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Aims of the present study 

 

 

The aim of the present work was the synthesis and structural characterization, both in 

solution and in solid state, of new organoantimony(III) compounds containing ligands with 

intramolecular coordinating ability and also of new ionic organoantimony(V) derivatives. 

 

Mono- and diorganoantimony(III) halides are important starting materials in the 

organometallic chemistry of antimony. Another aspect of the present work was to prove the 

reactivity of organoantimony(III) halides to hydrolysis, thiolysis and the investigation of the potential 

of the new hypervalent organoantimony(III) compounds to coordinate to metalcarbonyl fragments. 

 

The synthesis and investigation of new ionic organoantimony compounds stabilized by 

intramolecular coordination was achieved. 

 

The halogen exchange reactions between the organoantimony bromides and potassium 

fluoride did not work. A new route was established for the synthesis of new organoantimony(III) 

fluorides. 

 

Another interest was to investigate some new onium diorganotetrafluoro-, -chloro- and –

bromoantimonates, i.e. the structure of the tetrahedral cations and the octahedral anions with the 

organic groups in trans positions. 
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III.A. Organoantimony(III) halides containing the 2-[(2',6'-
iPr2C6H3)N=CH]C6H4 and 2-[(2',4',6'-Me3C6H2)N=CH]C6H4 fragments 

 

III.A.2. Preparation 

 

The aim of the present work was the synthesis and structural characterization, both in 

solution and in the solid state, of new organoantimony compounds containing bulky organic ligands 

with intramolecular coordinating ability. Our interest was to study the behavior of these new 

organoantimony derivatives. 

The organic imine ligands were synthesized in high yields using reported procedures,68 i.e. by 

condensation of 2-bromobenzaldehyde with the corresponding amine in toluene, using a Dean-Stark 

receiver (Scheme 1). Their formation was confirmed by 1H and 13C NMR spectroscopy. 
 

 

 

Scheme 1. 
 

Grignard reagents were used to obtain the new organoantimony(III) halides of the type [2-

{(2',6'-iPr2C6H3)N=CH}C6H4]2SbClnBrm, [2-{(2',4',6'-Me3C6H2)N=CH}C6H4]2SbClnBrm (n + m = 1), and [2-

{(2',6'-iPr2C6H3)N=CH}C6H4]SbClnBrm, [2-{(2',4',6'-Me3C6H2)N=CH}C6H4]SbClnBrm (n + m = 2), followed 

by halogen exchange reactions between the mixture of chloro / bromo derivatives and KBr in CH2Cl2 

/ water mixture, at room temperature (Scheme 2).61 

The Grignard reactions were performed in inert atmosphere (argon), using Schlenk 

techniques, and the solvents were dried and freshly distilled prior to use. The organoantimony(III) 

bromides R2SbBr (3), RSbBr2 (4) [R = 2-(2',6'-iPr2C6H3N=CH)C6H4] and R'2SbBr (5) and R'SbBr2 (6) [R' = 

2-(2',4',6'-Me3C6H2N=CH]C6H4] were isolated as yellow, air-stable crystalline products, which are 

thermally stable and melt without decomposition. 

The identity of compounds 3–6 was confirmed by NMR and IR spectroscopy, elemental 

analysis, mass spectrometry and the molecular structures were determined by single crystal X-ray 

diffraction. 
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Scheme 2. Preparation of organoantimony(III) bromides 3–6. 
 

 

III.A.5. NMR spectroscopy 

 

The solution behavior of monobromide R2SbBr (3) was investigated by NMR spectroscopy. The 
1H NMR spectrum was measured in CDCl3 and DMSO-d6 at room temperature. In the 1H NMR 

spectrum measured in DMSO-d6, (Figure 1) the resonances are better resolved and exhibits in the 

aliphatic region six doublets resonances which correspond to the methyl protons of the isopropyl 

groups and three unresolved heptet resonances, which were assigned to the methine protons of the 

isopropyl groups. Also the aromatic region exhibits two types of resonances for the aromatic 

protons. This result suggests that the organic ligands are non-equivalent. The non-equivalence of the 

organic groups is given by the intramolecular N→Sb interactions in solution at room temperature 

which are present also in the solid state. 

In one of the organic group the free rotation around Sb–C bond is blocked by the strong 

coordination of the nitrogen atom of the pendant arm to the antimony whereas in the other ligand 

the presence of a weaker coordination of the nitrogen atom to the antimony does not block the free 

rotation of the 2-(2',6'-iPr2C6H3N=CH)C6H4. 
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Figure 1. 1H NMR (DMSO-d6, 500 MHz, r.t.) spectrum of compound R2SbBr (3); (a) aliphatic region; 

(b) aromatic region. 
 

The 1H NMR spectrum of monobromide R'2SbBr (5) was measured in CDCl3 and exhibited in 

the aliphatic region two singlet resonances for the methyl protons placed in orto (δ 1.65 ppm) and 

para (δ 2.20 ppm) positions, respectively, of the mesityl moiety. Also the aromatic region of 5 

showed the expected proton resonances. The singlet resonance for the -CH=N- group was found at δ 

8.29 ppm (see Figure 2).  
 

 
 

Figure 2. 1H NMR (CDCl3, 500 MHz, r.t.) spectrum of compound R'2SbBr (5). 
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The 1H and 13C NMR spectra of dibromides 4 and 6 were measured in a solution of CDCl3, at 

room temperature. 

