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1 Abstract 

The success in isolating (3-aminopropyl)stannanes bearing free hydrogens at the nitrogen 

atom, with derivatives Et2SnX(CH2)3NH2 (X = F, Cl, Br, I, acetate) in this working group, has 

provided motivation for the preparation of the diamino analogues. A novel synthetic 

pathway involving the desilylation of a tin trimethyl silyl species (Ph2Sn(SiMe3)2) towards 

diamino propyltin dichloride is described.2 Diamino propyltin dichloride is then converted to 

the respective tin carboxylate species (RCOO)2Sn((CH2)3NH2)2 employing a range of 

carboxylic acids (RCOOH, R = alkyl, F3C-F3C-(CF2)7-, phenyl, cycloalkyls). Depending on the R 

group, the tin center can display a six or seven membered coordination sphere. In addition, 

also depending on the nature of R, discrete packing effects are observed in the solid state of 

diamino tin carboxylates. These compounds are a promising class of substances for technical 

applications.
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2 Kurzfassung 

Der Erfolg in der Synthese von (3-Aminopropyl)-Stannane, mit freien Wasserstoffen am 

Stickstoff, sowie die Herstellung der Derivate  Et2SnX(CH2)3NH2 (X = F, Cl, Br, I, Acetat), in 

unserer Arbeitsgruppe, motivierte uns auch die Diamino Analoga zu synthetisieren. In dieser 

Arbeit wird ein Syntheseweg präsentiert, welcher die Synthese von 

Diaminopropylzinndichlorid, unter Verwendung einer Desilylierungsreaktion von 

(Ph2Sn(SiMe3)2) beschreibt. Diaminopropylzinndichloride wird anschließend zum 

korrespondierenden Dicarboxylat (RCOO)2Sn((CH2)3NH2)2 umgewandelt. Es werden eine 

Bandbreite an Carbonsäuren (RCOOH, R = Alkyl, F3C-F3C-(CF2)7-, Phenyl, Cycloalkyle)  

verwendet. In Abhängigkeit der R Gruppe, kann eine Koordinationszahl von sechs oder 

sieben am Zinnatom beobachtet werden. Diese neu synthetisierten Produkte sind eine 

vielversprechende Substanzklasse, hinsichtlich ihrer technischen Anwendungsmöglichkeiten.  
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3 Introduction 

Tin is widely used in industry, not only in its metal form or as an alloy composite, but also as 

organometallic compounds such as fungicides,1–5 insecticides,6–9 or miticides.10–13 An 

overview on the applications of organo tin derivatives is given in Scheme 1.1–9,14–21 Most 

notable to mention is the use of tin compounds in the field of catalysis, such as 

transesterification reactions, for example the synthesis of fatty acid esters or polyesters.18–21

Therefore, dibutyl tin dichloride is used as catalysts for reactions under moderate conditions. 

In addition to the above mentioned reaction, the synthesis of polyurethanes is the major use 

of tin catalysts. Discussions about their toxicity led to a partial ban of these compounds by 

EU law. Thus, alternative catalysts have to be explored or new strategies have to be 

investigated, for example using biphasic technology in combination with perfluorinated 

organotin compounds during the polymer synthesis.22,23

Scheme 1: Overview applications of organotin compounds
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4 Literature

4.1 Toxicity of DBTDL 

The toxicity of organotin compounds strongly depends on the substitution pattern on the 

metal center. In general, it could be said that the toxicity decreases as followed: R3SnX > 

R2SnX2 > RSnX3. Also, aryl substitutes are less toxic then alkyl chains. The shorter the carbon 

chain is, the more toxic the compound. The most toxic tin species for mammals is triethyltin 

acetate with an LD50 of 4 mg/kg in rats.24 In comparison, the LD50 value of DBTDL (dibutyltin 

dilaurate) is 175 mg/kg.25 Issues arise with the persistence and bioaccumulation in the 

environment and their lipophility.26 In general, these derivatives show harmful effects on 

aquatic life. Based on the presence of DBTDL in many materials, such as PVC or PU, 

toxicological studies have been made. These studies indicate a high impact of these 

compounds on higher eukaryotic life. Rats exposed to DBTDL lose weight and show a 

lethargic and dull behavior. An increase in the activity of heme oxygenase,27 which suggests 

an increase of heme degradation, as well as a prolonged induction of hepatic heme,28 leads 

to a decrease in cytochrome P-450 activity. This affects the biotransformation mechanism in 

hepatic microsomes. This alteration could modify the response to drugs and other 

pharmaceutical products. Like other organotin derivatives, DBTDL also shows differences in 

toxicant and drug metabolism due to hormonal influences.29,30  In comparison to tertiary 

amines, DBTDL shows a higher cytotoxic potential.  

4.2 Catalysts for PU polymerisation 

In general the reaction rate between isocyanates and hydroxyl-groups is slow, thus the need 

for catalysts has been established in PU synthesis. Through catalyst choice, reaction time and 

resulting polymer architecture can be determined. Most catalysts work in a Lewis acid-base 

mechanism. The challenge is to choose the appropriate catalyst and in correct amounts to 

obtain the desired polymer properties. In industry, three classes of catalysts are used: 

tertiary amines, organometallic species, and aprotic salts. 
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4.2.1 Tertiary amine catalysts and non-tin metal complexes  

Tertiary amine catalysts (I-VI) are used for blowing and gelling reactions of polyurethane 

polymers.31 In general, they are not very reactive towards isocyanate catalysts. Factors 

which influence the activity are the basicity of the nitrogen, catalyst molecular weight, steric 

hindrance and volatility. Increasing the basicity leads to a higher activity.  

Scheme 2: Tetra amines as PU catalysts. 

1,4-Diazabicyclo[2.2.2]octane (DABCO) (I) is the most common amine catalyst for PU 

production.31 The disadvantage of tertiary amine catalysts is their strong fishlike odor and 

their high volatility, caused by the low molecular weight. They are considered to be a source 

of volatile organic compounds (VOCs) leading to environmental damage. 

Current research also tries to determine environmentally friendly replacements (VII-X) for 

the common used catalyst DBTDL and DBTDA.32,33
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Scheme 3: Catalysts for tin replacement. 

Promising compounds contain iron34 (VIII), copper35 (VII), titanium36 (IX) or bismuth37 (X) as 

the metal and occur as oxides, acac complexes, or carboxylates. However, these compounds 

show significant disadvantages due to their interaction with neighboring groups, decreasing 

the reaction rate.38 In addition no acceptable candidate has been found due to issues 

including the catalyst color, their behavior as strong oxidants, or their toxicity. This limits the 

use of these compounds to a smaller set of applications. 
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4.2.2 Organotin catalysts 

Organotin compounds have been extensively investigated for their catalytic activity in PU 

synthesis. The well-established common industrial catalysts are dibutyltin diacetate (DBTDA) 

(XII) and dibutyltin dilaurate (DBTDL) (XI), the working horse catalyst for PU formation. Not 

only does the high activity of DBTDL greatly increase the reaction rate in considerable small 

quantities, it shows particularly good compatibility in all sorts of used systems for PU 

synthesis. In addition, the catalyst reactivity is only marginal influenced by light and 

moisture. 

Scheme 4: Common tin catalysts (DBTDL and DBTDA).

Structurally, in both tin(IV) derivatives, the carboxylate groups are bound through both 

oxygens displaying a bidentate bonding motif leading to a skewed trapezoid bipyramidal 

geometry instead of the usual tetrahedral structure.39–43

Due to the availability of the 5d orbitals in tin, an expansion of the coordination number is 

possible by hypervalent interaction between the tin and the carbonyl oxygen.  

Scheme 5: Proposed structure of DBTDL and DBTDA.

The mechanism of catalyzed polyurethane synthesis by using tin catalysts, is still under 

investigation. Three mechanisms are discussed in literature: Insertion mechanism, 44,45 Ionic 

mechanism,46,47 and the most supported Lewis acid mechanism.48 In the latter, the tin 

compound reacts as a Lewis acid. In the initial step, the carbonyl oxygen is polarized by 
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coordination to the tin center. Consequently, the isocyanate carbon is more electrophilic, as 

a result it can undergo nucleophilic attack by the alcohol. 

Scheme 6: Suggested Lewis acid mechanism.

4.2.3 Aim of Project 

The main problem that occurs by using DBTDL as a catalyst in polyurethane synthesis is the 

leach out effect of the catalyst from the polymer due to weathering. Resulting in a lack of 

chemical bonding of the catalyst within the polymer bulk material. 

Scheme 7: Catalyst leach out of the polymer.

Therefore and due to the mentioned toxicity, DBTDL is partially banned in the EU under 

article (EU-Richtlinie 76/769/EG idgF).49 Our aim is to synthesize organotin derivatives which 

display corresponding catalytic activity as DBTDL, but lack the negative effects associated 

with their use, by introducing aminopropyl side chains into the catalytically active molecules. 
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Due to the success of our working group in preparing monoaminoalkyltin compounds, this 

motivated us to synthesize diaminoalkyltin compounds. 

Scheme 8. Structure typ of our aminoalkyl compounds.50–52

Via these amino groups, the derivatives can be incorporated into the target polymer through 

covalent bonding to avoid a possible leach-out effect. 

Scheme 9: Catalyst incorporation into the polymer. 
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4.3 Synthesis of literature known aminoalkyl tin compounds 

4.3.1 Monoamino trialkyl tin compounds  

One of the first examples of mono aminoalkyl tin derivatives was synthesized by Gilman in 

1955, as a potential cytotoxic reagent.53 Therefore, he reacted Ph3SnLi with -

diethylaminopropylchloride, leading to triphenyl--N,N-diethylaminopropyltin (XIII) by a 

salt-elimination reaction. 

Scheme 10: Synthesis of triphenyl- �-N,N-diethylaminopropyltin. 

To increase the water-solubility, Gilman derivated the nitrogen by converting it with 

methyliodid or dimethylsulfate into a quaternary ammonium salt (XIV).53

Scheme 11: Quartanization of triphenyl- �-N,N-diethylaminopropyltin.

Much more is known in literature about dimethylaminopropyl tin compounds.                       

Triphenyl--N,N-dimethylaminopropyltin (XV) was described by Lequan in 1976.54 Derivate 

(XV) was synthesized via the stannide reaction pathway of Gilman, as well as by using 

dimethylaminopropylmagnesium chloride as building block. Lequan was also the first to 

make a species with different alkyl substituents at the tin center.55
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Scheme 12: Synthesis of triphenyl-�-N,N-dimethylaminopropyltin. 

Jurkschat explored these compounds in the next two decades regarding reactivity, 

coordination behavior and structural chemistry. Jurkschat’s working group also published a 

variety of derivatives with different alkyl and aryl substituents at the tin center.56

Scheme 13: Derivatization of triphenyl-�-N,N-dimethylaminopropyltin. 
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Starting from (XV), halogen derivatives (XVI-XVII and XIX-XX) can be prepared depending on 

the derivatization method. The chlorine (XVI) analogue can be achieved by a Kocheshkov

reaction with one equivalent of Ph2SnCl2. The bromine (XVII) and iodine (XIX) can be isolated 

by reacting (XV) with elemental I2 or Br2. The iodide derivative can then be converted via a 

Finkelstein type reaction to the fluoride (XX). A quarternization of the nitrogen (XXI) is also 

possible by reacting (XV) with etheric HCl. 

Most of these aminoalkyl species were synthesized by a salt elimination reaction. In 2001 

Han showed that these compounds can also be accessed by a hydrostannylation reaction, an 

activated triple bond is reacted with a tin hydride, yielding a E/Z mixture (XXII).57 The mixture 

is then reduced with in statu nascendi hydrazine (XXIII).    

Scheme 14: Hydrostannilation as synthesis strategy to generate aminopropyltin compounds. 

All compounds mentioned before have alkyl groups at the nitrogen. For tin species with two 

hydrogens at the nitrogen center, only a few examples are known in literature. The first 

synthesized derivative was tributyl-aminopropyltin (XXV). In the first step, acryl nitrile 

undergoes a hydrostannilation reaction with tributyltinhydride. Afterwards, the nitrile (XXIV) 

is reduced with LiAlH4 to the corresponding amine (XXV).  

Scheme 15: Hydrostannilation as synthesis strategy to generate aminopropyltin compounds with acidic hydrogens. 
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Another way to achieve this class of compounds was made by Tzschach.58 -aminoethyl tin 

species (XXVI) was synthesized by solving triaryl- or trialkyltinchlorides in liquid ammonia, 

followed by adding two equivalent of sodium. Then 2-chlorethylamine is added to the 

sodiumstannide solution, leading to the product under salt elimination.  

Scheme 16: Synthesis of �-aminoethyl tin species (XXVI) 

The problem of this reaction is that it is limited to 2-chlorethylamine.58 Lengthening the 

carbon chain of the chloralkylamine spacer was without success. Quarternisation of the 

nitrogen leads to decomposition. These compounds undergo a Grob-fragmentation,59 which 

depends on the substituent and already starts at 0°C with elimination of ethene. 

Scheme 17: Mechanism of the Grob-fragmentation. 
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Our working group recently published a synthesis route to gain aminopropyl tin derivatives 

with two hydrogens atoms at the nitrogen. Protecting the chloramine by preparing the 

corresponding chloro imine (XXVII) derivative is necessary to preserve the active amino 

hydrogen successfully circumventing unwanted side reactions.60

Scheme 18: Synthesis route to achieve aminopropyl tin compounds with acidic nitrogen hydrogens.50

In the first step, the alkyl/aryl tin chloride is converted to the tin hydride with LiAlH4. Then 

the stannide is generated by adding LDA, which afterwards is reacted with the chloro imine 

to produce (XXVIII). The imine is then converted to the ammonia chloride (XXIX) by adding 

etheric HCl. The final product (XXX) is obtained by adding KOH/MeOH. Pichler showed a 
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thermal rearrangement of the ammonia chloride (XXXI) is possible.60 Hereby, benzene is 

released and the product (XXXII) is obtained pure in quantitative yield. The product (XXXII) 

then can also be derivatized at the tin center to the fluorine (XXXIII),50 or the carboxylate 

(XXXIV). Also connecting two XXXIIs to the distannane (XXXVII) by adding potassium is 

possible. The amino group can be reconverted to the imine (XXXVI).51,52

Scheme 19: Derivatisation possibilities of compound XXXII 

4.3.2 Diamino dialkyl tin compounds  

All compounds presented thus far have in common that they contain only one aminoalkyl 

group. However, there are also derivatives known with two aminoalkylsubstituents. 

Jurkschat synthesized bis(3-(dimethylaminopropyl))tin dichloride (XXXVII).

Scheme 20: Synthesis of bis(3-(dimethylamino)propyl)tindichloride

Using two equivalents of dimethylaminopropyl magnesium bromide as Grignard reagent, 

(XXXVII) can be obtained by reaction with SnCl4. This compound can be converted to the 
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corresponding alkyl/aryl (XXXVIII) by treating (XXXVII) with organolithium reagents, 

undergoing a salt elimination reaction.  

Scheme 21: Alkyl/arylation of bis(3-(dimethylamino)propyl)tindichloride 

The success in isolating non protected tin mono amino derivatives Et2SnX(CH2)3NH2 (X = F, Cl, 

Br, I, acetate) in this working group has provided motivation for the preparation of the 

diamino analogues. These compounds bear hydrogen atoms instead of alkyl groups at the 

nitrogen atom, to bind the catalyst covalently into the polymer during the synthesis and are 

a promising class of substances for potential water soluble cytotoxic agents62–64 . 

