 

highlighted by the presence of two sets of resonances (both in the 1H and 13C NMR spectra) 

for the two different phenyl groups bounded to tin atom, one being on the same side with 

the pendant arm, while the other has a distinct environment. 
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 1H and 13C NMR spectra of 4 and 6 present similar features: the resonance signals 

for H7 are around 10 ppm as expected for the hydrogen of a carbonyl group. 1H NMR 

spectrum of 6 is better resolved compared with the one for 4 with a triphenyltin moiety, 

which give 2 multiplets for 5 hydrogens (Figure 6, left). The signal corresponding for H6 has 

also a significant shift in 6 (8.39 ppm) related to its starting material 4 (7.76 ppm). This 

downfield shift is a consequence of the 2 iodine atoms bonded to the metal center which 

change its Lewis acidity. 

 No uncommon aspects could be noticed in the 13C NMR spectra of 4 and 6 (Figure 

6, right). The resonances corresponding to C7 are around 195 ppm, while the remaining 

aromatic signals are dispersed between 128 and 142 ppm. 

  

Figure 6. Stacked 1H (left) and 13C NMR (right) spectra (CDCl3, 20 °C) for compounds 4 
(black) and 6 (red). 

 

 Each 119Sn NMR spectrum of compounds 4-9 shows a single resonance signal 

confirming the presence of one organotin(IV) species in solution (Figure 7). The same 

chemical behavior as for the protected precursors, can be noticed for compounds 4-6, 

where a second iodine atom bound to the metal center brings a significant upfield shift in 

the 119Sn NMR resonance of 6 (ς312.74 ppm) compared with the chemical shift for 5 (ς

118.25 ppm). Due to a 119Sn-14N coupling the 119Sn NMR resonance for 7 appears as a triplet 

(1JSnN = 136.7 Hz), highlighting that the NCS ligand is attached by nitrogen to the tin atom. 

A similar behavior was observed in other organotin(IV) species containing the 2-

(Me2NCH2)C6H4 fragment.28 This great affinity of tin for nitrogen, nominate organotin(IV) 



Part 1 | 11 

 

pseudohalides to be used as potential spacers in coordination chemistry of transition 

metals with affinity for soft chalcogens (S, Se). 

 

Figure 7. 119Sn NMR stacked spectra (CDCl3, 149.2 MHz) for compounds 4-9. 
 

 The chemical shifts for compounds 7 and 8 match very well with those observed for 

[2-(Me2NCH2)C6H4]SnMe2Br31 όʵ Ґ ς55.5 ppm), [2-(Me2NCH2)C6H4]SnMe2b/{ όʵ Ґ ς95.9t, 

1JSnN = 139.4 Hz) or [2-(O=CH)C6H4]SnMe2.Ǌ όʵ Ґ пΦм ǇǇƳύ ŀƴŘ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ǇŜƴǘŀ-

coordinated tin atom in solution. 

 Crystals of 5 and 9 contain two distinct molecules (indicated by a and b) in the 

asymmetric units with slightly differences in some interatomic distances and angles. Some 

common aspects have to be mentioned about the molecular structures of 5, 6 and 9 (Figure 

8): all these compounds are 10-Sn-5 species with a penta-coordinated tin atom due to a 

strong intramolecular O"Sn interaction, leading to a distorted trigonal bypiramidal 

coordination geometry. A halogen atom is always trans to the intramolecularly coordinated 

oxygen atom and they occupy the axial positions of the trigonal bipyramidal geometry. 

 When a second iodine atom is replacing one phenyl group at the tin atom, the 

geometry around the metal center in 6 becomes more distorted as the angles between the 

equatorial positions are between 107.4(2)° and 131.8(3)°, pretty far from the ideal 120° 

value. 
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Figure 8. ORTEP drawings of 5a (a), pSO(1)-RC(7)-9a (b) and C-6 isomer (c) showing 30% 
probability displacement ellipsoids and the atom numbering scheme (hydrogen atoms 

were omitted for clarity). 
 

 Crystal of 7 contains two distinct molecules in the asymmetric unit. A distorted 

trigonal bypiramidal geometry [ 5̱ = 0.83 (7a), 0.80 (7b) and 0.83 (8)] can be observed in the 

molecular structures of 7a, 7b and 8. The equatorial sites are occupied by three carbon 

atoms with the equatorial angles between 116.4° and 121.1°, very close to the ideal value 

of 120° (Figure 9). 

 

Figure 9. ORTEP drawings of 7a (a) and pSO(1)-RC(7)-8 (b), showing 30% probability 
displacement ellipsoids and the atom numbering scheme. 

 

a b 

c 

a 
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