The 1H NMR spectrum of dibromide 4 shows in the aliphatic region two doublets resonances 

which correspond to the methyl protons -CH(CH3)2 of the isopropyl groups (δ 1.16 ppm, 1.28 ppm) 

due to diastereotopicity and a heptet resonance for the methine, -CH(CH3)2, protons of the isopropyl 

groups (δ 2.98 ppm). The 1H NMR spectrum of dibromide 6 exhibits in the aliphatic region two 

singlet resonances for the methyl protons placed in orto (δ 2.24 ppm) and para (δ 2.32 ppm) 

positions of the mesityl moiety. The aromatic region of 1H NMR spectra of compounds 4 and 6 

contains each three resonances for the four different protons of the C6H4 group, one multiplet 

resonance for the protons which belong to the 2',6'-iPr2C6H3 group in the case of 4 (δ 7.28 ppm) and 

2',4',6'-Me3C6H2 group in the case of 6 (δ 6.96 ppm) and one singlet resonance for the -CH=N- group 

(δ 8.48 ppm for 4 and δ 8.54 ppm for 6). The most deshielded resonance is the resonance which 

corresponds to the protons in the ortho position to the antimony atom (δ 8.90 ppm for 4 and δ 8.84 

ppm for 6) (Figure 3). The 13C NMR spectra contain the expected singlet resonances for the aliphatic 

and aromatic carbons, in the case of both dibromides 4 and 6. 

 

 
(a) 

 

 
(b) 

 

Figure 3. 1H NMR (CDCl3, 500 MHz, r.t.) spectra of compounds 4 (a) and 6 (b). 
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III.A.6. Single-crystal X-ray diffraction studies 

 

The molecular structures of compounds [2-{(2',6'-iPr2C6H3)N=CH}C6H4]2SbBr (3), [2-{(2',6'-
iPr2C6H3)N=CH}C6H4]SbBr2 (4) and [2-{(2',4',6'-Me3C6H2)N=CH}C6H4]SbBr2 (6) were determined by 

single-crystal X-ray diffraction studies. In the case of compound [2-{(2',4',6'-

Me3C6H2)N=CH}C6H4]2SbBr (5) no good crystals were obtained. 

The crystal monobromide [2-{(2',6'-iPr2C6H3)N=CH}C6H4]2SbBr (3), Figure 4 contains discrete 

molecules. The molecule displays a distorted square bipyramidal coordination geometry around 

antimony, with nitrogen atoms of both organic substituents coordinated to antimony. The nitrogen 

atoms are located in equatorial positions, with N(1) atom trans to the halogen atom [N(1)-Sb(1)-

Br(1) 165.43(10)°. The nitrogen atom N(1) is strongly coordinated to antimony [Sb(1)-N(1) 2.498(4) 

Å] whereas the nitrogen atom N(2) of the molecular unit exhibits a weaker intramolecular 

interaction [Sb(1)-N(2) 2.996(7) Å], its vector lying almost trans to a carbon atom. The resulting 

SbC3N rings are basically planar. If both intramolecular N→Sb interactions per metal are taken into 

account, the geometry around the antimony atom is distorted square pyramidal [(C,N)2SbBr core; 

hypervalent 12-Sb-5 species70,71], with the C(20) atom in the apical position. 
 

 

Figure 4. ORTEP representation at 30% probability ellipsoids of the molecular structure of the (CSb)-3 

isomer, showing the atomic numbering scheme. Hydrogen atoms are omitted for clarity. 
 
 

The two organic ligands bearing the pendant arm are non-equivalent (the aromatic rings are 

placed in apical and equatorial positions, respectively, of the overall metal coordination core)62 and 

therefore the chirality at the antimony atom can be described in term of CSb (clockwise) and ASb 

(anticlockwise) isomers.69 Indeed, the crystal of 3 contains a 1:1 mixture of (CSb) and (ASb) isomers. 

The solid state molecular structures of the dihalides [2-{(2',6'-iPr2C6H3)N=CH}C6H4]SbBr2 (4) 

and [2-{(2',4',6'-Me3C6H2)N=CH}C6H4]SbBr2 (6), (Figure 5)show that the nitrogen atom of the pendant 

arm is coordinated to the antimony atom [Sb(1)-N(1) 2.395(3) Å for 4; 2.346(3) Å for 6] trans to a 

bromine atom [N(1)-Sb(1)-Br(1) 164.82(5)° for 4; 163.60(7)° for 6]. The resulting geometry around 

antimony is distorted pseudo-trigonal-bipyramidal [(C,N)SbBr2 core], with a planar SbC3N ring. 
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(a)             (b) 
 

Figure 5. ORTEP representation at 50% probability and atom numbering scheme for (a) (CSb)-4, and 

(b) (ASb)-6 isomers. Hydrogen atoms are omitted for clarity. 

Due to the chelating nature of the organic ligand, the dihalides [2-{(2',6'-
iPr2C6H3)N=CH}C6H4]SbBr2 (4) and [2-{(2',4',6'-Me3C6H2)N=CH}C6H4]SbBr2 (6) exhibit chirality at the 

antimony atom and crystallize as racemates, i.e. 1:1 mixtures of (CSb) and (ASb) isomers of 4 and 6, 

respectively. The crystals of 4 and 6 contain centrosymetric dimer associations built from (CSb) and 

(ASb) isomers via bridging interactions involving the Br(1) atom, which is located in trans to the 

nitrogen atom in the molecular unit.  
 

 

III.A.7. Conclusions 

 

 New organoantimony(III) bromides with organic imine ligands containing nitrogen atom(s) 

able to coordinate intramolecularly to antimony were obtained and structurally characterized 

both in solution and in solid state. 

 Non-equivalence of the organic ligands in solution as well as in the solid state was observed 

for the monobromide [2-{(2',6'-iPr2C6H3)N=CH}C6H4]2SbBr (3). The free rotation of the aromatic 

group attached to nitrogen is blocked due to the presence of the strong coordination of the 

nitrogen atom of the pendant arm to the antimony atom. 

 In the solid state the intramolecular coordination of the nitrogen atoms to antimony induces 

chirality at the antimony atom. 

 Due to the chelating nature of the organic ligand, the dihalides 4 and 6 crystallize as 

racemates, i.e. 1:1 mixtures of (CSb) and (ASb) isomers. 