Scheme 22: Target precursor molecule 
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5 Results and Discussion 

5.1 Synthesis of precursor  

Previous reaction routes affording monoaminopropyltin derivatives entailed the synthesis of 

monohydridestannane educts which were then deprotonated with LDA (lithium diisopropyl 

amide).60 However, this route was not advantageous for the synthesis of the 

bis(aminopropyl)tin derivatives due to fact that tin dihydride precursors are much more 

difficult to synthesize and temperature labile, partially polymerizing. Therefore, an 

alternative reaction pathway was employed, using the literature known 

diphenylbis(trimethylsilyl)stannane (Ph2Sn(SiMe3)2).65 This bis(silyl)stannane is more stable 

than the corresponding dihydrides and can be stored for long periods without 

decomposition. Diphenylbis(trimethylsilyl)stannane was desilylated (Scheme 24) using a 

one-pot variation of the well-established cleavage of trimethylsilyl residues with KOtBu.66–68

As already shown by Pichler et al the Cl(CH2)3NH2 cannot be used directly. Instead the chloro 

imine was used. Adopting this procedure,                                                                            

diphenylbis(tbutyliminopropyl)stannane was obtained in very good yield and purity through 

distillation after solvent removal and filtration of the potassium salt byproduct. 

Scheme 23: Generating  diphenylbis(Tbutyliminopropyl)stannane.
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The reaction runs in a multiple step pathway, due to the fact, that dianionic stannides does 

not exist. In the first step, Ph2Sn(TMS)2 is reacted with KOtBU and one of the trimethylsilyl

(TMS) group is cleaved off in a desylilation reaction with Me3SiotBu as a side product . The

resulting nucleophilic potassium stannide is then reacted with the electrophilic 
tbutyliminopropylchloride (XXVII) undergoing a salt-elimination reaction. The remaining TMS

group is also cleaved off in the same way as above resulting in

diphenylbis(tbutyliminopropyl)stannane.

Scheme 24: Multistep mechanism for the cleavage of two trimethylsilyl groups
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In the next step the   aldehyde is remodeved by addition of an exess 0.5 M aqueous 

hydrochloric acid, leading to the corresponding dichlorobis(3-ammoniumchloridepropyl)-

stannane. At the same time the tin-phenyl bonds are cleaved. 

Scheme 25: Treating diphenylbis(tbutyliminopropyl)stannane with HCl/H2O. 

By adding a 12 M aqueous hydrochloric acid, instead of obtaining dichlorodi-(3- 

ammoniumchloridepropyl)stannane, an overchlorination  takes place, leading to  

bis(ammoniapropyl)tetrachlorostannate (1). 

Scheme 26: Treating diphenylbis(tbutyliminopropyl)stannane with HCl/H2O. 
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Scheme 27: Synthesis of the bromo derivate (2).

In a similar way diphenylbis(3-aminopropyl)stannane  can be converted to the bromine 

derivate of (2), by adding conc. HBr/H2O. By adding HBr/H2O to dichlorobis(3-

aminopropyl)stannane, a chlorine/bromine  halogen exchange takes place. 
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Figure 1: a) Crystal bis(propylammonia)tetrachlorostannate (2). b) Crystal bis(propylammoniatetrabromostannate (2). All 
non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity.

Suitable crystals of (1) and (2) for x-ray diffraction were obtained from recrystallization from 

H2O. Both show an octahedral geometry, where four halogen atoms surrounding the tin 

center in the axial plane. The 3-aminopropyl moieties change from a cis-configuration into a 

trans-configuration. This behavior is similar to the in literature known anion di(butyl)-

tetrachlorostannate69 and di(methyl)-tetrabromostannate.70–73 In contrast to these 

compounds, which have a counter cation to balance the charges, (1 & 2) show a betaine 

structure. Due to protonation of the amine, no lone pair is available for hypervalent 

interaction between nitrogen and tin center. Refluxing this reaction over a few hours, leads 

also to Sn-C bond cleavage, resulting in SnBr6 and two equivalents of +H3N(CH2)3Br (3). H-Br 

interactions ranging from 2.82-3.12 Å are observed between the amine hydrogens and 

bromines. This side product can be circumvented by controlling the reaction conditions.

a) b) 
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Scheme 28: Refluxing Ph2SnA2 wit HBr/H2O. 

Figure 2: Crystal structure of (3). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for 
clarity.

To obtain the desired product, dichlorobis(3-ammoniumchloridepropyl)stannane is treated 

with two equivalents of KOH/MeOH (Scheme 29). As a side product, KCl is produced. The 

main drawback of this synthetic route is the same solubility of main and side product giving 

rise to problems with compound separation. 

Scheme 29: Converting the ammonium chloride into the amine with MeOH/KOH. 

The only way to separate the compounds is by sublimation. However, this is time consuming 

and only very small yields can be obtained. Therefore, an alternative way to obtain the 

dichlorobis(3-ammoniumchloridepropyl)stannane starting material had to be designed.  
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Scheme 30: Converting the imine to the corresponding ammonium chloride with HCl/Et2O. 

An alternative method is to convert the imine to the corresponding ammonium chloride 

derivative. The deprotection was easily achieved by using diluted aqueous solutions of HCl in 

equimolar amounts. Diphenylbis(tbutyliminopropyl)stannane was then hydrolyzed, and the 

liberated aldehyde was removed together with the water under vacuum. The labile Sn–C 

bond remains untouched under these conditions and leads to an almost quantitative 

isolation of diphenyldi(3-ammoniumchloridepropyl)stannane (4) as an amorphous solid . 

Crystallization was achieved in a mixture of methanol/water. The obtained structure shows 

an expected tetrahedral structure, without hypervalent interactions (Figure 3) 

Figure 3: Crystal structure of diphenyldi(propyl-3-ammoniumchloride)stannane (4). All non-carbon atoms shown as 30% 
shaded ellipsoids. Hydrogen atoms removed for clarity. 

Diphenylbis(3-ammoniumchloridepropyl)stannane (4) was then converted into                               

the dichlorobis(3-aminopropyl)stannane via a thermally induced intramolecular proto-

dearylation reaction (Scheme 29). 
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Scheme 31: Thermal rearrangement of (4) to dichlorobis(3-aminopropyl)stannane. 

A TGA/DSC-MS measurement was first conducted to establish the optimal reaction 

temperature in order to avoid Grob fragmentation. According to this measurement, the first 

phenyl ring was liberated as benzene at around 190 °C and the second phenyl ring at around 

225 °C. At 260 °C, no phenyl groups were observed, however, decomposition of the target 

molecule begins at 240 °C. Therefore, a heating temperature of 235 °C was chosen for the 

preparative synthesis of dichlorobis(3-aminopropyl)stannane (Scheme 31). After 1 h of 

heating, dichlorobis(3-aminopropyl)stannane was obtained as a solid and recrystallized out 

of methanol. Sequencing reactions have to be performed in methanol or water, due to the 

low solubility of dichlorobis(3-aminopropyl)stannane in organic solvents.  
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5.2 Synthesis of tin dicarboxy compounds  

In previous work conversion of the carboxyl acid into the carboxylate was done by weighting 

the equimolar amount of potassium, and solving it in methanol to generate potassium 

methanolate, followed by adding the carboxylic acid to obtain the carboxylate. This way is 

very time consuming, and also includes with handing of harmful chemicals, such as 

potassium. An easier and safer route is by taking commercially available NaOMe, dissolving 

in methanol and adding the carboxylic acid in equimolar amounts (Scheme 32).

Scheme 32: Overview fs all used carboxylic acid and the synthesis route to carboxylates. 
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Depending on the nature of the carboxylic acid, the solution was refluxed untill all the educts 

went into solution. This was done for carboxylic acids with long alkyl chains (6, 7) due to 

their lipophilic behaviour.  

We have chosen structurally and chemically different carboxylic acids (Scheme 30). Starting 

from the shortest carboxylic acid (5) with C1, to acetic acid with C2, up to lauric acid (6) C12 

and stearic acid (7) C18. 

Also, the perfluorinated analogues  trifluoracetic acid (8) C2 and the longer perfluoro-n-

nonanoic acid C9 were used to observe if they differ in their catalytic activity  in comparison 

to the  non-fluorinated ones. Also, cycloalkyl systems with different ring strains, starting 

from the highly strained cyclopropanecarboxylic (13) (27.5 kcal/mol) and 

cyclobutanecarboxylic acid (14) (26.3 kcal/mol) to the lower strained cyclopentanecarboxylic 

(15) (6.2kcal/mol) and the strainless cyclohexanecarboxylic acid (16)  (0.1 kcal/mol) were 

studied.74 Furthermore, aromatic system like the simplest six membered ring benzoic acid 

was investigated. Also, aromatic ring systems with introduced hetero atoms inside the ring 

(11) and outside the ring (12) were considered. 

Dichlorobis(3-aminopropyl)stannane was then converted into the corresponding 

biscarboxylbis(3-aminopropyl)stannane via a salt metathesis reaction by adding 

dichlorobis(3-aminopropyl)stannane to the alkali carboxylate salt in methanol. The solvent 

was removed under vacuum, the residue suspended in THF and filtered through a PTFE 

syringe filter.  Afterwards, the solvent was completely removed under vacuum. Depending 

on the carboxylate residue, different solvents were used to obtain crystals. 

Scheme 33: Synthesis of dicarboxylates by salt elimination. 

X-ray structures reveals, depending on the R group, the tin center can display a six- or seven-

membered coordination sphere (chapter 5.3).  
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The six- or seven-membered coordination sphere can only be observed in the solide state.  In 

solution 119Sn-NMR measurements showed that all compounds are in a range of -293 ppm to                

-341.4 ppm.  

Table 1: 119Sn-NMR shift of dicarboxy tin compounds  

Compounds 119Sn NMR (CDCl3',112 MHz) in ppm
Bis(formate)-bis(3-aminopropyl)stannane (5) -293 
Bis(acetate)-bis(3-aminopropyl)stannane60 -330.2
Bis(laurate)-bis(3-aminopropyl)stannane (6) -330.1
Bis(stereate)-bis(3-aminopropyl)stannane (7) -336.5 
Bis(benzylcarboxyl)-bis(3-aminopropyl)stannane (10) -328.2 
Bis-(4-pyribisnecarboxyl)-bis(3-aminopropyl)stannane (11) -334 
Bis(p-fluorbenzylcarboxyl)-bis(3-aminopropyl)stannane (12) -341.4 
Bis(cyclopropylcarboxyl)-bis(3-aminopropyl)stannane (13) -326 
Bis(cyclobutylcarboxyl)-bis(3-aminopropyl)stannane (14) -310 
Bis(cycopentylcarboxyl)-bis(3-aminopropyl)stannane (15) -315.9 
Bis(cyclohexylcarboxyl)-bis3-aminopropyl)stannane (16) -321.3 
Bis(adamantylcarboxyl)-bis3-aminopropyl)stannane (17) -327.3

Table 2: 13C-NMR shift of 3-aminopropyl substituents of all dicarboxy tin compounds. 

13C NMR (CDCl3, 75.5 MHz MHz) in ppm
Sn-CH2 -CH2- -CH2-NH2

Compounds [2J(13C-119Sn) in Hz] [3J(13C-119Sn) in Hz]
Bis(formate)-bis(3-aminopropyl)stannane (5) 19.2 23.5 [52] 39 [72]
Bis(acetate)-bis(3-aminopropyl)stannane60 20.5 23.6 [54] 40.4 [70]
Bis(laurate)-bis(3-aminopropyl)stannane (6) 20.0 23.9 [55] 39.9 [68]
Bis(stereate)-bis(3-aminopropyl)stannane (7) 20.3 24.1 [52] 40.1 [71]
Bis(benzylcarboxyl)-bis(3-aminopropyl)stannane (10) 20.2 25.1 [53] 40.9 [74]
Bis-(4-pyribisnecarboxyl)-bis(3-aminopropyl)stannane (11) 20.3 24.1 [53] 40.2 [71]
Bis(p-fluorbenzylcarboxyl)-bis(3-aminopropyl)stannane (12) 20.2 24.2 [52] 40.9 [74]
Bis(cyclopropylcarboxyl)-bis(3-aminopropyl)stannane (13) 20.1 24 [54] 40.2 [73]
Bis(cyclobutylcarboxyl)-bis(3-aminopropyl)stannane (14) 19.8 24.1 [53] 40.1 [70]
Bis(cycopentylcarboxyl)-bis(3-aminopropyl)stannane (15) 21 24.2 [50] 40.4 [72]
Bis(cyclohexylcarboxyl)-bis3-aminopropyl)stannane (16) 20.6 23.9 [53] 40.2 [70]
Bis(adamantylcarboxyl)-bis3-aminopropyl)stannane (17) 20 24.5[54] 40.1[72]
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Furthermore the 13C and 1H NMR chemical shifts in solution are in the expected range. The                           

Sn-CH2CH2CH2NH2 carbon shows a brought signal with a full wide at half maximum of 

approximately 16 Hz. In addition the 1J(13C-119Sn) coupling constant, which can be expected 

in a range of 500 Hz,74 is not observed. For the Sn-CH2CH2CH2NH2 carbon, all shifts for the 

compounds 5-16 are in a range from 23.4 to 24.3 ppm with a 2J(13C-119Sn) coupling constant 

of 51-54 Hz.  The Sn-CH2CH2CH2-NH2 signal can be found between 39 - 41 ppm with a 
3J(13C-119Sn) coupling constant of 69.6 - 74 Hz. The amine hydrogens show a broad singlet in 

a range from 3.15 to 3.39 ppm. This signal cannot be detected in deuterated protic solvents 

such as d4-MeOH and D2O due to exchange processes between the amine hydrogens and the 

deuteriums of the solvent. Summarized, it can be said, that no correlation between the solid 

state structure modes and the coordination mode in solution can be identified. 
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5.3 Bonding situation in the solid state 

The variety of bonding modes available to carboxylate anions in the solid state of organotin 

dicarboxylates is quite diverse and well-established (Scheme 34). These varied structural 

motifs are possible due to the ability of tin to have valency requirements satisfied by four 

bonds, but additionally the capacity of the Lewis acidic tin centers to increase their 

coordination numbers by intra- and/or intermolecular hypervalent interactions, 75 allowing 

coordination numbers up to 7 in organotin carboxylates. In literature, the most common 

bonding motif for the carboxylate substituent in diorganotin dicarboxylates involves bonding 

of the central tin atom through both oxygen atoms in a bidentate fashion (Scheme 34 C), 

resulting in a delocalized system. In some cases, the carbonyl oxygen is only weakly 

interacting with the central tin atom (Scheme 34 B).76–78Also in some cases there is no 

interaction between the carbonyl and the tin center. (Scheme 34 A).79,80 Finally, the carbonyl 

oxygen on the carboxylate substituent can also bridge neighboring tin atoms (Scheme 34 D, 

E) forming oligo- and polymeric species. The propensity towards a particular bonding mode 

is dependent on several factors including the nature of the carboxylic acid, stoichiometry of 

reactants, but most importantly, the number and nature of the organo substituents on the 

tin atom.81,82 In other words, the steric contribution from the organo substituent onto the Sn 

atom has a marked effect on the type of coordination mode presented.  