 The dimers 4 and 6 are composed of (CSb) and (ASb) isomers and are formed by centrosymetric 

association via bridging bromine; this results in overall distorted square pyramidal (C,N)SbBr3 

coordination cores (12-Sb-5 species). 



8 PhD Thesis Ana-Maria Preda: Homo- and Heteronuclearorganoantimony compounds  

 

 

III.B. Organoantimony(III) chalcogenides containing the 2-[(2',6'-
iPr2C6H3)N=CH]C6H4 and 2-[(2',4',6'-Me3C6H2)N=CH]C6H4 fragments 

 

 

III.B.2. Preparation 

 

In our study, the sulfides [{2-((2',6'-Pri
2C6H3)N=CH)C6H4}2Sb]2S (7), cyclo-[{2-((2',6'-

iPr2C6H3)N=CH)C6H4}SbS]2 (8) and cyclo-[{2-((2',4',6'-Me3C6H2)N=CH)C6H4}SbS]2 (9) were prepared by 

the reaction of R2SbBr (3) with Na2S (for 7), or RSbBr2 (4) and R'SbBr2 (6) with Na2S (for 8 and 9, 

respectively) in water/toluene mixtures (Scheme 3). The oxide cyclo-[{2-((2',6'-
iPr2C6H3)N=CH)C6H4}SbO]3 (10) was obtained by the reaction between 4 and KOH in water/toluene 

mixture (Scheme 4). 

 

Scheme 3.  

 

The metalcarbonyl complexes, cis-cyclo-[({2-((2',6'-iPr2C6H3)N=CH)C6H4}SbS)2-W(CO)5] (11) and 

cis-cyclo-[({2-((2',4',6'-Me3C6H2)N=CH)C6H4}SbS)2W(CO)5] (12) were prepared by the reaction 

between the heterocyclic sulfides cyclo-[RSbS]2 (8) and cyclo-[R'SbS]2 (9) with [W(CO)5(thf)]. The 

reactions were performed in THF solution at ambient temperature, in a 1:1 molar ratio (Scheme 3). 

Treatment of the oxide cyclo-[RSbO]3 (10) with selenourea gave the corresponding selenide 

cyclo-[{2-((2',6'-iPr2C6H3)N=CH)C6H4}SbSe]3 (13) and urea as the by-product. When the oxide 10 was 

reacted with thiourea no chalcogen exchange reaction occurred. This fact was confirmed by 1H NMR 

spectroscopy which showed the pattern resonances belonging to the oxide 10. 
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The monobromide R''2SbBr (14) [R'' = 2-(Me2NCH2)C6H4] was reduced with Mg in THF to give 

the distibane R''2Sb‒SbR''2, which was converted in situ into the oxide [{2-(Me2NCH2)C6H4}2Sb]2O (15) 

by air oxidation.63 Also the oxide (R''2Sb)2O (15) was treated with selenourea in THF, at room 

temperature to obtain the corresponding selenide [{2-(Me2NCH2)C6H4}2Sb]2Se (16) (Scheme 4). 
 

 
 

Scheme 4. 

 

The treatment of the corresponding oxides with selenourea is a new route for the preparation 

of new organoantimony(III) complexes containing antimony-selenium bonds. 

All compounds were characterized by NMR, IR spectroscopy, mass spectrometry, elemental 

analysis, and the molecular structures of most compounds were determined by single-crystal X-ray 

diffraction studies. Single-crystals suitable for X-ray diffraction studies were obtained by slow 

diffusion of n-hexane into solutions of CH2Cl2 (3:1 v/v) (for compounds 7–9, 11, 16) and a CHCl3 

solution (3:1 v/v) (for 15). 
 

 

III.B.5. NMR spectroscopy 

 

In the case of the chalcogenides [R2Sb]2S (7), cyclo-[RSbS]2 (8) and cyclo-[R'SbS]2 (9) the NMR 

data were recorded in CDCl3. For 7 and 9 these data suggest a dynamic process concerned to the 

coordination of nitrogen to antimony which is very fast at room temperature.  

The 1H NMR spectrum at room temperature of compound cyclo-[RSbS]2 (8) (Figure 8) showed 

in the aliphatic region a broad singlet resonance and a heptet for the methyl protons and methine 

protons from the isopropyl groups, respectively. 
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Figure 8. 1H NMR (CDCl3, 500 MHz, r.t.) spectrum of compound cyclo-[RSbS]2 (8); isomer A (•), 

isomer B (*). 

 

The aromatic region of cyclo-[RSbS]2 (8) shows two sets of signals with an integral ratio of 

1.8:1 for the aromatic protons, a behavior assumed to suggest that both cis and trans isomers are 

present in solution. The resonance which corresponds to the protons in the ortho position to 

antimony of one of the isomers (δ 9.09 ppm) is the more deshielded resonance and the resonances 

for the -CH=N- group were found at δ 8.35 ppm in the case of both isomers. 

The room temperature 1H NMR spectrum of sulfide cyclo-[R'SbS]2 (9) (Figure 10) was 

measured in CDCl3 and is also consistent with the presence of two isomers in the integral ratio of 

1.4:1. The aliphatic region exhibits three singlet resonances. The most shielded ones were assigned 

to the protons of the methyl groups placed in positions 2' and 6' of the organic ligand belonging to 

one of the two isomers. The third, most deshielded resonance is the result of overlapping of the 

resonances corresponding to the protons of methyl group placed in position 4' of the ligand, in both 

isomers. This was proved by an variable-temperature 1H NMR study (Figure 11). 

 

Figure 10. 1H NMR (CDCl3, 500 MHz, r.t.) spectrum of compound cyclo-[R'SbS]2 (9); isomer A (•), 

isomer B (*). 
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In the 1H NMR spectrum of 9 at –60 °C it could be observed that resonances which belong to 

the protons of the methyl group placed in position 4' of the organic ligand in the two isomers are 

now well separated. 