Scheme 34: Possible structural motifs for organotin(IV) esters of caroboxylic acids.



Results and Discussion  

  35 

However, a not so well established binding mode of the carboxylic substituents (Scheme 

33A) is the monodentate mode, where only one oxygen is bound to the tin center and no 

interaction from the carbonyl oxygen to either the central or neighboring tin atom is 

observed. This mode is prevalent in cases where, in addition to the electronic contribution 

afforded by the carboxylate substituents, the coordinating organo substituents offer 

significant intramolecular contact through atoms within the substituent itself or steric 

saturation to the central tin atom effectively circumventing oligo- or polymerization. These 

compounds include di- and triorganotin(IV) compounds containing the 2-(N,N-

dimethylaminomethyl)phenyl group as a C,N-chelating subsitiuent.83,84 All compounds of this 

type reveal significant intramolecular contact between tin and nitrogen and a monodentate 

bonding mode of the carboxylate substituents is observed. By the chelating ligand effectively 

saturating the metal center, the carbonyl oxygen from the carboxylic substituent is not 

capable of binding to the central tin atom.  

In the interest of expanding the list of diorgano substituted dicarboxylates exhibiting organo 

substituents with intramolecular chelating effects, a series of diaminopropyltin compounds 

were characterized with single crystal X-ray diffraction. These compounds exhibit carboxylic 

acids with a wide variety organic groups ranging from short to long chains, alkanes, 

cycloalkanes, aromatic rings, fluorinated chains, and functionalized benzyls. The effects of 

the nature of the carboxylic acid on the central tin atom geometry including the observed 

carboxylic bonding mode will be presented. In addition, the effects of the nature of the 

carboxylic acid on the packing effects of these molecules and the secondary electrostatic 

interactions present in the extended solid state will be highlighted and discussed.  



Results and Discussion  

  36 

5.3.1 Diaminopropyltin Dicarboxylates 

All presented diaminopropyltin dicarboxylates, (RCOO)2Sn((CH2)3NH2)2, (Scheme 35) 

exclusively display trans coordination of the carboxylic substituent, despite exhibiting 

various carboxylic bonding motifs depending on the nature of the carboxylate used. These 

will be compared and contrasted based on the coordination modes exhibited by the 

carboxylic substituents. In each case, the chelating aminopropyl substituent displays close 

Sn—N dative bonds between the tin metal center and the deprotected amine and 

coordintates to the sin center in the equatorial plane. In addition, the deprotected amine is 

involved in hydrogen bonding in the solid state giving rise to interesting packing 

arrangements which will be described in detail below. 

Scheme 35: Coordination modes 6, 6.5, 7. 

Scheme 36: Overview of all used carboxylic acid. 

C) A) B) 
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5.3.2 Diaminopropyltin Monodentate Dicarboxylates – Coordination Number 6 

Compounds formate2SnA2 (5) (A = -(CH2)3NH2), laurate2SnA2 (6), stearate2SnA2 (7), 

trifluoroacetate2SnA2 (8), perfluorononanoate2SnA2 (9), benzoate2SnA2 (10), p-

fluorobenzoate2SnA2 (12), cyclopentanecarboxylate2SnA2  (15), cyclohexanecarboxylate2SnA2  

(16), and adamantanecarboxylate2SnA2  (17) all crystallize in a near octahedral geometry 

(Scheme 35A, Table 3) with the dicarboxylate substituents coordinating in a trans

configuration with a monodentate bonding mode (Scheme 35A).  With respect to Sn–O 

bonds, these fall within an expected range of 2.18 – 2.25 Å and are dependent more on the 

potential electronic withdrawing nature of the carboxylate ligand than that of its relative 

bulkiness. This is observed for the fluorinated carboxylic acids in trifluoroacetate2SnA2 (8) 

and perfluorononanoate2SnA2 (9), which show the longest Sn–O bonds of 2.246(13) and 

2.248(10) Å respectively, as compared to the large adamantane organic group in 

adamantanecarboxylate2SnA2 (17), which curiously has the shortest Sn–O bond of 2.182(2) 

Å. Accordingly with a monodentate bonding mode, the carbonyl oxygen for all monodentate 

diaminopropyltin dicarboxylates is at a distance above that of an interaction between 

oxygen and the Sn central atom, falling within the range of 3.29 – 3.56 Å. Nonetheless, a 

degree of electron delocalization is observed in the COO- moiety of the carboxylate ligand 

with an averaged difference between bound and free C–O bond lengths of 0.05 Å. The 

closest to double bond nature in the carboxylic moiety is found in perfluorononanoate2SnA2

(9) with a C–O bond distance of 1.17(2) Å. This is also the carboxylic substituent with one of 

the lowest pKa of its corresponding acid (Perfluorononanoic acid, pKa = 0)85,86 along with

trifluoroacetate2SnA2 (8) (Trifluoroacetic acid, pKa = -0.25).87 All other corresponding 

carboxylic acids used range in pKa from 3.77 – 5.3.85–91 Despite this delocalized nature of the 

carboxylic moiety, no interaction between the carbonyl oxygen with a Sn atom of a 

neighboring molecule is observed, rather close hydrogen bonds between neighboring NH2

moieties (N–H∙∙∙O) and the carbonyl oxygen are preferred in the extended solid state. With 

respect to Sn–C bonds, these fall within such a narrow range (2.13 – 2.15 Å), that statements 

related to steric or electronic effects of the carboxylic substituents on this bond cannot be 

stated.
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Scheme 37: Near octahedral geometry coordinating in a trans configuration with a monodentate bonding mode 
Monodentate Diaminopropyltin Dicarboxylates. 

Seemingly, bidentate coordination from the carboxylate substituents for these compounds is 

directly prevented by the chelating ability of the aminopropyl substituent which displays 

close Sn∙∙∙N dative bonds to the tin center (Table 3). These Sn∙∙∙N interactions range from 

2.28 – 2.32 Å and fall within expected ranges for previously reported diaminopropyltin 

species with Sn∙∙∙N dative bond lengths of 2.292(2) Å in acetate2SnA2 and 2.326(4) Å in

Cl2SnA2. These chelating substituents arrange themselves in the equatorial position around 

the tin atom effectively saturating the metal center, allowing for symmetrical and ideal 

octahedral geometry in nearly all monodentate diaminopropyltin dicarboxylates with all C–

Sn–C, N–Sn–N, O–Sn–O angles being close to 180°, with the largest deviation observed for 

trifluoroacetate2SnA2 (8). The trans configuration for the diaminopropyltin dicarboxylates is 

in stark contrast to the diorganotin dicarboxylates containing the 2-(N,N-

dimethylaminomethyl)phenyl group as a C,N-chelating substituent which arrange 

themselves in a cis motif with exclusive monodentate binding of the carboxylate (Table 3). 

This preferred cis coordination is due to the sterically encumbered 2-(N,N-

dimethylaminomethyl)phenyl not being able to comfortably lie in the equatorial plane. 

Trifluoroacetate2SnA*
2 and ferrocenoate2SnA*

2 (A*= -Ph(CH2) NMe2 ) (Scheme 38) display on 

average shorter Sn–O bonds, 2.194(3) Å and 2.202(4) Å respectively, than that for the 

aminopropyl substituted tin dicarboxylates (2.18 – 2.25 Å).83,84
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Scheme 38: Structure of ferrocenoate2SnA*
2 (A*= -Ph(CH2NMe2)83,84

Also, shorter Sn–C bonds, 2.115(3) Å and 2.125(3) Å, are observed as compared to the 

diaminopropyltin derivatives (2.13 – 2.15 Å). However, the protecting methyl groups on the 

nitrogen in the 2-(N,N-dimethylaminomethyl)phenyl substituent cause an elongation of the 

Sn∙∙∙N dative bond in trifluoroacetate2SnA*
2 (2.511(3) Å) and ferrocenoate2SnA*

2 (2.579(5) Å)

as compared to the range of Sn∙∙∙N interactions in the diaminopropyltin derivatives (2.28 –

2.32 Å).

As discussed, the nature of the carboxylic acid has some small effects on the geometry 

around the central tin atom. However, more obvious differences can be observed when 

comparing the organic groups on the carboxylic acid and how their characteristics affect 

their orientation respective to the tin atom. First, no appreciable differences can be 

observed between functionalization the chains through fluorination as observed in 

acetate2SnA2 (Figure 7a) and its fluorinated counterpart, trifluoroacetate2SnA2 (8) (Figure 7b) 

and benzoate2SnA2 (10) (Figure 8a), and its fluorinated derivative p-fluorobenzoate2SnA2 (12) 

(Figure 8b). 
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Figure 4: a) Crystal structure of acetate2SnA2.60 b) Crystal structure of trifluoroacetate2SnA2 (8). All non-carbon atoms 
shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. 

Figure 5:   a) Crystal structure of benzoate2SnA2 (10). b) Crystal structure of p-fluorobenzoate2SnA2 (12). All non-carbon 
atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. 

However, If comparing the compounds with organic groups comprised of alkyl chains, 

laurate2SnA2 (6), stearate2SnA2 (7), and perfluorononanoate2SnA2 (9), we can see that chain 

a)

a)

b) 

b) 
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length has an effect on the molecular geometry. Both laurate2SnA2 (6) and 

perfluorononanoate2SnA2 (9) derivatives show the alkyl chains in the carboxylate 

substituents in a Z conformation (Figure 6a, b), with the alkyl chain almost perpendicular to 

the plane of the Sn–O bond with averaged torsion angles (O1–Ci–Cα–Cß) of 85.16° and 

102.57°, respectively. This is in stark contrast to stearate2SnA2 (7) which display the alkyl 

chains in a linear conformation (Figure 6c) in plane with the Sn–O bond with an averaged 

torsion angle (O1–Ci–Cα–Cß) of 171.93°. This linear conformation of the stearate chain is quite 

remarkable due to the fact that despite having the longest chain length, which should have 

the highest degree of freedom through the carbons in the chain, manages to remain 

relatively linear. While all bond lengths and angles for both the laurate2SnA2 (6) and 

stearate2SnA2 (7) derivatives are quite similar, the difference in alkyl chain orientation can be 

better addressed upon considering the extended solid state. These differences are 

highlighted and discussed below (5.4 extended structures). 
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Figure 6: a) Crystal structure of laurate2SnA2 (6).  b) Crystal structure of perfluorononanoate2SnA2 (9) c) Crystal 
structure of stearate2SnA2 (7). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms 

removed for clarity. 

a)

b)

c) a)
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Between cyclopentanecarboxylate2SnA2 (15) (Figure 7a), cyclohexanecarboxylate2SnA2 (16) 

(Figure 7b), and adamantanecarboxylate2SnA2 (17) (Figure 7c) which contain cycloalkane 

organic groups on the carboxylate substituents, a similar discrepancy in torsion angles can 

also be observed. The smaller cycloalkane in cyclopentanecarboxylate2SnA2 (15) also results 

in a Z conformation of the ring relative to the plane of the Sn–O bond with an averaged 

torsion angle (O1–Ci–Cα–Cß) of 103.65°, while cyclohexanecarboxylate2SnA2 (16) and 

adamantanecarboxylate2SnA2 (17) show torsion angles closer to linear orientations with 

averaged torsion angle (O1–Ci–Cα–Cß) of 147.27° and 167.33°, respectively. Finally, both 

benzoate2SnA2 (10) and p-fluorobenzoate2SnA2 (12) (Figure 8a, b) show linear orientations 

with averaged torsion angles (O1–Ci–Cα–Cß) of 178.36° and 175.01°, respectively.

Figure 7: a) Crystal structure of cyclopentanecarboxylate2SnA2 (15). b) Crystal structure of cyclohexanecarboxylate2SnA2 
(16). c) Crystal structure of adamantanecarboxylate2SnA2 (17). All non-carbon atoms shown as 30% shaded ellipsoids. 

Hydrogen atoms removed for clarity. 

a) b) a) c) 
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5.3.3 Mixed Diaminopropyltin Dicarboxylates –Coordination Number 7 

Compounds isonicotinate2SnA2 (11), cyclopropanecarboxylate2SnA2 (13), and 

cyclobutanecarboxylate2SnA2 (14) all crystallize in a pseudo octahedral geometry (Scheme 

35A, Table 4) with the dicarboxylate substituents coordinating in a trans configuration as 

was observed with the  monodentate diaminopropyltin dicarboxylates. However, in the case 

of isonicotinate2SnA (11), cyclopropanecarboxylate2SnA2 (13), and 

cyclobutanecarboxylate2SnA2 (14), mixed coordination modes of the carboxylic substituents 

is observed, where one substituent is coordinated through only one oxygen atom to the 

central tin atom (Scheme 34B), while the second carboxylate substituent displays  bidentate 

coordination to the tin atom (Scheme 35C). This results in an overall increase in the formal 

coordination number around the tin atom from 6 in the monodentate diaminopropyltin 

dicarboxylates to 7 in isonicotinate2SnA2 (11) (Figure 8c), cyclopropanecarboxylate2SnA2 (13) 

(Figure 8a), and cyclobutanecarboxylate2SnA2 (14) (Figure 8b). 

Figure 8: a)  Crystal structure of cyclopropanecarboxylate2SnA2 (13). b) Crystal structure of cyclobutanecarboxylate2SnA2
(14) .c) Crystal structure of isonicotinate2SnA2  (11). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen 

atoms removed for clarity. 

c)b)a)
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Scheme 39: pseudo octahedral geometry coordinating in a trans configuration with both mono- and bidentate bonding 
mode in mixed dentate Diaminopropyltin Dicarboxylates 

With respect to Sn–C bonds, these fall within the same narrow range (2.13 – 2.15 Å) as was 

observed for the monodentate dicarboxylates derivatives, thus, statements related to steric 

or electronic effects of the carboxylic substituents on this bond cannot be stated. However, 

as expected, the Sn–O bonds corresponding to the bidentate carboxylic substituents are on 

average longer (2.45 Å) than that for the monodentate Sn–O bonds in either the 

monodentate carboxylate substituents of the 6 coordinate (2.18 Å) or 7 coordinate (2.23 Å) 

derivatives. This is consistent with a higher degree of electron delocalization in the COO-

moiety in the bidentate ligand and also consistent with a higher coordination number 

around the central tin atom. Nonetheless, as was observed in the monodentate 

dicarboxylates derivatives, a degree of electron delocalization is observed in both the mono-

and bidentate COO- moieties of the carboxylates with an averaged difference between 

bound and free C–O bond lengths of 0.04 Å in the monodentate carboxylate and between 

the bidentate C–O bond lengths of 0.02 Å. No pKa effects on the binding of the carboxylic 

substituents were observed as all the corresponding acids of the three compounds 

isonicotinate2SnA2 (11) (isonicotinic acid, pKa = 4.58), cyclopropanecarboxylate2SnA2 (13) 

(cyclopropanecarboxylic acid, pKa = 4.78), and cyclobutanecarboxylate2SnA2 (14) 

(cyclobutanecarboxylic acid, pKa = 4.80) have similar values. 85–91 In addition, the carbonyl 

oxygen for all the mixed dentate diaminopropyltin dicarboxylates are also at a distance 

above that of an interaction between oxygen and the Sn central atom, falling within the 
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range of 3.55 – 3.68 Å. These are on average longer than distances found for the 

monodentate diaminopropyltin dicarboxylates (3.29 – 3.56 Å). Despite this delocalized 

nature of the carboxylic moiety, no interaction between the carbonyl oxygen with a Sn atom 

of a neighboring molecule is observed, rather close hydrogen bonds between neighboring 

NH2 moieties (N–H∙∙∙O) and the carbonyl oxygen are preferred in the extended solid state.