 

 
 

Figure 11. Variable-temperature 1H NMR (CDCl3, 300 MHz) spectra of 9. 

 

The 1H NMR spectrum of compound cyclo-[RSbO]3 (10) was recorded in CDCl3, at room 

temperature. The aliphatic region shows two complex multiplets for the methyl protons and for the 

methine protons, respectively, of the isopropyl groups of the organic ligands placed in trans and cis 

positions with respect to the six-membered Sb3O3 ring of chair conformation. The aryl region of the 
1H NMR spectrum contains two sets of signals with an integral ratio of 2:1 for the aromatic protons 

(Figure 12). The 13C NMR spectrum of the oxide 10 also exhibits two sets of aromatic resonances for 

the ligands placed in trans and cis positions (Figure 13). 

For the metalcarbonyl complex cis-cyclo-[(RSbS)2W(CO)5] (11) the 1H NMR spectrum (Figure 

14) shows only one set of resonances, i.e. two multiplets resonances in the aliphatic region which 

were assigned to the methyl and methine protons belonging to the the isopropyl groups, as well as 

the expected resonances in the aromatic region. 
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Figure 12. 1H NMR (CDCl3, 500 MHz, r.t.) spectrum of 10. 

 

 

 
(aliphatic region) 

 

 
(aromatic region) 

 

Figure 13. 13C NMR (CDCl3, 500 MHz, r.t.) spectrum of 10. 
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Figure 14. 1H NMR (CDCl3, 300 MHz, r.t.) spectrum of complex cis-cyclo-[(RSbS)2W(CO)5] (11). 

 

The room temperature 1H NMR spectrum of 16 (Figure 17) shows in the aliphatic region a 

singlet resonance, corresponding to the methyl protons (δ 2.07 ppm), and an AB spin system with A 

at 3.40 and B at 3.95 ppm for the methylene protons. As for the starting material 15, the presence of 

only one set of signals indicates the equivalence of the organic ligands in solution due to a fast 

dynamic behavior. 

 

 
 

Figure 17. 1H NMR (CDCl3, 300 MHz, r.t.) spectrum of (R''2Sb)2Se (16). 

 

The presence of only one singlet resonance in the 77Se spectrum (δ –179.89 ppm) (Figure 19) 

is consistent with the presence of one selenium-containing species, i.e. the 

bis(diorganoantimony)selenide 16, in solution. 

The assignment of the resonances in the 1H and 13C NMR spectra of compound 13, 15 and 16 

was based on the bidimensional H-H (COSY) and H-C (HSQC, HMBC) experiments. 
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Figure 19. 77Se NMR (CDCl3, 57.26 MHz, r.t.) spectrum of (R''2Sb)2Se (16) 

 

 

III.B.6. Single–crystal X–ray diffraction studies 

 

The chalcogenides [{2-((2',6'-Pri
2C6H3)N=CH)C6H4}2Sb]2S (7), [{2-(Me2NCH2)C6H4}2Sb]2O (15)63 

and [{2-(Me2NCH2)C6H4}2Sb]2Se (16) crystallize in the monoclinic space group C2/c. A first molecular 

structure determination of the oxide 15 has been already reported.76 In all cases the crystals contain 

discrete molecules, with distances between heavy atoms larger than the sum of the corresponding 

van der Waals radii. 

In the molecule of sulfide 7 (Figure 20) only one of the organic groups 2-[(2',6'-
iPr2C6H3)N=CH]C6H4 per metal atom acts as a bidentate chelating ligand, its nitrogen atom being 

coordinated to antimony trans to the Sb(1)-S(1) bond [N(1)-Sb(1)-S(1) 166.14(3)°].  

The strength of the nitrogen-antimony interaction trans to the chalcogen atom in 7 [Sb(1)-N(1) 

2.6162(17) Å] is stronger than in the oxide 15 [Sb(1)-N(1) 2.775(5) Å] or in the selenide 16 [Sb(1)-N(1) 

2.8333(36) Å]. The [Sb(1)-N(1) bond distance in 7 is also shorter than in the related sulfide [{2-

(Me2NCH2)C6H4}2Sb]2S [Sb(1)-N(1) 2.855(3) Å].63  

This contrasts to the situation observed in the molecules of the chalcogenides 15 (Figure 21) 

and 16 (Figure 22) in which all the 2-(Me2NCH2)C6H4 groups act as bidentate C,N-chelating ligands 

with intramolecular N→Sb interactions trans to the Sb(1)-O(1) and Sb(1)-C(1) bonds [N(1)-Sb(1)-O(1) 

161.32(12)°; C(1)-Sb(1)-N(2) 157.85(17)°] (for 15) and Sb(1)-Se(1) and Sb(1)-C(1) bonds [N(1)-Sb(1)-

Se(1) 160.23(8)°; C(1)-Sb(1)-N(2) 163.61(12)°] (for 16), respectively. The internal N(2)→Sb(1) 

interactions trans to the C(1) atom are considerably longer [Sb(1)-N(2) 3.240(4) Å in 15;63 Sb(1)-N(2) 

3.0671(42) Å in 16] than the N(1)→Sb(1) interactions, but however they lie between the sums of the 

corresponding covalent *Σrcov(Sb,N) 2.11 Å+ and van der Waals radii *ΣrvdW(Sb,N) 3.74 Å].28 
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Figure 20. ORTEP representation at 50% probability and atom numbering scheme for (CSb1/CSb1a)−7 

isomer [symmetry equivalent atoms (–x, y, 0.5 – z) are labelled with “a”+ Hydrogen atoms are 

omitted for clarity. 

 
 

 

 

Figure 21. ORTEP representation at 30% probability and atom numbering scheme for 

(SN1,RN2,ASb1/SN1a,RN2a,ASb1a)−15 isomer [symmetry equivalent atoms (–x, y, 0.5 – z) are labelled 

with“a”+. Hydrogen atoms are omitted for clarity. 

 

 

In the case of compounds 15 and 16, if both intramolecular N→Sb interactions per metal are 

taken into account, the geometry around each antimony atom is distorted square pyramidal 

[(C,N)2SbE core; hypervalent 12-Sb-5 species70,71], with the C(10) atom in the apical position and the 

C(1), the chalcogen and the two nitrogen atoms describing the basal plane.  
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Figure 22. ORTEP representation at 30% probability and atom numbering scheme for 

(SN1,RN2,ASb1/SN1a,RN2a,ASb1a)−16 isomer [symmetry equivalent atoms (–x, y, 0.5 – z) are labelled with 

“a”+. Hydrogen atoms are omitted for clarity. 

 

 

The crystals of the cyclic sulfides 8 and 9 consist of a 1:1 racemic mixture of dinuclear units of 

trans-cyclo-(CSb1/ASb1a) and trans-cyclo-(ASb1/CSb1a) isomers. The molecular structures of isomers 

trans-cyclo-(CSb1/ASb1a)-8 and trans-cyclo-(CSb1/ASb1a)-9 are depicted in Figure 23 and Figure 24, 

respectively. 

 

 
 

Figure 23. ORTEP representation at 50% probability and atom numbering scheme for trans-cyclo-

(CSb1/ASb1a)-8 isomer [symmetry equivalent atoms (–x, –y, 2 – z) are labelled with “a”+. Hydrogen 

atoms are omitted for clarity. 

 

Within the Sb2S2 ring the antimony-sulfur bond distances are different, i.e. Sb(1)-S(1a) bond 

distance [2.527(9) Å in 8 and 2.553(10) Å in 9] being longer in comparison with the Sb(1)-S(1) bond 

[2.417(10) Å in 8 and 2.402(9) Å in 9]. In both compounds there is a strong coordination of the 

nitrogen from the pendant arm to each antimony atom [Sb(1)-N(1) 2.558(2) Å in 8, and 2.553(2) Å in 

9] trans to a sulfur atom [N(1)-Sb(1)-S(1a) 161.56(6)° in 8, and 161.88(6)° in 9]. The resulting SbC3N 
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ring is basically planar, with deviations less than 0.1 Å for the nitrogen atom from the remaining best 

SbC3 plane. 

The aryl substituents occupy trans positions with respect to the central, planar four-

membered Sb2S2 ring, with endocyclic angles on the antimony and sulfur atoms closed to 90° [Sb(1)-

S(1)-Sb(1a) 90.92(3) and S(1)-Sb(1)-S(1a) 89.08(3)° for 8; Sb(1)-S(1)-Sb(1a) 91.31(3) and S(1)-Sb(1)-

S(1a) 88.69(3)° for 9]. The transannular Sb(1)···Sb(1a) non−bonding distances [3.525(4) Å in 8; 

3.530(4) Å in 9] are almost similar to that found in trans-cyclo-[{2-(Me2NCH2)C6H4}SbS]2 

[Sb(1)···Sb(1a) 3.549(5) Å].43 

 

 
 
Figure 24. ORTEP representation at 50% probability and atom numbering scheme for trans-cyclo-

(CSb1/ASb1a)-9 isomer [symmetry equivalent atoms (1–x, 1–y, –z) are labelled with “a”+. Hydrogen 

atoms are omitted for clarity. 
 

 

III.B.7. Conclusions 

 

 New organoantimony(III) sulfides, with ligands containing nitrogen atom able to coordinate 

intramolecularly through N→Sb, and some of their metalcarbonyl complexes were obtained 

and structurally characterized both in solution and in solid state. 
 

 The intramolecular N→Sb coordination induces chirality at the antimony atom. 
 

 For the chalcogenides 7, 8 and 13 the presence of the broad pattern of the resonance for 

methyl protons of the isopropyl groups suggests a fluxional behavior at room temperature in 

solution, i.e. dissociation – re-coordination of the nitrogen to antimony. 
 

 In the case of the oxide 10 and selenide 13 the NMR data are indicative for two sets of signals 

with an integral ratio of 2:1, suggesting the formation of a trimer, cis-trans-(RSbE)3. The 

presence in solution of both cis and trans isomers was assumed in the case of disulfides 8 and 

9. 
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III.C. Ionic organoantimony(III) derivatives containing ligands with 

pendant arms and their corresponding fluorides 

 

III.C.2. Preparation 

 

The monobromides R2SbBr (3) and R'2SbBr (5) [R = 2-{(2',6'-Pri
2C6H3)N=CH}C6H4; R' = 2-

{(2',4',6'-Me3C6H2)N=CH}C6H4] reacts with Tl[PF6] in THF, at room temperature, to give the cationic 

diorganoantimony species [{2-((2',6'-Pri
2C6H3)N=CH)C6H4}2Sb]⁺[PF6]⁻ (17) and [{2-((2',4',6'-

Me3C6H2)N=CH)C6H4}Sb]⁺[PF6]⁻ (18) compounds. Also the monochlorides R''2SbCl and R''PhSbCl [R'' = 

2-(Me2NCH2)C6H4] were reacted with Ag[SbF6] to give [{2-(Me2NCH2)C6H4}2Sb]⁺[SbF6]⁻ (19) and [{2-

(Me2NCH2)C6H4}PhSb]⁺[SbF6]⁻ (20) as shown in Scheme 5. The diorganoantimony(III) cation [{2-

(Me2NCH2)C6H4}2Sb]⁺ has already been reported.82 

The treatment of the ionic compounds 17, 19 and 20 with [Bu4N+F·3H2O in acetonitrile, at 

room temperature, leads to the formation of the corresponding organoantimony(III) fluorides, [2-

{(2',6'-Pri
2C6H3)N=CH}C6H4]2SbF (21), [2-(Me2NCH2)C6H4]2SbF (22) and [2-(Me2NCH2)C6H4]PhSbF (23). 