In accordance with the increased coordination number, the mixed dentate diaminopropyltin 

dicarboxylates show longer Sn∙∙∙N dative bond lengths, as compared to the monodentate 

derivatives with averaged Sn∙∙∙N dative bond lengths of 2.321 Å in isonicotinate2SnA2 (11), 

2.331 Å in cyclopropanecarboxylate2SnA2 (13), and 2.342 Å in and 

cyclobutanecarboxylate2SnA2 (14) (Figure 11b). Despite these chelating substituents 

arranging themselves in the equatorial position around the tin atom effectively saturating 

the metal center, the bidentate carboxylate substituent forces a pseudo octahedral 

geometry in all mixed dentate diaminopropyltin dicarboxylates in contrast to the near 

perfect octahedral environment for tin found in the monodentate diaminopropyltin 

dicarboxylates. In the mixed dentate diaminopropyltin dicarboxylates, while the C–Sn–C 

angles show the highest degree of linearity with C–Sn–C angles of 176.9(4)° in 

isonicotinate2SnA2 (11), 177.1(2)° in cyclopropanecarboxylate2SnA2 (13), and 175.45(8)° in 

cyclobutanecarboxylate2SnA2 (14). However, deviations from ideal octahedral geometry 

begin to arise with respect to the chelating aminopropyl moiety with 

compounds isonicotinate2SnA2 (11), cyclopropanecarboxylate2SnA2 (13), and 

cyclobutanecarboxylate2SnA2 (14) displaying N–Sn–N angles of 158.7(3)°, 160.81(17)°, and 

158.28(6)°, respectively. These deviations result in the aminopropyl substituent puckering 

towards the monodentate substituent as a result of the higher steric contribution provided 

by the bidentate carboxylate substituent and the resulting higher coordination number on 

the Sn. Accordingly, with the nonsymmetrical O–Sn–O angles as a result of the mixed 

dentate bonding modes, these show the largest deviations from octahedral geometry with 

angles ranging from 144.4(2)° – 161.3(2)°.
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5.3.4 Mixed Diaminopropyltin Dicarboxylate – Coordination Number 6.5 

Due to the unique bonding situation in formate2SnA2 (5), it is described separately. This 

compound crystallizes in a pseudo octahedral geometry with the dicarboxylate substituents 

coordinating in a trans configuration as was observed with the monodentate 

diaminopropyltin dicarboxylates. However, mixed coordination modes of the carboxylic 

substituents is observed, where one substituent is coordinated through only one oxygen 

atom to the central tin atom (Scheme 35A). In contrast to the Mixed Mono- and Bidentate 

Diaminopropyltin Dicarboxylates, the second carboxylate substituent displays a much 

weaker bidentate coordination to the tin atom (Scheme 39) resulting from a longer carbonyl 

oxygen to tin bond length of 2.712(11) Å as compared to the averaged Sn–O bond length of 

2.45 Å for isonicotinate2SnA2 (11), cyclopropanecarboxylate2SnA2 (13), and 

cyclobutanecarboxylate2SnA2 (14). This can then be better described as a pseudo bidentate 

coordination mode through a Sn∙∙∙O dative bond between the carbonyl oxygen and the tin 

atom (Scheme 35B). 

Scheme 40: a) Mixed Mono- and Pseudo Bidentate Diaminopropyltin Dicarboxylate – Coordination Number 6.5 pseudo 
octahedral geometry coordinating in a trans configuration with both mono- and bidentate bonding mode in mixed 

dentate Diaminopropyltin Dicarboxylates. b) Crystal structure of formate2SnA2 (5). All non-carbon atoms shown as 30% 
shaded ellipsoids. Hydrogen atoms removed for clarity. 
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Only a few other diorganotin dicarboxylates were shown to have such a weak Sn–O 

bidentate bond length ranging from 2.71–2.81 Å.92–95 However, these cannot be compared 

directly to formate2SnA2 (5) due to vastly different organosubstituents and carboxylic 

substituents between compounds. Nevertheless, all other bond lengths and angles for 

formate2SnA2 (5) (Scheme 40) fall within expected ranges (Table 4). Also, no pKa effects on 

the binding of the formate substituents were observed as the pKa of the corresponding acid 

of formate2SnA2 (5) (formic acid, pKa = 3.77) is similar to all other carboxylic acids presented, 

ranging in pKa from 3.77 – 5.3. In addition, the carbonyl oxygen in formate2SnA2 (5) is at a 

distance of 3.46 Å. Also, no interaction between the carbonyl oxygen with a tin atom of a 

neighboring molecule is observed, rather close hydrogen bonds between neighboring NH2

moieties (N–H∙∙∙O) and the carbonyl oxygen are preferred in the extended solid state.

5.3.5 Aminopropyltin Bidentate Dicarboxylate – Coordination Number 6 

Compound laurate2
npropylSnA (18) (figure 13) crystallizes in a distorted trigonal bipyramidal 

geometry with the nitrogen from the chelating aminopropyltin and the bidentate 

carboxylate substituents in the basal plane. In contrast to all other species discussed, both 

the carboxylate substituents bind to the tin atom in a bidentate fashion (Scheme 35B) and 

are in a cis configuration, resulting from the substitution of an aminopropyl substituent by 

an npropyl organosubstituent (Table 3). A slight deviation in bond lengths in 

laurate2
npropylSnA (18) as compared to all other presented compounds is related to the Sn–

C bond lengths of the different organosubstituents. The Sn-C bond length for the 

aminopropyl substituent falls within expected ranges with a distance of 2.124(13) Å. A 

slightly longer Sn–C bond length is observed for the npropyl with a bond length of 2.183(16). 

All other bond lengths are within expected ranges. Curiously, one of the alkyl chains remains 

in the plane of the carboxylate moiety and the tin atom, while the other is perpendicular to 

the basal plane (91.2°). 
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Figure 9:  Crystal structure of laurate2
npropylSnA (18). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen 

atoms removed for clarity.

As mentioned above, despite all monodentate diaminopropyltin dicarboxylates displaying 

trans coordination of the carboxylate substituents, marked differences can be observed in 

the orientation of the organic group of these substituents in the molecular structure 

depending on their nature i.e. chain length, alkyl or aryl, functionalization, conjugation and 

fluorination. In addition, the nature of these organic groups on the carboxylate substituents 

has a direct consequence on the packing effects and the intermolecular interactions these 

molecules use to optimize their arrangement in the extended solid state.
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5.4 Extended structures 

As mentioned above, despite all monodentate diaminopropyltin dicarboxylates displaying 

trans coordination of the carboxylate substituents, marked differences can be observed in 

the orientation of the organic group of these substituents in the molecular structure 

depending on their nature i.e. chain length, alkyl or aryl, functionalization, conjugation and 

fluorination. In addition, the nature of these organic groups on the carboxylate substituents 

has a direct consequence on the packing effects and the intermolecular interactions these 

molecules use to optimize their arrangement in the extended solid state. These include a 

variety of hydrogen bonding interactions (C/NH···O),96–101 electrostatic non-covalent 

intermolecular interactions102–105 in the form of π-stacking stemming from the aromatic 

substituents and van der Waals contacts106,107 from the halogenide substituent and adjacent 

hydrogens, CH···F. While individually these are weak interactions, combined they offer an 

overall stabilizing effect to these molecules in the solid state and aid in their crystallization. 

All presented compounds display NH···O hydrogen bonds between the hydrogens from the 

amino group and the oxygens from the carboxylate substituents of a neighboring molecule. 

While through the aid of these interactions discrete orientations in the solid state are 

observed, not all compounds display the same degree of dimensionality. The degree of 

propagation is then more dependent on the nature of the substituent i.e. chain length, alkyl 

or aryl, functionalization, conjugation and fluorination and the additional interactions that 

these substituents can provide. The three main types of network propagation for the 

monodentate diaminopropyltin dicarboxylates will be described below and the additional 

interactions present will be highlighted and discussed.
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5.4.1 1D Chains 

The simplest method that these monodentate diaminopropyltin dicarboxylates propagate in 

the extended solid state is through NH···O hydrogen bonds between the amino group and 

the carbonyl oxygen from the carboxylate substituents of a neighboring molecule creating a 

1D chain. This motif is adopted by compounds cyclohexanecarboxylate2SnA2 (16) (2.06 – 2.18 

Å) and adamantanecarboxylate2SnA2 (17) (2.08 – 2.20 Å) (Figure 10) where no other 

interactions between the chains is observed.

Figure 10: Crystal packing diagram for adamantanecarboxylate2SnA2 (17). N�H···O hydrogen bonds highlighted by dashed 

bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in intermolecular 

interactions removed for clarity.
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5.4.2 2D Sheets 

While in 1D chains the NH···O hydrogen bonds are exclusively found between the amino 

group and the carbonyl oxygen from the carboxylate substituents of a neighboring molecule, 

additional NH···O hydrogen bonds arising between the carbonyl as well as the metal bound 

carboxylate oxygen allows for propagation of molecules in a continuous plane. These sheets 

can also be propagated by CH···O interactions arising from the organic substituent and 

even van der Waals contacts from the halogenide substituent and adjacent fluorides, CH···F 

depending on the nature of the substituent and bonding motif of the carboxylate moiety. 

However, no interaction between these sheets is observed resulting in 2D networks.In the 

case of formate2SnA2 (5) (Figure 11), all hydrogens from the amino moieties are involved in 

NH···O hydrogen bonding with either the carbonyl oxygen or the metal bound oxygen from 

the carboxylate substituent (2.13 – 2.45 Å). This bonding motif is also observed for

acetate2SnA2. No interaction is observed from the hydrogen atom on the formate 

substituent with neighboring molecules. 

Figure 11: Crystal packing diagram for formate2SnA2 (5). N�H···O hydrogen bonds highlighted by dashed bonds. All non-

carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for 

clarity.
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In the case of laurate2SnA2 (6) (2.02 – 2.56 Å) (Figure 12) and cyclopentanecarboxylate2SnA2 

(15) (2.03 – 2.59 Å), NH···O hydrogen bonding interactions are occurring between 

hydrogens from the amino moieties and to the carbonyl oxygens. These carbonyl oxygens 

are involved in two NH···O hydrogen bonding interactions and effectively propagate into 

sheets through these bridging interactions. Again, no interaction between these sheets is 

observed resulting in 2D networks. This bridging capacity from the carbonyl oxygen is also 

observed in compound stearate2SnA2 (7) (2.18 – 2.25 Å) (Figure 13), but in this case the 

hydrogen bond is not exclusively to the amino hydrogens, rather CH···O interactions are 

occurring between the stearate chain and the carbonyl oxygen from a neighboring molecule 

propagating the sheet (2.57 Å). In addition to NH···O interactions observed for 

cyclopropanecarboxylate2SnA2 (13) (2.03 – 2.28 Å), and cyclobutanecarboxylate2SnA2 (14) 

(2.07 – 2.30 Å) (Figure 14), CH···O hydrogen bonding interactions are also present. 

However, these occur intramolecularly between the aminopropyl chain and the bidentate 

carboxylate moiety in cyclopropanecarboxylate2SnA2 (13) (2.53 – 2.59 Å), and 

cyclobutanecarboxylate2SnA2 (14) (2.55 Å).

Figure 12: Crystal packing diagram of laurate2SnA2 (6) displaying 2D sheet intercalation through the laurate moiety 

creating layers. N�H···O interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. 

Hydrogen atoms not involved in intermolecular interactions removed for clarity.
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Figure 13: Crystal packing diagram of stearate2SnA2 (7) displaying 2D sheet intercalation through the laurate moiety 

creating layers. N�H···O and C�H···O interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% 

shaded ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity.

Figure 14: Crystal packing diagram for cyclobutanecarboxylate2SnA2 (14). N�H···O and intramolecular C�H···O hydrogen 

bonds highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved 

in intermolecular interactions removed for clarity.

While there is a clear separation of the planar sheets in formate2SnA2 (5), acetate2SnA2, 

cyclopropanecarboxylate2SnA2 (13), cyclobutanecarboxylate2SnA2 (14) and 

cyclopentanecarboxylate2SnA2 (15), the longer alkyl chains in laurate2SnA2 (6) and 

stearate2SnA2 (7) create intercalated layers exhibiting discrete hydrophilic and hydrophobic 
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regions. This intercalation is occurring despite the different conformations of the alkyl chains 

in the carboxylate substituents of these long chain carboxylate compounds. laurate2SnA2 (6) 

with the alkyl chain almost perpendicular to the plane of the Sn–O bond in a Z conformation 

and in stark contrast to stearate2SnA2 (7) which displays the alkyl chains in a linear 

conformation. A similar type of arrangement or interdigitation can also be observed in the 

arrangement of membrane lipids which form the surface of all cells. 

Perfluorononanoate2SnA2 (9) (Figure 15), also arranges the alkyl chains in the carboxylate 

substituents in a Z conformation despite the exchange of all hydrogens in the alkyl chain by 

fluoride atoms. Similar to laurate2SnA2 (6) the perfluoronated alkyl chains in 

perfluorononanoate2SnA2 (9) intercalate to create layers exhibiting discrete hydrophilic and 

hydrophobic regions. In addition, similar to laurate2SnA2 (6), NH···O hydrogen bonding 

interactions are occurring between hydrogens from the amino moieties and to the carbonyl 

oxygens. These carbonyl oxygens are involved in two NH···O hydrogen bonding interactions 

and effectively propagate into sheets through these bridging interactions. Additional CH···F 

hydrogen bonding interactions (2.55 – 2.59 Å) and NH···F (2.39 Å) hydrogen bonding 

interactions are present. The additional van der Waals interactions CH···F (2.58 – 2.64 Å) 

and NH···F (2.49 – 2.60 Å), in addition to NH···O hydrogen bonding (2.11 – 2.37 Å), is also 

observed in the fluorinated formate derivative trifluoroacetate2SnA2 (8). 

Figure 15: Crystal packing diagram of perfluorononanoate2SnA2 (9) displaying 2D sheet intercalation through the laurate 
moiety creating layers. N�H···O, C�H···F, N�H···F interactions highlighted by dashed bonds. All non-carbon atoms shown 

as 30% shaded ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity.
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5.4.3 3D Networks 

As discussed above, all monodentate diaminopropyltin dicarboxylates propagate in the 

extended solid state through NH···O hydrogen bonding interactions. This was shown for 

long chain alkanes, cycloalkanes, and even fluorinated substituents. However, in the case of 

benzoate2SnA2 (10), isonicotinate2SnA2 (11), and p-fluorobenzoate2SnA2 (12), 3D networks 

are able to be obtained through the functionalization of the organic moiety on the 

carboxylate substituent. In the case of benzoate2SnA2 (10) (Figure 16), the expected NH···O 

hydrogen bonding interactions are present, creating 2D sheets. These 2D sheets are also 

propagated by secondary noncovalent CH3∙∙∙π interactions (2.69 Å) between a hydrogen 

from the propylamino chain and the aromatic ring of a neighboring molecule.  In addition, 

the aromatic phenyl groups on the backbone of the carboxylate substituents between 2D 

sheets are involved in edge to face interactions (3.15 Å) creating a 3D network. 

Figure 16: Crystal packing diagram for benzoate2SnA2 (10). N�H···O hydrogen bonds, CH3∙∙∙π and edge to face 
interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen

atoms not involved in intermolecular interactions removed for clarity.
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Secondary interactions are also responsible for the propagation of a 3D network in                                  

p-fluoro-benzoate2SnA2 (12) (Figure 17). In this case, 1D chains are propagated through 

NH···O hydrogen bonding interactions (2.18 – 2.24 Å). 2D sheets are then created through 

ππ (d = 3.41, R = 1.58 Å) interactions through the p-fluorobenzoate rings of adjacent 1D 

chains. Finally, a 3D network is created by NH···F hydrogen bonding interactions (2.75 Å) 

between the fluorine atom at the para position on the phenyl ring of the carboxylate 

substituent and an amino hydrogen from a neighboring 2D sheet. A substituent in the para

position is also responsible for the propagation of a 3D network in isonicotinate2SnA2 (11) 

(Figure 18). In addition to NH···O (2.18 – 2.24 Å) and CH···O (2.62 Å) hydrogen bonding 

interactions, the nitrogen at 6 position in the isonicotinate ring is involved in NH···N 

interactions with the amino hydrogens of neighboring molecules (2.34 Å).

Figure 17: Crystal packing diagram for p-fluorobenzoate2SnA2 (12). N�H···O and N�H···F hydrogen bonds, and 
π�π interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. 

Hydrogen atoms not involved in intermolecular interactions removed for clarity.
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Figure 18: Crystal packing diagram for isonicotinate2SnA2 (11). N�H···O and N�H···N hydrogen bonds 
interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen

atoms not involved in intermolecular interactions removed for clarity.

Figure 19: Crystal packing diagram of  dichlorobis(3-aminopropyl)stannane. Sn�N, N�H···Cl and C�H···Cl interactions 
highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in 

intermolecular interactions removed for clarity.
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Similar to the dichlorobis(3-aminopropyl)stannane, bis(acetate)-bis(3-aminopropyl)stannane 

and (6) show intermolecular interactions in the form of NH···O (2.09(3)2.57(3) Å) 

hydrogen bonds in the solid state. However, the dichloride (Figure 19) exhibits a 3D 

polymeric structure in the solid state, whilst the acetate and laurate moieties only allow for 

2D networks to form. The diacetate and dilaurate (6) (Figure 12) diaminostannanes 

compounds arrange themselves to form planar sheets of intermolecularly hydrogen bonded 

molecules. While there is a separation of the planar sheets in the diacetate, the longer 

chains in the dilaurate diaminostannane (6) create intercalated layers exhibiting discrete 

hydrophilic and hydrophobic regions. A similar type of arrangement or interdigitation can 

also be observed in the arrangement of membrane lipids which form the surface of all cells.
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6 Conclusion and Outlook 

We were able to extend the synthetic procedure reported for monoaminopropyltin 

compounds successfully to bis(3-amino)propyltin derivatives employing the desilylation of a 

tin trimethylsilyl species (Ph2Sn(SiMe3)2). Also, the synthesis of bis(amino)propyltin 

dichloride via a thermochemical procedure similar to the already published monoamine 

derivatives could be demonstrated. diaminopropyltin dichloride was also converted into the 

corresponding acetate and laurate derivative via a salt-metathesis reaction. Single crystal 

structure analysis reveals discrete crystal packing effects depending on the nature of the 

substituent on the tin central atom. While the dichloride and diacetate diaminostannane 

display only extensive hydrogen bonding, the arrangement of the long hydrocarbon chains 

of the dilaurate carboxylate moiety allows the formation of discrete hydrophilic and 

hydrophobic layers. The synthesized compounds are highly interesting candidates for 

biological or catalytic applications and for avoidance of the leach out effect. 

Scheme 41: Incorporation of a diamino catalyst into the polymer. 

In future investigations, it will be tested if the incorporation into polymer (Scheme 41) 

works. Also catalytic tests will be made with a variety of tin compounds concerning different 

carboxylaten moieties and alkyl or aryl substituent, as well as the comparison between 

monoamino and diamino compounds. The model reaction for the catalytic tests will be 

methanol with phenylisocyanate in CDCl3. The reaction progress will observed with a 60MHz 

Benchtop NMR. 

Scheme 42: Model reaction used for catalytic activity tests 
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7 Experimental Section

7.1 Materials and Methods 

All moisture and air sensitive reactions were carried out under inert atmosphere using 

Schlenk line techniques unless otherwise stated. Nitrogen was used as inert gas and passed 

through molecular-sieve 4Å and P5O10 with moisture indicator (Sicapent® by Merck) to 

remove trace water. Solvents were stored over a drying agent (lithium aluminum hydride 

(LDA) in case of THF, P5O10 for CH2Cl2 and (MeO)2Mg for methanol) under N2 and distilled 

prior to use or taken directly from an Innovative Technology® solvent drying system 

(benzene). CDCl3 was distilled over P5O10 and stored under N2, MeOH-d4 was purchased 

water free. All chemicals were used as received from various chemical suppliers without any 

further purification. All elemental analyses were performed on a Heraeus VARIO 

ELEMENTAR EL analyzer. Melting points were determined with a STUART SCIENTIFIC SMP 10, 

no temperature corrections were applied.  

7.2 X-ray Crystallography  

All crystals suitable for single crystal X-ray diffractometry were removed from a vial or a 

Schlenk under N2 and immediately covered with a layer of silicone oil. A single crystal was 

selected, mounted on a glass rod on a copper pin, and placed in the cold N2 stream provided 

by an Oxford Cryosystems cryostream. XRD data collection was performed on a Bruker APEX 

II diffractometer with use of an Incoatec microfocus sealed tube of Mo Kα radiation (λ= 

0.71073 Å) and a CCD area detector. Empirical absorption corrections were applied using 

SADABS or TWINABS.108,109 The structures were solved with use of the intrinsic 

phasing option in SHELXT and refined by the full-matrix least-squares procedures in 

SHELXL.110–113 The space group assignments and structural solutions were evaluated using 

PLATON.114,115
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Non-hydrogen atoms were refined anisotropically. When possible, hydrogen atoms bonded 

to nitrogen atoms were located in a difference map and refined isotropically. All other 

hydrogen atoms were located in calculated positions corresponding to standard bond 

lengths and angles and refined using a riding model. 

Disorder was handled by modeling the occupancies of the individual orientations using free 

variables to refine the respective occupancy of the affected fragments (PART)116. In some 

cases, the similarity SAME restraint, the similar-ADP restraint SIMU and the rigid-bond 

restraint DELU, as well as the constraints EXYZ and EADP were used in modelling disorder to 

make the ADP values of the disordered atoms more reasonable. In some cases, the distances 

between arbitrary atom pairs were restrained to possess the same value using the SADI 

instruction and in some cases distance restraints (DFIX) to certain target values were used. In 

some tough cases of disorder, anisotropic Uij-values of the atoms were restrained 

(ISOR) to behave more isotropically. In compound laurate2SnA2 (6), disordered positions 

for one of the laurate chain residues were refined using 65/35 positions. In 

compound laurate2 
npropylSnA (18), disordered positions for the central Sn atom, 

ethylamine chain and second oxygen of the Laurate chain residues were refined using 50/50, 

55/45, and 50/50 split positions. 

Compound cyclopentanecarboxylate2SnA2 (15) was twinned and was refined using the TWIN 

option in SHELXL. Compound adamantanecarboxylate2SnA2 (17) was twinned and was 

refined using the TWIN option in SHELXL. Electrostatic non-covalent intermolecular 

interactions,117–120 van der Waals contacts (CH···X),121,122 and hydrogen bonds for presented 

and published compounds were based on a Cambridge Structural Database123 search and fall 

within expected ranges. Centroids and planes were determined by features of the programs 

Mercury124 and Diamond.125 All crystal structures representations were made with the 

program Diamond. Table x contains crystallographic data and details of measurements and 

refinement for compounds 5-17.
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7.3 NMR-spectroscopy 

1H (300.22 MHz), 13C (75.50 MHz) and 119Sn (111.92 MHz) NMR spectra were recorded on a 

Mercury 300 MHz spectrometer from Varian at 25 °C. Chemical shifts are given in parts per 

million (ppm) relative to TMS (δ= 0 ppm) regarding 13C and 1H and relative to SnMe4 in the 

case of 119Sn. Coupling constants (J) are reported in Hertz (Hz). For complete peak 

assignment, multinuclear NMR experiments were also carried out (H,H-COSY and C,H-

HETCOR). Processing of the data was carried out using MestReNova7 (Mestrelab research).

Scheme 43: Schematic numbering of synthesized compounds 
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7.4 Synthesis 

7.4.1 Literature known compounds  

(E)-N-(3-chloropropyl)-2,2-dimethylpropan-1-imine60

In a 500 mL flask with a Dean-Stark-trap , 3-chloro-propan-1-amine hydrochloride (6.5 g, 

0.05 Mol) 2,2-dimethylpropanal (4.3 g, 0.05 Mol) and KOH (2.8 g, 0.05 Mol) were suspended 

in 250 mL of Benzene. The suspension was heated under reflux until no more H2O was 

generated. The solvent was pumped. The crude product was destilled affording (E)-N-(3-

chloropropyl)-2,2-dimethylpropan-1-imine as colourless liquid (4..4 g, 52%). B.p.: 63°C at 15 

mbar. The product is stored under at -15°C. 

1H NMR (CDCl3, 300 MHz) δ: 7.48 (t, 1H, 1,4J = 2.53, 5); 3.44 (t, 2H, 1,3J = 12.9, 1); 3.41 (td, 2H, 
1,3J = 14.1 Hz, 3); 1.96 (p, 2H, 2); 0.98 (s, 9H, 7) 

13C NMR (CDCl3, 75.5 MHz) δ: 42.6 (1C, 1); 33.2 (1C, 2); 57.6 (1C, 3); 36.3 (1C, 6); 173.3 (1C, 
5); 27.0 (3C, 7) 

Diphenyl-bis(trimethylsilyl)stannan 

60g (174 mmol) diphenyltindichloride are suspended in 1.5L and cooled to 0°C. Afterwards 

13 g (535 mmol) magnesium ared added. The start of the reaction can be observed by 

changing the reaction colour to a green/black solution. At this point 45 mL (37,8 g; 

348 mmol) TMS-Cl are added. Then the solution is warmed up to room temperature and 

stirred for 48 hours. Afterwards, the solvent was removed under vacuum and the residue 

suspended in 50 mL pentane  and filtered over Celite® 512.Yield: 62,13 g (85 %), 

1H NMR (CDCl3, 300 MHz) δ:  7.70-7.45 (m, 4H, o-Ph); 7.45-7.10 (m, 6H, m/p-Ph); 0.60-0.30 
(m, 18H, Si(CH3)3) 

13C-NMR (CDCl3) δ: 139.6 (2C, ispo-Ph); 137.9 (4C, o-Ph); 128.3 (4C, m-Ph); 127.4 (2C, p-Ph); 
1.8 (6C, Si(CH3)3)

119Sn-NMR (CDCl3) δ: -253.7 (1J(29Si-119Sn) = 513)
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Diphenyl-bis(tbutyliminopropyl)stannane  

A 200 mL Schlenk tube was charged with 5.0 g (12 mmol) of 

diphenylbis(trimethylsilyl)stannane and 100 mL THF. The solution was chilled to 0 °C and    

3.0 g (26 mmol) KOtBu were added under stirring. After 5 min, 3.9 g (24 mmol) of (E)-N-(3-

chloropropyl)-2,2-dimethylpropan-1-imine was added via a syringe and the reaction mixture 

stirred for another 20 min. Afterwards, the solvent was removed under vacuum and the 

residue suspended in 50 mL CH2Cl2 and filtered over Celite® 512. The crude product was 

distilled under vacuum. Bp.: 175 °C at 4x10–2 mbar. Yield: 5.6 g (89%).  

1H NMR (CDCl3, 300 MHz) δ: 7.65-7.46 (m, 4H, o-Ph), 7.46-7.40 (s, 2H, 5), 7.40-7.25 (m, 6H, 
m/p-Ph); 3.38 (t, 4H, 1), 1.92 (m, 4H, 2), 1.25 (m, 4H, 3), 1.07 (s, 18H, 7) ppm.  

13C NMR (CDCl3, 75.5 MHz) δ: 172.0 (2C, 5, 139.6 (2C, i-Ph), 136.7 (4C, o-Ph), 128.4 (2C, p-
Ph), 128.2 (4C, m-Ph), 64.8 (2C, 3), 35.8 (2C, 6),  27.7 (2C, 2),  26.9 (6C, 7), 7.3 (2C, 
1J(13C-119Sn) = 366 Hz, 1J(13C-117Sn) = 350 Hz, 1) ppm.  

119Sn NMR (CDCl3',112 MHz) δ: -71.5 ppm.  

Diphenyl-bis(propyl-3-ammoniumchloride)stannane  

A 250 mL round bottom flask was charged with 5.0 g (9.5 mmol) of                              

diphenylbis(tbutyliminopropyl)stannane. 95 mL (19 mmol) of 0.5 M HCl were added while 

stirring. Once all of the educt went into solution, the solvent was removed under vacuum at 

60 °C. Mp: 178-180 °C. Yield: 4.3 g (98.3%).  

1H NMR (CDCl3, 300 MHz) δ: 7.58-7.50 (m, 4H, 3J(1H-119/117Sn)= 46.1 Hz, o-Ph), 7.42-7.34 (m, 
6H, m/p-Ph), 2.95 (t, 4H, 3J(1H-1H)= 7.47 Hz,  3), 2.07-1.89 (m, 4H, 2), 1.41-1.30 (m, 4H, 1) 
ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 139.2 (2C, i-Ph), 137.8 (4C, 2J(13C-119Sn)= 35.2 Hz, 130.1 (2C, 
3J(13C-119Sn)= 11.3 Hz, p-Ph), 129.7 (4C, 3J(13C-119Sn)= 48.2 Hz, m-Ph), 44.0 (2C, 3J(13C-119Sn)= 
83.3 Hz,3), 25.9 (2C, 2J(13C-119Sn)= 16.4 Hz, 2), 6.9 (2C, 1J(13C-119Sn)= 362 Hz, 1) ppm.

119Sn NMR (CDCl3',112 MHz) δ: -70.6 ppm.
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Dichloro-bis(3-aminopropyl)stannane  

A 100 mL Schlenk tube was charged with 3.5 g (7.6 mmol) of diphenylbis(propyl-3-

ammonium chloride)stannane and placed under vacuum in an oil bath. The oil bath was 

heated to 235 °C and the temperature was kept for 1 h. The oil bath was removed and the 

colorless product which had sublimed into the upper part of the Schlenk tube was dissolved 

in hot methanol, filtered through a 0.20 µm PTFE syringe filter and afterwards the solvent 

removed under vacuum. The crude product was recrystallized from methanol. Mp: 270-

272 °C. Yield: 2.3 g (98.2%). 

1H NMR (65 °C, MeOH-d4) δ: 3.35 (t, 4H, 3J(1H-1H)= 5.9 Hz, 3), 2.49-2.38 (m, 4H, 3J(1H-119Sn)= 
175.2 Hz, 3J(1H-117Sn)= 169.1 Hz, 2), 1.84 (t, 4H,  3J(1H-1H)= 7.1 Hz, 2J(1H-119Sn)= 96.2 Hz,
2J(1H-117Sn)= 91.4 Hz, 1) ppm.  