 

 

 
Scheme 5. Preparation of ionic organoantimony(III) complexes and their corresponding fluorides. 
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III.C.5. NMR spectroscopy 

 

The solution behavior of the ionic organoantimony(III) compounds 17, 18, 20, and the 

fluorides 21–23 was investigated by NMR spectroscopy. 

The 1H NMR spectrum of compound 17 (Figure 26), measured in CDCl3, at room temperature, 

exhibits in the aliphatic region four doublet resonances for the methyl protons of the isopropyl 

groups (δ 1.17, 1.38, 1.42, 1.51 ppm) and two heptet resonances for the methine protons of the 

isopropyl groups (δ 3.03 and 3.29 ppm). This is consistent with non-equivalent isopropyl groups and 

diastereotopic behavior. The aromatic region shows the expected resonances for the aromatic 

protons and contains only one singlet resonance corresponding to the iminic protons, –CH=N–, 

which is significantly downfield shifted (δ 8.93 ppm). 

 

 
 

Figure 26. 1H NMR (CDCl3, 500 MHz, r.t.) spectrum of complex 17: aliphatic part (a) and aromatic 

part (b). 
 

 

The 1H NMR spectrum of 18 displays in the aliphatic region two singlet resonances 

corresponding to the protons of the methyl groups placed in orto (δ 2.44 ppm) and para (δ 2.37 

ppm) position of the mesityl moiety. Also the aromatic region of the spectrum contains the expected 

resonances for the aromatic protons. The most downfield shift was observed for the resonance 

corresponding to the iminic proton –CH=N– (δ 8.93 ppm 

The 31P NMR spectra (Figure 28) of the ionic compounds described here exhibits a heptet 

resonance centered at δ –144.29 ppm (1JP,F = 713.3 Hz) for 17, and δ –144.32 ppm (1JP,F = 713.0 Hz) 

for 18, due to phosphorus-fluorine spin coupling. 

 In the 19F NMR spectra of compound 17 and 18 (Figure 29) the equivalence of the six 

fluorine atoms and their coupling with the phosphorous results in a doublet signal at δ –72.97 ppm 

(1JF,P = 713.0 Hz) for 17, and δ –72.80 ppm (1JF,P = 713.1 Hz) for 18. 
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Figure 28. 31P NMR spectra (CDCl3, 202 MHz, r.t.) of complexes 17 (left) and 18 (right). 
 

 

 
 

Figure 29. 19F NMR spectra (CDCl3, 282.2 MHz, r.t.) of complexes 17 (left) and 18 (right) 
 

 

The room temperature 1H NMR spectrum of compound 20 [Figure 30 (a)] contains two 

singlets resonances for the protons of the methyl groups (δ 2.52 and 2.81 ppm) and an AB spin 

system with A at 3.96 and B at 4.05 ppm for the methylene protons. This is consistent with the 

coordination of nitrogen to antimony. in solution as observed in the solid state (see subsequent 

discussion). The presence of two multiplets resonances which belongs to the protons of an (THF) 

group indicates that a molecule of THF is coordinated to the antimony atom. The 13C NMR spectrum 

of 20 [Figure 30 (b)] shows the expected number of signals for the carbons in the aliphatic and 

aromatic region, i.e. three carbon resonances which belong to the methyl (two signals) and 

methylene (one signal) groups and ten singlet resonances for the aromatic carbons. The 19F 

spectrum of the ionic compound 20 consists of a sharp singlet resonance at δ –125.00 ppm. 
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(a) 

 
(b) 

 

Figure 30. (a) 1H NMR, and (b) 13C NMR (CDCl3, 300 MHz, r.t.) spectra of 20. 

 
 

The aliphatic region of the 1H NMR spectrum (in CDCl3) of fluoride 22 shows a singlet 

resonance for the NMe2 protons (δ 2.21 ppm) and an AB spin system with A at δ 3.50 and B at δ 3.69 

ppm, for the CH2 protons. The aromatic region exhibits the resonances expected for the aromatic 

protons (Figure 32). The 13C NMR spectrum contains all the expected singlet resonances, i.e. two 

singlet resonances which were assigned for the aliphatic carbons and six singlet resonances which 

were assigned to the aromatic carbons. The coupling of the fluorine with C6 results in a doublet 

signal at δ 135.08 (3JCF = 3.9 Hz). 

 

 
 

Figure 32. 1H NMR (CDCl3, 300 MHz, r.t.) spectrum of R''2SbF (22). 
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The 1H NMR spectrum of the fluoride 23 [Figure 33 (a)] at room temperature exhibits in the 

aliphatic region two sharp singlet resonances which were assigned to the non-equivalent NMe2 

protons (δ 2.01 and 2.39 ppm) and a sharp singlet for the CH2 protons (δ 3.50 ppm). The aromatic 

region showed the expected resonances corresponding to the C6H4 and pheny protons, respectively. 

 

 
(a) 

 

Figure 33. 1H (a) and 13C (b) NMR (CDCl3, 300 MHz, r.t.) spectra of R''PhSbF (23). 

 
The 13C NMR spectrum for the fluoride 23 shows all the expected carbon resonances for the 

both aliphatic and aromatic carbons. In the case of C1 (δ 148.14 ppm, 2JCF = 7.7 Hz) and C6 (δ 135.07 

ppm, 3JCF = 6.9 Hz) from the pendant arm-containing organic ligand and also for the Cipso (δ 

146.92ppm, 2JCF = 10.1 Hz) of the phenyl ring doublet resonances were observed due to carbon-

fluorine spin coupling. 

The 19F spectra of fluorides 22 and 23 consist of a sharp singlet resonance at δ –176.90 ppm 

for 22, and δ –169.17 ppm for 23. 

 

 

III.C.6. Single–crystal X–ray diffraction studies 

 

Single crystal, suitable for X-ray crystallography, were obtained by slow diffusion of n-hexane 

into solution of CH2Cl2 (3:1 v/v) at −28 °C for [{2-((2',6'-Pri
2C6H3)N=CH)C6H4}2Sb+⁺[PF6]⁻ (17), and by 

slow evaporation of a chloroform solution of [{2-((2',4',6'-Me3C6H2)N=CH)C6H4}Sb]⁺[PF6]⁻ (18). The 

ionic compounds 17 and 18 crystallize in the monoclinic space group P21/c and triclinic P-1 space 

group, respectively. The crystals contain the corresponding diorganoantimony(III) cations and 

hexafluorophosphate anions. The structures of compounds 17 and 18 are depicated in Figure 35 and 

Figure 36, respectively.  

In the cation both nitrogen atoms are coordinated to antimony, in an almost trans 

arrangement [N(1)-Sb(1)-N(2) 159.69(11)° for 17; 155.02(16)° for 18] with nitrogen-antimony bond 

distances [N(1)-Sb(1) 2.351(3) Å for 17; 2.365(4) Å for 18, and N(2)-Sb(1) 2.365(3) Å for 17; 2.394(4) 

Å for 18] shorter than those found in the related derivative [2-{(Me2NCH2)C6H4}2Sb]+[PF6]
– [Sb-N 

2.414(4) Å]82 or in the bromide precursor [2-{(2',6'-iPr2C6H3)N=CH}C6H4]2SbBr (3) [Sb-N 2.498(4) / 

2.996(7) Å], due to the more electrophilic nature of the antimony in the cation. 
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Figure 35. ORTEP representation at 50% probability and atom numbering scheme for ΛSb-17 isomer. 

Hydrogen atoms are omitted for clarity. 

 

The coordination geometry at antimony is pseudo-trigonal bipyramidal with the two ipso 

carbon atoms placed in equatorial positions; [C(1)-Sb(1)-C(20) 105.00(14)° for 17, and C(1)-Sb(1)-

C(17) 102.8(2)° for 18].  
 

 
 

Figure 36. ORTEP representation at 50% probability and atom numbering scheme for ΔSb-18 isomer. 

Hydrogen atoms are omitted for clarity. 
 

 

The molecular structure of the chiral diorganoantimony(III) fluoride [2-(Me2NCH2)C6H4]PhSbF 

(23) was also determined by single-crystal X−ray diffraction studies and shows that a monomer is 

formed (Figure 39). 
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The nitrogen atom of the pendant arm is strongly coordinated to the antimony atom, trans to 

the halogen atom *N(1)−Sb(1)−F(1) 161.48(9)°]. The value of the intramolecular interaction 

*Sb(1)−N(1) 2.526(3) Å] distance lie between the sums of the respective covalent *Σrcov(Sb,N) 2.11 Å] 

and van der Waals radii *ΣrvdW(Sb,N) 3.74 Å]28 and is longer than the Sb(1)−N(1) bond distances found 

in the related halides [2-(Me2NCH2)C6H4+PhSbX *Sb(1)−N(1) 2.453(4) Å (X = Cl); 2.443(4) Å (X = Br); 

2.425(3) Å (X = I)].62 

The geometry around antimony atom is distorted pseudo−trigonal bipyramidal, (C,N)SbCX 

core, with the two carbon atoms placed in equatorial positions, while the halogen and the nitrogen 

atoms are situated in the axial positions. The compound can be described as a hypervalent 10-Sb-4 

species.70,71  

 

 
 
Figure 39. ORTEP representation at 30% probability and atom numbering scheme for (RN,ASb)-23 

isomer. Hydrogen atoms are omitted for clarity. 

 

As a consequence of the non-planar chelate SbC3N ring and due to the chirality induced at the 

antimony centre, the compound 23 crystallizes as a racemate, i.e. 1:1 mixture of (RN,ASb) and (SN,CSb) 

isomers. 

 

 

III.C.7. Conclusions 

 

 A new method for the preparation of diorganoantimony(III) fluorides was established. It is 

based on ionic derivatives, i.e. diorganoantimony(III) cations stabilized by intramolecular 

N→Sb interactions. 
 

 The diorganoantimony(III) cations exhibit helical chirality, due to the intramolecular N→Sb 

interactions.  
 

 The intramolecular N→Sb interactions induce chirality at the metal centre in the 

monofluorides 21–23. 
 

 For the chiral fluorides the presence of the intramolecular N→Sb interaction in solution, at 

room temperature, was proved by NMR studies. 
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III.D. Ionic organoantimony(V) derivatives (Ammonium 

diphenyltetrahaloantimonates) 

 

 

III.D.2. Preparation 

 

Compound [Et4N]+[Ph2SbCl4]
– (24) was synthesized by reacting diphenylantimony trichloride 

with [Et4N]Cl, in methanol. When the reaction between onium bromides and Ph2SbCl3 is performed 

in acetonitrile, mixtures of chloro/bromo derivatives are obtained. These mixtures are obtained due 

to scrambling of halogens. From such mixtures of compounds crystals of [Et4N]+[Ph2SbBr1.24Cl2.76]– 

(25) and [Et4N]+[Ph2SbBr2.92Cl1.08]
– (26) were isolated. Attempts to complete the exchange of halogen 

by reacting the crude [Et4N]+[Ph2SbBrnCl4-n]– (n = 0 – 4) with NaBr had failed. The pure 

[Et4N]+[Ph2SbBr4]
– (27) was synthesised by the reaction of [Et4N]Br with Ph2SbBr3, in acetonitrile.107 

However, the full exchange of halogen was achieved when [Et4N]+[Ph2SbCl4]
– (24) was reacted 

with NaF and the tetrafluoroantimonate [Et4N]+[Ph2SbF4]
– (28) was obtained. The reactions between 

Et4ECl and R2SbCl3 are straight forward with the transfer of the chloride ion from the ammonium 

compound to the Lewis acidic diorganoantimony(V) trichloride (Scheme 6).107 

 

 
 

Schema 6. Preparation of ionic organoantimony(V) compounds. 