13C NMR (65 °C, MeOH-d4) δ: 41.2 (2C, 3J(13C-119Sn)= 74.4 Hz, 3J(13C-117Sn)= 71.1 Hz, 3), 25.3 
(2C, 1J(13C-119Sn)= 908 Hz, 1J(13C-117Sn)= 863 Hz, 1), 25.2 (2C, 2J(13C-119Sn)= 51.3 Hz, 2) ppm.  

119Sn NMR (65 °C, MeOH-d4) δ: -186.6 ppm.  

Bis(acetate)-bis(3-aminopropyl)stannane  

A 100 mL Schlenk tube was charged with 2.0 g (6.5 mmol) of dichlorodi(3-

aminopropyl)stannane and 50 mL methanol. 1.1 g (13 mmol) sodium acetate was added to 

the suspension under stirring. After 5 min, the solvent was removed under vacuum, the 

residue suspended in 50 mL CH2Cl2 and filtered through a 0.20 µm PTFE syringe filter. The 

solvent was removed under vacuum and the crude product recrystallized from benzene.

1H NMR (CDCl3, 300 MHz) δ: 3.13 (bs, 4H, 4), 2.88 (t, 4H, 3), 1.92 (s, 6H, 6), 1.90-1.81 (m, 4H, 
3J(1H-119/117Sn)= 175.3 Hz, 2), 1.05 (t, 4H, 3J(1H-1H)= 6.7 Hz, 2J(1H-119/117Sn)= 100.9 Hz, 1) ppm. 

13C NMR (CDCl3, 75.5 MHz) δ: 178.9 (2C, 5), 40.1 (2C, 3J(13C-119Sn)= 69.6 Hz, 3), 24.1 (2C, 
2J(13C-119Sn)= 53.6 Hz, 2), 23.6 (2C, 6), 20.5 (2C, 1) ppm. 

119Sn NMR (CDCl3',112 MHz) δ: -330.2ppm
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Bis(laurate)-bis(3-aminopropyl)stannane (6)

A 100 mL Schlenk tube was charged with 0.51 g (13 mmol) freshly cut (in dry box) potassium 

and 50 mL methanol. After the metal was dissolved, 2.6 g (13 mmol) lauric acid was added. 

After a clear solution was obtained, 2.0 g (6.5 mmol) of dichlorodi(3-aminopropyl)stannane

were added. After 5 min the solvent was removed under vacuum, the residue suspended in 

50 mL CH2Cl2 and filtered through a 0.20 µm PTFE syringe filter. The solvent was pumped 

down under vacuum and the product was dried under oil vacuum for 2 h at 60 °C. The crude 

product was recrystallized from heptane.      Mp: 84-85 °C. Yield: 3.7 g (98.%).  

1H NMR (CDCl3, 300 MHz) δ: 2.88 (m, 4H), 2.19 (m, 4H), 1.88 (m, 3H), 1.56 (m, 4H), 1.24 (m, 

30H), 1.04 (m, 3H), 0.87 (t, 6H).  

13C NMR (CDCl3, 75.5 MHz) δ: 23.9 (2C, 2J(13C-119Sn)= 55 Hz 2) 39.9 (2C, 3J(13C-119Sn)= 68.2 Hz, 

3), 181.5, 36.2, 31.9, 29.6, 29.5, 29.4, 29.4, 29.0, 20.0, 22.7, 14.1. 

119Sn NMR (CDCl3',112 MHz) δ: -330.1ppm
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7.4.2 New synthesized compounds 

General Procedure for tin carboxylate 

A 100 mL roundflask tube was charged with NaOMe (13 mmol) and Carboxylic  (13 mmol)  

(in dry box) potassium and 15 mL methanol. After a clear solution was obtained, 2.0 g (6.5 

mmol) of tin chloride  were added drop wise. After 60 min the solvent was removed under 

vacuum, the residue suspended in 20 mL THF and filtered through a 0.20 µm PTFE syringe 

filter. The solvent was pumped down under vacuum and the product was dried under oil 

vacuum. Depending of the carboxylate residue different solvents were used to obtain 

crystals. 

Bis(propylammonia)-tinteratrachlorid (1)

A 250 mL round bottom flask was charged with 2.0 g (3.8 mmol) of                       

diphenylbis(tbutyliminopropyl)stannane was solved in methanol and a highly excess of 12 M 

HCl was added while stirring. Once all of the educt went into solution, the solvent was 

removed under vacuum at 60 °C. Mp: 178-180 °C. Yield: 1.85g (98.%).  

1H NMR (D2O, 300 MHz) δ: 3.35 (t, 4H, 3J(1H-1H)= 5.9 Hz, 3), 2.49-2.38 (m, 4H, 3J(1H-119Sn)= 

175.2 Hz, 3J(1H-117Sn)= 169.1 Hz, 2), 1.84 (t, 4H,  3J(1H-1H)= 7.1 Hz, 2J(1H-119Sn)= 96.2 Hz,
2J(1H-117Sn)= 91.4 Hz, 1) ppm.  

13C NMR (D2O, 75.5 MHz) δ: 41.2 (2C, 3J(13C-119Sn)= 74.4 Hz, 3J(13C-117Sn)= 71.1 Hz, 3), 25.3  

1), 25.2 (2C, 2J(13C-119/117Sn)= 51.3 Hz, 2) ppm.  

119Sn NMR (D2O ',112 MHz) δ: -192.3 ppm 
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Bis(propylammonia)-tinteratrabromo (2) 

A 250 mL round bottom flask was charged with 1.0 g (1.9 mmol) of                       

diphenylbis(tbutyliminopropyl)stannane was solved in methanol and a highly excess of M 

HBr was added while stirring Once all of the educt went into solution, the solvent was 

removed under vacuum at 60 °C. Yield:  2.2g  (95%).  

1H NMR (D2O, 300 MHz)δ: 1.53 (t, 4H,  1) 2.03-1.86 (m, 4H, 2), 2.92 (t, 4H, 3) ppm. 

13C NMR (D2O, 75.5 MHz) δ: 41.2 (2C, 3J(13C-119Sn)= 74.4 Hz, 3J(13C-117Sn)= 71.1 Hz, 3), 25.3  

1), 25.2 (2C, 2J(13C-119/117Sn)= 51.3 Hz, 2) ppm. 

119Sn NMR (D2O ,112 MHz) δ: -191.7 ppm

(Br(CH2)3NH3
+)2SnBr6 (3) 

A 100 mL round bottom flask was charged with 500 mg (0.9 mmol) of                       

diphenylbis(tbutyliminopropyl)stannane was solved in methanol and a highly excess of HBr 

was added while stirring and the solutions was refluxed for three hours. Then the solvent 

was removed under vacuum at 60 °C. Yield: 2.45 g (91%). 

1H NMR (D2O, 300 MHz)δ: 3.35 (t, 4H 3), 2.49-2.38 (m, 4H, 2), 1.84 (t, 4H, 1) ppm. 

13C NMR (D2O, 75.5 MHz) δ: 41.2 (2C 3), 25.3 (2C, 1), 25.2 (2C, 2) ppm. 

119Sn NMR (D2O ,112 MHz) δ: -286.3 ppm
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Bis(formiate)-bis(3-aminopropyl)stannane (5) 

44 mg (0.6 mmol) of NaOMe and 83 mg (0.6 mmol) Carboxylic acid are dissolved in 15 ml 

methanol. 138 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of THF. Mp: 232-235 °C. Yield: 244 mg 

(76%)

1H NMR (CDCl3, 300 MHz) δ: 1.2 (t, 4H,  3J(1H-1H)= 6.7 Hz, 2J(1H-119Sn)= 96.4 Hz  1),  1.97-1.83 
(m, 4H, 3J(1H-119Sn)= 172.2 Hz, 2), 2.86 (t, 4H, 3J(1H-1H)= 6.5 Hz, 3), 3.3 (bs, 4H, 4), 8.4 (s,1H, 
6) ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 19.2 (2C,  1), 23.5 (2C, 2J(13C-119Sn)= 51.6 Hz,  2), 39 (2C, 
3J(13C-119Sn)= 72.2,  3), 168.4 (2C, 5) ppm

119Sn NMR (CDCl3',112 MHz) δ: -293 ppm 

Bis(stereate)-bis(3-aminopropyl)stannane (7) 

38 mg (0.7 mmol) of NaOMe and 132 mg (0.7 mmol) stearinic acid are dissolved in 100 ml 

methanol. 100 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of hexane/benzene. Mp: 95-98°C. Yield: 

476 mg (91%)

1H NMR (CDCl3, 300 MHz) δ: 2.8 (m, 4H), 2.1 (m, 4H), 1.38 (m, 3H), 1.47 (m, 4H), 1.18 (m, 
56H), 0.96  (m, 3H), 0.81 (t, 6H) ppm 

13C NMR (CDCl3, 75.5 MHz) δ: 24.1 (2C, 2J(13C-119Sn)= 52.3 Hz 2) 40.1 (2C, 3J(13C-119Sn)= 70.9 
Hz, 3) 181.5; 36.7, 32, 30.5, 29.95, 29.9, 29.8, 29.7 29.6, 29.5, 26.2, 22.8, 20.3, 14.2 ppm

119Sn NMR (CDCl3',112 MHz) δ: -336.5 ppm 
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Bis(trifluoracetate)-bis(3-aminopropyl)stannane (8) 

36 mg 0.7 mmol) of NaOMe and 101 mg (0.7 mmol) trifluoracetic acid are dissolved in 80 ml 

methanol.  96 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml methanol 

was added. Crystals were obtained out of methanol. Yield: 201 mg (67%)

Bis(perfluorononanoate)-bis(3-aminopropyl)stannane (9)

54mg (1 mmol) of NaOMe and 454mg (1 mmol) perfluoro nonanoic acid are dissolved in 150 

ml methanol. 145 mg (0.5 mmol) dichloro-bis(3-aminopropyl)stannane solved in  10 ml 

methanol was added. Crystals were obtained out of toluene. Yield: 637 mg (56%)

Bis(benzylcarboxyl)-bis(3-aminopropyl)stannane (10) 

48mg (1 mmol) of NaOMe and 121 mg (1 mmol) benzoic acid are dissolved in 20 ml 

methanol. 148 mg (0.5 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of benzene. Yield: Mp: 2348-250 °C.  443 

mg (95%)

1H NMR (CDCl3, 300 MHz) δ: 1.18 (t, 4H,  3J(1H-1H)= 6.9 Hz, 2J(1H-119Sn)= 98.6  Hz  1), 2.49-
2.38 (m, 4H, 3J(1H-119Sn)= 171.2 Hz, 2), 2.88 (t, 4H, 3), 3.35 (bs, 4H, 4), 7.98 (d, 4H, 7 & 8),
7.38 (t, 4H, 9 & 10), 7.47 (d, 2H, 11) ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 20.2 (2C  1), 25.1 (2C, 2J(13C-119Sn)= 52.3 Hz,  2), 40.9 (2C, 
3J(13C-119Sn)= 74.2Hz  3), 174.8 (2C, 5), 132.5 (2C, 6), 130.6  (4C, 7 & 11), 129  (4C, 8 & 10), 
136.3 (2C, 9) ppm 

119Sn NMR (CDCl3',112 MHz) δ: -328.2 ppm 
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Bis-(4-pyribisnecarboxyl)-bis(3-aminopropyl)stannane (11)

33 mg (0.6 mmol) of NaOMe and 82 mg (0.6 mmol) isonicotinic acid are dissolved in 15 ml 

methanol. 97 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml methanol 

was added. Crystals were obtained out of THF. Mp: 243-244 °C.  Yield: 272 mg (88%)

1H NMR (CDCl3, 300 MHz) δ: 1.17 (t, 4H,  3J(1H-1H)= 6.1 Hz, 2J(1H-119Sn)= 93.6  Hz  1), 2.49-
2.38 (m, 4H, 3J(1H-119Sn)= 175.1 Hz, 2), 2.97 (s, 4H,  3), 3.39 (bs, 4H, 4), 7.75 (d, 4H, 7 & 8),
8.68 (d, 4H, 9 & 10), ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 20.3  1), 24.1 (2C, 2J(13C-119Sn)= 53.1 Hz,  2), 40.2 (2C, 
3J(13C-119Sn)= 71.3 Hz  3), 171.5 (2C, 5),  142.5 (2C, 6), 123.3 (4C, 7 & 11), 150,2 (4C, 8 & 10),
ppm.

119Sn NMR (CDCl3',112 MHz) δ: -334 ppm 

Bis(para-fluorbenzylcarboxyl)-bis(3-aminopropyl)stannane (12) 

51mg (1 mmol) of NaOMe and 140 mg (1 mmol) para-fluorobenzoic acid are dissolved in 25 

ml methanol. 144 mg (0.5 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of DCM. Mp: 84-85 °C.  Yield: 417 mg (83%)

1H NMR (CDCl3, 300 MHz) δ: 1.17 (t, 4H,  3J(1H-1H)= 6.7 Hz, 2J(1H-119Sn)= 93.6  Hz  1), 2.49-
2.38 (m, 4H, 3J(1H-119Sn)= 176 Hz, 2), 2.97 (s, 4H,  3), 3.39 (bs, 4H, 4), 7.07 (t, 4H, 7 & 8), 8.01 
(t, 4H, 9 & 10), ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 20.2 (2C  1), 25.1 (2C, 2J(13C-119Sn)= 52.3 Hz,  2), 40.9 (2C, 
3J(13C-119Sn)= 74.2Hz  3), 174.8 (2C, 5), 132.5 (2C, 6), 130.6  (4C, 7 & 11), 129  (4C, 8 & 10), 
136.3 (2C, 9) ppm.

119Sn NMR (CDCl3',112 MHz) δ: -341.4 ppm 
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Bis(cyclopropylcarboxyl)-bis(3-aminopropyl)stannane (13)

37 mg (0.7 mmol) of NaOMe and 58 mg (0.7 mmol) cyclopropanecarboxylic acid are 

dissolved in 15 ml methanol. 101 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved 

in 15 ml methanol was added. Crystals were obtained out of THF. Mp: 165-167°C.  Yield: 205 

mg (78%).

1H NMR (CDCl3, 300 MHz) δ: 0.98 (t, 4H,  3J(1H-1H)= 7.1 Hz, 2J(1H-119Sn)= 96.2 Hz  1), 1.9-1.77 
(m, 4H, 3J(1H-119Sn)= 175.2 Hz, 2), 2.84 (t, 4H, 3J(1H-1H)= 5.5 Hz, 3), 3.08 (bs, 4H, 4),  1.35-1.47 
(m, 2H, 6), 0.6-0.85 (2d, 8H, 7 & 8)

13C NMR (CDCl3, 75.5 MHz) δ:20.1 (2C, 1), 24.05 (2C, 2J(13C-119Sn)= 54.3 Hz,  2), 40.2 (2C, 
3J(13C-119Sn)=73.4 Hz  3), 176.7 (2C, 5), 14.6 (2C, 6), 7.6 (4C, 7 & 8) ppm.

119Sn NMR (CDCl3',112 MHz) δ: -326 ppm 

Bis(cyclobutylcarboxyl)-bis(3-aminopropyl)stannane (14) 

40 mg (0.7 mmol) of NaOMe and 69 mg (0.7 mmol) cyclobutanecarboxylic acid are dissolved 

in 15 ml methanol. 102 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of THF. Mp: 173-175 °C. Yield: 252 mg 

(89%)

1H NMR (CDCl3, 300 MHz) δ: : 0.96 (t, 4H,  3J(1H-1H)= 6.83 Hz, 2J(1H-119Sn)= 94.1 Hz  1), 1.95-
1.73 (m, 4H, 3J(1H-119Sn)= 176 Hz, 2), 2.82 (t, 4H, 3J(1H-1H)= 5.5 Hz, 3), 3.27 (bs, 4H, 4),  2.95(p 
,2H, 6), 2.04-2.16(m,8H, 7 & 8), 1.46-1.63 (,4H, 9) ppm.

13C NMR (CDCl3, 75.5 MHz) δ: 19.8 (2C, 1), 24.1 (2C, 2J(13C-119Sn)= 53.3 Hz,  2), 40.1 (2C, 
3J(13C-119Sn)=70.1 Hz  3), 182.9 (2C, 5), 40.4 (2C, 6), 26.2 (4C, 7 & 8), 18.3 (2C, 9), ppm.

119Sn NMR (CDCl3',112 MHz) δ: -310 ppm 
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Bis(cyclopentylcarboxyl)-bis(3-aminopropyl)stannane (15)

36 mg (0.7 mmol) of NaOMe and 76 mg (0.7 mmol) cyclopentanecarboxylic acid are 

dissolved in 15 ml methanol. 98 mg (0.3 mmol) dichloro-bis(3-aminopropyl)stannane solved 

in 10 ml methanol was added. Crystals were obtained out of benzene. Mp: 182 °C. Yield: 235 

mg (77%)

1H NMR (CDCl3, 300 MHz) δ: 1.84 (t, 4H,  3J(1H-1H)= 6.7 Hz, 2J(1H-119Sn)= 94.2 Hz, 1), 2.44-2.37 
(m, 4H, 3J(1H-119Sn)= 171.7.2 Hz 2), 3.35 (t, 4H, 3), 3.13 (bs, 4H, 4), 2.63 (m, 2H, 6), 1.57-.1.44 
(m, 8H, 7 & 8), 1.72-1.63 (m,8H, 9 & 10)

13C NMR (CDCl3, 75.5 MHz) δ: 21 (2C, 1), 23.9 (2C, 2J(13C-119Sn)= 50.3 Hz,  2), 40.2 (2C, 
3J(13C-119Sn)=72.3  3), 184.2 (2C, 5), 45.1 (2C, 6), 30.7 (2C, 7 & 8), 25.9 (2C, 9 & 10), ppm.

119Sn NMR (CDCl3',112 MHz) δ: -315.9 ppm 

Bis(cyclohexylbarboxyl)-bis(3-aminopropyl)stannane (16)  

50mg (1 mmol) of NaOMe and 125 mg (1 mmol) cyclohexanecarboxylic acid are dissolved in

15ml methanol. 145 mg (0.5 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of THF. Mp: 187-188 °C. Yield: 410 mg 

(87%)

1H NMR (CDCl3, 300 MHz) δ: 1.84 (t, 4H,  3J(1H-1H)= 7.1 Hz, 2J(1H-119Sn)= 96.2 Hz, 2J(1H-117Sn)= 
91.4 Hz, 1), 2.49-2.38 (m, 4H, 3J(1H-119Sn)= 175.2 Hz, 3J(1H-117Sn)= 169.1 Hz, 2), 3.35 (t, 4H, 
3J(1H-1H)= 5.9 Hz, 3), 3.13 (bs, 4H, 4), 2.32 (p, 2H, 6), 1.53-1.78 (m, 20H, 7 -11)

13C NMR (CDCl3, 75.5 MHz) δ: 20.6 (2C,  1), 24.2 (2C, 2J(13C-119Sn)= 52.7 Hz,  2), 40.2 (2C, 
3J(13C-119Sn)= 70.4 Hz 3), 182.7 (2C, 5), 44.7 (2C, 6), 29.8 (4C, 7 & 8), 25.9 (4C, 9 & 10), 26.2
(2C, 11), ppm.

119Sn NMR (CDCl3',112 MHz) δ: -321.3 ppm
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Bis(adamantylcarboxyl)-bis(3-aminopropyl)stannane (17)  

50mg (1 mmol) of NaOMe and 152 mg (1 mmol) adamantylcarboxylic acid are dissolved in

15ml methanol. 145 mg (0.5 mmol) dichloro-bis(3-aminopropyl)stannane solved in 10 ml 

methanol was added. Crystals were obtained out of THF. Mp: 175 °C. Yield: 512 mg (85%)

1H NMR (CDCl3, 300 MHz) δ: 1.9 (t, 4H,  3J(1H-1H)= 7.3 Hz, 2J(1H-119Sn)= 94.2 Hz, 2J(1H-117Sn)= 
92.4 Hz, 1), 2.41-2.37 (m, 4H, 3J(1H-119Sn)= 174.3 Hz, 3J(1H-117Sn)= 168.1 Hz, 2), 3.32 (t, 4H, 
3J(1H-1H)= 5.9 Hz, 3), 3.08 (bs, 4H, 4), 1.72-1.89 (m, 30H, 6 -15)

13C NMR (CDCl3, 75.5 MHz) δ: 20 (2C,  1), 24.5 (2C, 2J(13C-119Sn)= 54 Hz,  2), 40.1 (2C, 
3J(13C-119Sn)= 72 Hz 3), 185.7 (2C, 5), 44.7 (2C, 6), 29.8 (4C, 7 & 8), 26.1 (4C, 9 & 10), 27.2
(2C, 11), 37.5 (6C, 12 & 13 & 14), 27.5 (2C,  15) ppm.

119Sn NMR (CDCl3',112 MHz) δ: -327.3 ppm
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8 Appendix 

8.1 Index of Figures 

Figure 1: a) Crystal bis(propylammonia)tetrachlorostannate (2). b) Crystal bis(propylammoniatetra-

bromostannate (2). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed 

for clarity. .................................................................................................................................................... 26

Figure 2: Crystal structure of (3). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen 

atoms removed for clarity. .......................................................................................................................... 27

Figure 3: Crystal structure of diphenyldi(propyl-3-ammoniumchloride)stannane (4). All non-carbon 

atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. ......................................... 28

Figure 4: a) Crystal structure of acetate2SnA2.60 b) Crystal structure of trifluoroacetate2SnA2 (8). All 

non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. ..................... 40

Figure 5:   a) Crystal structure of benzoate2SnA2 (10). b) Crystal structure of p-fluorobenzoate2SnA2

(12). All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. ........ 40

Figure 6: a) Crystal structure of laurate2SnA2 (6).  b) Crystal structure of perfluorononanoate2SnA2 (9) 

c) Crystal structure of stearate2SnA2 (7). All non-carbon atoms shown as 30% shaded ellipsoids. 

Hydrogen atoms removed for clarity. ......................................................................................................... 42

Figure 7: a) Crystal structure of cyclopentanecarboxylate2SnA2 (15). b) Crystal structure of 

cyclohexanecarboxylate2SnA2 (16). c) Crystal structure of adamantanecarboxylate2SnA2 (17). All non-

carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. ............................. 43

Figure 8: a)  Crystal structure of cyclopropanecarboxylate2SnA2 (13). b) Crystal structure of 

cyclobutanecarboxylate2SnA2 (14) .c) Crystal structure of isonicotinate2SnA2  (11). All non-carbon 

atoms shown as 30% shaded ellipsoids. Hydrogen atoms removed for clarity. ......................................... 45

Figure 9:  Crystal structure of laurate2
npropylSnA (18). All non-carbon atoms shown as 30% shaded 

ellipsoids. Hydrogen atoms removed for clarity. ........................................................................................ 51

Figure 10: Crystal packing diagram for adamantanecarboxylate2SnA2 (17). NH···O hydrogen bonds

highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms 

not involved in intermolecular interactions removed for clarity. ............................................................... 53
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Figure 11: Crystal packing diagram for formate2SnA2 (5). NH···O hydrogen bonds highlighted by 

dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved 

in intermolecular interactions removed for clarity. .................................................................................... 54

Figure 12: Crystal packing diagram of laurate2SnA2 (6) displaying 2D sheet intercalation through the 

laurate moiety creating layers. NH···O interactions highlighted by dashed bonds. All non-carbon 

atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in intermolecular interactions 

removed for clarity...................................................................................................................................... 55

Figure 13: Crystal packing diagram of stearate2SnA2 (7) displaying 2D sheet intercalation through the 

laurate moiety creating layers. NH···O and CH···O interactions highlighted by dashed bonds. All 

non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in intermolecular 

interactions removed for clarity.................................................................................................................. 56

Figure 14: Crystal packing diagram for cyclobutanecarboxylate2SnA2 (14). NH···O and intramolecular 

CH···O hydrogen bonds highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded 

ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity. .................. 56

Figure 15: Crystal packing diagram of perfluorononanoate2SnA2 (9) displaying 2D sheet intercalation 

through the laurate moiety creating layers. NH···O, CH···F, NH···F interactions highlighted by 

dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved 

in intermolecular interactions removed for clarity. .................................................................................... 57

Figure 16: Crystal packing diagram for benzoate2SnA2 (10). NH···O hydrogen bonds, CH3∙∙∙π and edge 

to face interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded 

ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity. .................. 58

Figure 17: Crystal packing diagram for p-fluorobenzoate2SnA2 (12). NH···O and NH···F hydrogen 

bonds, and ππ interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% 

shaded ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity....... 59

Figure 18: Crystal packing diagram for isonicotinate2SnA2 (11). NH···O and NH···N hydrogen bonds 

interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. 

Hydrogen atoms not involved in intermolecular interactions removed for clarity. ................................... 60
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Figure 19: Crystal packing diagram of  dichlorobis(3-aminopropyl)stannane. SnN, NH···Cl and 

CH···Cl interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded 

ellipsoids. Hydrogen atoms not involved in intermolecular interactions removed for clarity. .................. 60
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9.1 Abbreviations 

Chemicals

A 3-Aminopropyl

acac Acetylacetone

Ar Aryl group

Bu Butyl

DABCO 1,4-Diazabicyclo[2.2.2]octane

DBTDA Dibutyltin diacetate

DBTDL Dibutyltin dilaurate

Bu Butyl

Et Ethyl

Et2O Diethyl ether

iPr Isopropyl

KOtBu Potassium tert-butoxide

LAH Lithium aluminium hydride

LDA Lithium diisopropylamide

M Metal 

Me Methyl

MeOH Methanol

NaOMe Sodium methanolate 

Ph Phenyl

PTFE Polytetrafluoroethylene

PVC Polyvinyl chloride

PU Polyurethane 

THF Tetrahydrofuran

TMS Trimethylsilyl 

TMS-Cl Trimethylsilyl chloride 

TMS-OtBu Trimethylsilyl tert-butylether
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Analytical terms

bs Broad singlet

d Doublet

Hz Hertz

J Coupling constant

m Multiplet

MHz Megahertz

Hz Hertz

Mp Melting point

NMR Nuclear magnetic resonance

ppm Parts per million

TGA/DSC-MS Thermogravimetry differential scanning calorimetry mass spectrometry

s Singulet

t Triplet

δ Delta

Others

% Percent

° Degree

°C Degree centigrade

Å Angström

Cat. Catalyst

conc Concentrated

d Deuterated

eq Equivalents

g Gram

h hour

K Kelvin

kcal Kilogram calorie

L Liter

LD50 Median lethal dose
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M Molar

mg Milligram

min Minute

mL Milliliter

mmol Millimol

nm Nanometer

pa Pascal

pKa Acid dissociation constant at logarithmic scale

rt Room temperature

µ Micro

 Delta
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9.2 Crystallographic Data  

Compound Cl4SnA+
2 (1)

Formula C6H18Cl4N2Sn
Fw (g mol-1) 378.71

a (Å) 6.9591(9)
b (Å) 11.6899(16)
c (Å) 8.2685(11)
α (°) 90
β (°) 108.102(5)
γ (°) 90

V (Å3) 639.36(15)
Z 2

Crystal size (mm) 0.15 × 0.12 × 0.10
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 1.967

μ (mm-1) 2.80
T (K) 100(2)

2θ range (°) 3.1–33.2
F(000) 372

Rint 0.064
independent reflns 2421

No. of params 62
R1, wR2 (all data) R1 = 0.0208

wR2 = 0.0523
R1, wR2 (>2σ) R1 = 0.0199

wR2 = 0.0518

Average bond lengths and angles
SnC 

(Å) (avg.)

SnX

(Å) (avg.)

C—Sn—C

(°) (avg.)

2.1449(13) 2.6246(4)

2.6403(4)

180.0
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Compound Br4SnA+
2 (2)

Formula C6H18Br4N2Sn
Fw (g mol-1) 556.55

a (Å) 7.1711(6)
b (Å) 12.2012(11)
c (Å) 8.4423(8)
α (°) 90
β (°) 107.677(2)
γ (°) 90

V (Å3) 703.79(11)
Z 2

Crystal size (mm) 0.14 × 0.12 × 0.09
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 2.626

μ (mm-1) 13.14
T (K) 100(2)

2θ range (°) 3.0–33.0
F(000) 516

Rint 0.097
independent reflns 1230

No. of params 62
R1, wR2 (all data) R1 = 0.0377

wR2 = 0.0839
R1, wR2 (>2σ) R1 = 0.0318

wR2 = 0.0806

Average bond lengths and angles
SnC 

(Å) (avg.)

SnX                                                 
(Å) (avg.)

C—Sn—C

(°) (avg.)

2.142(5) 2.7802(6)

2.7967(6)

180.0
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Compound [Br6Sn] A+Br
2 (3)

Formula Br6Sn·2(C3H9BrN)
Fw (g mol-1) 876.19

a (Å) 10.875(2)
b (Å) 7.536(2)
c (Å) 13.149(3)
α (°) 90
β (°) 110.31(3)
γ (°) 90

V (Å3) 1010.7(4)
Z 2

Crystal size (mm) 0.12 × 0.10 × 0.09
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 2.879

μ (mm-1) 17.06
T (K) 100(2)

2θ range (°) 3.2–33.1
F(000) 796

Rint 0.070
independent reflns 1774

No. of params 91
R1, wR2 (all data) R1 = 0.0206

wR2 = 0.0459
R1, wR2 (>2σ) R1 = 0.0189

wR2 = 0.0452

Average bond lengths and angles
SnC 

(Å) (avg.)

SnX

(Å) (avg.)

C—Sn—C

(°) (avg.)

— 2.5991(8)

2.6058(8)

2.6139(10)

—
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Compound [phenyl2SnA+
2 ][Cl-]2 (4)

Formula C18H28Cl2N2Sn
Fw (g mol-1) 462.01

a (Å) 8.8702(19)
b (Å) 8.932(2)
c (Å) 13.717(3)
α (°) 103.384(8)
β (°) 99.032(7)
γ (°) 94.005(9)

V (Å3) 1037.8(4)
Z 2

Crystal size (mm) 0.10 × 0.05 × 0.05
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.478

μ (mm-1) 1.49
T (K) 100(2)

2θ range (°) 2.5–33.2
F(000) 468

Rint 0.301
independent reflns 3642

No. of params 210
R1, wR2 (all data) R1 = 0.2099

wR2 = 0.2786
R1, wR2 (>2σ) R1 = 0.1439

wR2 = 0.2491

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.1383(14)

2.1361(14)

2.3123(14)

2.3071(13)

2.3543(11)

2.2499(12)

2.712(11)

3.46

175.15(6) 160.53(5) 153.02(4)

155.10(4)
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Compound formate2SnA2 (5)

Formula C8H18N2O4Sn
Fw (g mol-1) 324.93

a (Å) 7.8984(2)
b (Å) 9.9681(3)
c (Å) 15.0083(5)
α (°) 90
β (°) 94.789(1)
γ (°) 90

V (Å3) 1177.51(6)
Z 4

Crystal size (mm) 0.21 × 0.18 × 0.13
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/n
dcalc (mg/m3) 1.833

μ (mm-1) 2.17
T (K) 100(2)

2θ range (°) 2.7–29.0
F(000) 648

Rint 0.037
independent reflns 3130

No. of params 152
R1, wR2 (all data) R1 = 0.0185

wR2 = 0.0378
R1, wR2 (>2σ) R1 = 0.0170

wR2 = 0.0372
Additional Data

Coordination Number 6.5
Carboxylic acid pKa 3.77

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.1383(14)

2.1361(14)

2.3123(14)

2.3071(13)

2.3543(11)

2.2499(12)

2.712(11)

3.46

175.15(6) 160.53(5) 153.02(4)

155.10(4)
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Compound acetate2SnA2

Formula C10H22N2O4Sn
Fw (g mol-1) 352.98

a (Å) 5.8185(3)
b (Å) 7.6883(4)
c (Å) 7.7581(4)
α (°) 75.807(2)
β (°) 83.124(2)
γ (°) 89.113(2)

V (Å3) 334.01(3)
Z 1

Crystal size (mm) 0.10 × 0.08 × 0.02
Crystal habit Plate, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.755

μ (mm-1) 1.92
T (K) 100(2)

2θ range (°) 3.4–27.4
F(000) 178

Rint 0.018
independent reflns 1495

No. of params 88
R1, wR2 (all data) R1 = 0.0190

wR2 = 0.0472
R1, wR2 (>2σ) R1 = 0.0190

wR2 = 0.0472
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.76

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.152(2) 2.2928(19) 2.2422(16) 3.29 180.00(5) 180.0 180.0
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Compound laurate2SnA2 (6)

Formula C30H62N2O4Sn
Fw (g mol-1) 633.50

a (Å) 18.616(5)
b (Å) 8.974(2)
c (Å) 10.391(3)
α (°) 90
β (°) 99.002(10)
γ (°) 90

V (Å3) 1714.6(8)
Z 2

Crystal size (mm) 0.10 × 0.09 × 0.07
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 1.227

μ (mm-1) 0.78
T (K) 100(2)

2θ range (°) 2.5–25.5
F(000) 676

Rint 0.077
independent reflns 3022

No. of params 271
R1, wR2 (all data) R1 = 0.0353

wR2 = 0.0226
R1, wR2 (>2σ) R1 = 0.0629

wR2 = 0.0553
Additional Data

Coordination Number 6
Carboxylic acid pKa 5.3

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.147(3) 2.2923(17) 2.2069(16) 3.35 180.0 180.0 180.00(4)
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Compound stearate2SnA2 (7)

Formula C42H86N2O4Sn
Fw (g mol-1) 801.81

a (Å) 5.5237(9)
b (Å) 8.0469(14)
c (Å) 25.989(4)
α (°) 83.921(7)
β (°) 84.597(7)
γ (°) 88.744(7)

V (Å3) 1143.5(3)
Z 1

Crystal size (mm) 0.10 × 0.09 × 0.08
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.164

μ (mm-1) 0.60
T (K) 296(2)

2θ range (°) 2.4–20.5°
F(000) 434

Rint 0.122
independent reflns 4027

No. of params 225
R1, wR2 (all data) R1 = 0.0755

wR2 = 0.1683
R1, wR2 (>2σ) R1 = 0.0644

wR2 = 0.1599
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.78

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.135(7) 2.300(5) 2.226(4) 3.34 180.0 180.0 180.0
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Compound trifluoroacetate2SnA2 (8)

Formula C10H16F6N2O4Sn
Fw (g mol-1) 460.94

a (Å) 10.8213(12)
b (Å) 9.2201(10)
c (Å) 16.1348(18)
α (°) 90
β (°) 102.711(3)
γ (°) 90

V (Å3) 1570.4(3)
Z 4

Crystal size (mm) 0.20 × 0.15 × 0.09
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/n
dcalc (mg/m3) 1.950

μ (mm-1) 1.71
T (K) 100(2)

2θ range (°) 2.6–33.2
F(000) 904

Rint 0.051
independent reflns 5992

No. of params 224
R1, wR2 (all data) R1 = 0.0185

wR2 = 0.0378
R1, wR2 (>2σ) R1 = 0.0170

wR2 = 0.0372
Additional Data

Coordination Number 6
Carboxylic acid pKa -0.25

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.1325(15)

2.1376(16)

2.3091(13)

2.2976(13)

2.2549(13)

2.2380(13)

3.42

3.47

179.58(7) 178.34(5) 178.88(4)



Appendix  

  107 

Compound perfluorononanoate2SnA2 (9)

Formula C48H32F68N4O8Sn2

Fw (g mol-1) 2322.15
a (Å) 9.678(3)
b (Å) 10.989(3)
c (Å) 16.733(5)
α (°) 84.889(10)
β (°) 88.997(11)
γ (°) 89.837(11)

V (Å3) 1772.1(8)
Z 1

Crystal size (mm) 0.09 × 0.06 × 0.06
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 2.176

μ (mm-1) 0.94
T (K) 100(2)

2θ range (°) 2.4–32.9
F(000) 1124

Rint 0.255
independent reflns 13626

No. of params 589
R1, wR2 (all data) R1 = 0.3924

wR2 = 0.6101
R1, wR2 (>2σ) R1 = 0.3341

wR2 = 0.5903
Additional Data

Coordination Number 6
Carboxylic acid pKa 0

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.144 (14) 2.318 (12) 2.248 (10) 3.56 180.0 (8) 180.0 180.0



Appendix  

  108 

Compound benzoate2SnA2 (10)

Formula C20H26N2O4Sn
Fw (g mol-1) 477.12

a (Å) 12.3466(10)
b (Å) 7.7158(6)
c (Å) 11.3452(9)
α (°) 90
β (°) 110.744(2)
γ (°) 90

V (Å3) 1010.72(14)
Z 2

Crystal size (mm) 0.12 × 0.11 × 0.09
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 1.568

μ (mm-1) 1.29
T (K) 100(2)

2θ range (°) 3.2–33.1
F(000) 484

Rint 0.081
independent reflns 1782

No. of params 132
R1, wR2 (all data) R1 = 0.0259

wR2 = 0.0606
R1, wR2 (>2σ) R1 = 0.0222

wR2 = 0.0568
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.2

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.139(2) 2.3118(18) 2.2148(15) 3.39 180.0 180.0 180.0
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Compound isonicotinate2SnA2 (11)

Formula C18H24N4O4Sn
Fw (g mol-1) 479.10

a (Å) 6.4461(5)
b (Å) 20.6594(16)
c (Å) 8.0643(6)
α (°) 90
β (°) 986.88(13)
γ (°) 90

V (Å3) 986.88(13)
Z 2

Crystal size (mm) 0.14 × 0.12 × 0.09
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21

dcalc (mg/m3) 1.612
μ (mm-1) 1.33

T (K) 100(2)
2θ range (°) 2.8–26.4

F(000) 484
Rint 0.303

independent reflns 7566
No. of params 244

R1, wR2 (all data) R1 = 0.1279

wR2 = 0.1312
R1, wR2 (>2σ) R1 = 0.0660

wR2 = 0.1179
Additional Data

Coordination Number 7
Carboxylic acid pKa 4.58

Average bond lengths and angles
SnC

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.126(8)

2.154(8)

2.308(8)

2.333(7)

2.477(6)

2.248(6)

2.433(6) 176.9(4) 158.7(3) 144.4(2)

161.3(2)
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Compound p-fluorobenzoate2SnA2 (12)

Formula C20H24F2N2O4Sn
Fw (g mol-1) 513.10

a (Å) 6.4102(3)
b (Å) 7.7883(3)
c (Å) 10.6891(4)
α (°) 101.258(2)
β (°) 97.155(2)
γ (°) 100.442(2)

V (Å3) 507.59(4)
Z 1

Crystal size (mm) 0.20 × 0.15 × 0.09
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.679

μ (mm-1) 1.31
T (K) 100(2)

2θ range (°) 2.7–33.0
F(000) 258

Rint 0.043
independent reflns 1773

No. of params 141
R1, wR2 (all data) R1 = 0.0178

wR2 = 0.0383
R1, wR2 (>2σ) R1 = 0.0177

wR2 = 0.0382
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.14

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.1331(17) 2.3042(16) 2.2280(12) 3.29 180.0 180.0 180.00(6)
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Compound cyclopropanecarboxylate2SnA2 (13)

Formula C14H26N2O4Sn
Fw (g mol-1) 405.06

a (Å) 18.6320(9)
b (Å) 11.0060(5)
c (Å) 17.4994(9)
α (°) 90
β (°) 112.857(2)
γ (°) 90

V (Å3) 3306.7(3)
Z 8

Crystal size (mm) 0.11 × 0.09 × 0.08
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 1.627

μ (mm-1) 1.56
T (K) 100(2)

2θ range (°) 2.3–33.2
F(000) 1648

Rint 0.089
independent reflns 12615

No. of params 379
R1, wR2 (all data) R1 = 0.1116

wR2 = 0.2468
R1, wR2 (>2σ) R1 = 0.0913

wR2 = 0.2244
Additional Data

Coordination Number 7
Carboxylic acid pKa 4.78

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.145(5)

2.147(6)

2.313(5)

2.348(5)

2.441(4)

2.450(4)

2.218(4) 177.1(2) 160.81 17) 149.15(15)
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Compound cyclobutanecarboxylate2SnA2 (14)

Formula C16H30N2O4Sn
Fw (g mol-1) 433.11

a (Å) 9.3845(4)
b (Å) 11.1940(4)
c (Å) 17.8704(7)
α (°) 90
β (°) 91.416(1)
γ (°) 90

V (Å3) 1876.71(13)
Z 4

Crystal size (mm) 0.09 × 0.09 × 0.07
Crystal habit Block, colourless

Crystal system Monoclinic
Space group P21/n
dcalc (mg/m3) 1.533

μ (mm-1) 1.38
T (K) 100(2)

2θ range (°) 2.4–33.2
F(000) 888

Rint 0.053
independent reflns 7154

No. of params 232
R1, wR2 (all data) R1 = 0.0333

wR2 = 0.0716
R1, wR2 (>2σ) R1 = 0.0300

wR2 = 0.0704
Additional Data

Coordination Number 7
Carboxylic acid pKa 4.8

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.131(2)

2.132(2)

2.3318(17)

2.3477(17)

2.4838(15)

2.2247(14)

2.4255(14) 175.45(8) 158.28(6) 149.89(5)

156.78(5)
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Compound cyclopentanecarboxylate2SnA2 (15)

Formula C18H34N2O4Sn
Fw (g mol-1) 461.16

a (Å) 9.7663(4)
b (Å) 9.4277(4)
c (Å) 11.2803(5)
α (°) 90
β (°) 110.946(1)
γ (°) 90

V (Å3) 969.98(7)
Z 2

Crystal size (mm) 0.08 × 0.02 × 0.02
Crystal habit Plate, colourless

Crystal system Monoclinic
Space group P21/c
dcalc (mg/m3) 1.579

μ (mm-1) 1.34
T (K) 100(2)

2θ range (°) 2.9–33.3
F(000) 476

Rint 0.076
independent reflns 1706

No. of params 115
R1, wR2 (all data) R1 = 0.0414

wR2 = 0.0756
R1, wR2 (>2σ) R1 = 0.0321

wR2 = 0.0714
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.8

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.141(4) 2.288(3) 2.194(3) 3.48 180.0 180.0 180.0
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Compound cyclohexanecarboxylate2SnA2 (16)

Formula C20H38N2O4Sn
Fw (g mol-1) 489.21

a (Å) 17.5303(8)
b (Å) 6.3940(4)
c (Å) 20.4804(9)
α (°) 90
β (°) 107.697(2)
γ (°) 90

V (Å3) 2187.0(2)
Z 4

Crystal size (mm) 0.15 × 0.12 × 0.10
Crystal habit Block, colourless

Crystal system Monoclinic
Space group C2/c
dcalc (mg/m3) 1.486

μ (mm-1) 1.20
T (K) 100(2)

2θ range (°) 2.7–33.2
F(000) 1016

Rint 0.335
independent reflns 4164

No. of params 132
R1, wR2 (all data) R1 = 0.1767

wR2 = 0.1843
R1, wR2 (>2σ) R1 = 0.0713

wR2 = 0.1450
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.91

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.142(5) 2.279(5) 2.201(4) 3.33 180.0 180.00(15) 180.0(3)
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Compound adamantanecarboxylate2SnA2 (17)

Formula C28H46N2O4Sn
Fw (g mol-1) 593.36

a (Å) 6.3951(5)
b (Å) 10.8595(9)
c (Å) 11.3399(9)
α (°) 117.072(4)
β (°) 95.219(4)
γ (°) 98.560(4)

V (Å3) 682.07(10)
Z 1

Crystal size (mm) 0.39 × 0.13 × 0.12
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.445

μ (mm-1) 0.97
T (K) 100(2)

2θ range (°) 3.3–27.7
F(000) 310

Rint 0.080
independent reflns 3269

No. of params 169
R1, wR2 (all data) R1 = 0.0402

wR2 = 0.0746
R1, wR2 (>2σ) R1 = 0.0356

wR2 = 0.0732
Additional Data

Coordination Number 6
Carboxylic acid pKa 4.86

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.150(3) 2.296(3) 2.182(2) 3.38 180.0 180.0 180.0



Appendix  

  116 

Compound laurate2 
npropylSnA (18)

Formula C30H61NO4Sn
Fw (g mol-1) 618.48

a (Å) 5.7911(5)
b (Å) 9.4400(8)
c (Å) 32.378(3)
α (°) 82.674(4)
β (°) 89.992(4)
γ (°) 72.175(3)

V (Å3) 1669.9(3)
Z 2

Crystal size (mm) 0.11 × 0.09 × 0.07
Crystal habit Block, colourless

Crystal system Triclinic
Space group P-1 
dcalc (mg/m3) 1.230

μ (mm-1) 0.80
T (K) 100(2)

2θ range (°) 2.3–23.6
F(000) 660

Rint 0.210
independent reflns 5854

No. of params 422
R1, wR2 (all data) R1 = 0.1646

wR2 = 0.1917
R1, wR2 (>2σ) R1 = 0.0713

wR2 = 0.1544
Additional Data

Coordination Number 7
Carboxylic acid pKa 5.3

Average bond lengths and angles
SnC 

(Å) (avg.)

SnN

(Å) (avg.)

SnO

(Å) (avg.)

SnO

(Å) (avg.)

C—Sn—C

(°) (avg.)

N—Sn—N

(°) (avg.)

O—Sn—O

(°) (avg.)

2.124(13)

2.183(16)

2.322(12) 2.226(5) 

2.364(7)

2.275(5)

2.403(8)

168.8(8) 83.02(17)
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