 

The pure tetrahaloantimonates 24, 27 and 28 were isolated as air stable, colorless crystalline 

solids which are thermally stable and melt without decomposition. Due to their ionic nature the 

compounds were soluble in DMSO and in solid state they are stable to hydrolysis and oxidation. All 

compounds were characterized by spectroscopic methods (NMR, MS) and the crystal and molecular 

structures were determined by single-crystal X-ray diffraction studies. 
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III.D.3. Mass spectrometry 

 

Mass spectra obtained with the electrospray ionization technique (ESI) show the cation and 

the anion for these compounds. In the ESI(+) mass spectra of compounds 24–28 was observed the 

peak which corresponds to the molecular cation [Et4N⁺+ (m/z 130). In the ESI(-) mass spectra of 

compounds 24, 27 and 28 could be observed the corresponding anions at the value (m/z 417) 

assigned to the [Ph2SbCl4⁻] (for 24), (m/z 595) assigned to the [Ph2SbBr4⁻] (for 27) and (m/z 351) 

assigned to the [Ph2SbF4⁻] (for 28). For the crude product isolated from the reaction of Et4NBr with 

Ph2SbCl3·H2O the ESI(-) MS data are consistent with mixture of chloro / bromo derivatives, several 

anions being observed, e.g. [Ph2SbBr2Cl2⁻], [Ph2SbBrCl3⁻] and [Ph2SbCl4⁻]. 

 
 

III.D.4. NMR spectroscopy 

 

The 1H- and 13C-NMR spectra of 24–28 and the 19F-NMR spectrum of 28 were obtained from 

solutions in DMSO, at room temperature. They show the expected signals for the respective nuclei 

of the cations and anions, according to the trans-R2SbCl4 model for the anions, which implies 

equivalence of the R groups. The 14N isotope has a quadrupole nucleus with I = 1.108 As a result there 

are three spin states for this nucleus and the coupling with 14N will split a signal of another atom into 

a triplet.109 The 1H NMR spectra of all onium salts show in the aliphatic region a triplet of triplets 

(Figure 40) resonance which corresponds to the methyl protons of the ethyl group (δ 1.13 ppm, 3JNH 

= 1.8 Hz for 24; δ 1.14 ppm, 3JNH = 1.7 Hz for 27; δ 1.11 ppm, 3JNH = 1.5 Hz for 28) and a quartet 

resonance which corresponds to the methylene protons of the ethyl group (δ 3.15 ppm, 3JNH = 7.1 Hz 

for 24; δ 3.20 ppm, 3JNH = 7.3 Hz for 27; δ 3.14 ppm, 3JNH = 7.2 Hz for 28). The aromatic region of the 
1H NMR spectrum exhibits the expected number and pattern of resonances. 

In the NMR spectra of some quaternary ammonium compounds, including a series of 

heterocyclic cations, spin-spin coupling between 14N and 13C nuclei was also observed. The 1JNC 

values are found in the range 2.2–3.4 Hz.110 The 13C resonance of the carbon bonded to nitrogen in 

[Et4N]+ ions appears as a well resolved triplet signal due to the coupling with the I4N nucleus. The 

aliphatic region exhibit a singlet resonance for the methyl carbons and a triplet resonance of the 

methylene carbons (δ 51.28 ppm, 1JNC = 2.9 Hz for 24; δ 51.29 ppm, 1JNC = 3.0 Hz for 27; δ 51.30 ppm, 
1JNC = 3.0 Hz for 28), see Figure 41. The aromatic region shows all the expected resonances for the 

phenyl carbons. 

The 19F spectrum of fluoride 28 consists of a sharp singlet resonance at δ –103.16 ppm for the 

[Ph2SbF4]
– anion. 
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Figure 40. 1H NMR (DMSO, 200 MHz, r.t.) spectra of [Et4N]+[Ph2SbF4]
– (28), [Et4N]+[Ph2SbCl4]

– (24) and 

[Et4N]+[Ph2SbBr4]
– (27). 

 

 

 
 

Figure 41. 13C NMR (DMSO, 200 MHz, r.t.) spectra (aliphatic region) of [Et4N+⁺*Ph2SbF4]⁻ (28), 

[Et4N+⁺*Ph2SbCl4]⁻ (24) and [Et4N+⁺*Ph2SbBr4]⁻ (27). 
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III.D.5. Single–crystal X–ray diffraction studies 

 

Single crystals suitable for X-ray diffraction studies were obtained from acetonitrile solutions 

by slow evaporation, at room temperature, in an open atmosphere, for compounds 24–28. 

As representative examples the structures of [Et4N]+[Ph2SbCl4]
– (24) and [Et4N]+[Ph2SbF4]

– (28) 

are depicted in Figures 43 and 45. The relevant interatomic distances and angles are listed in Table 

10 (for compounds 25 and 26). For the mixed-halogen compounds, i.e. [Et4N]+[Ph2SbBr1.24Cl2.76]– (25) 

and [Et4N]+[Ph2SbBr2.92Cl1.08]– (26), there was disorder involving the bromine or chlorine atoms. The 

best solution was obtained with Br/Cl occupancy of 0.31/0.69 for 25 and 0.73/0.27 for 26, 

respectively. Disorder phenomena were also observed for the [Et4N]+ cation in the corresponding 

salts 24–28. 

All the salts are composed of tetrahedral onium cations and octahedral anions. In all cases, 

regardless the nature of the halogen, the phenyl groups in the [R2SbX4]
– anions are placed in trans 

positions. The major difference in the anions containing phenyl groups is concerned to the relative 

orientation of the two aromatic rings. In all compounds the phenyl rings are basically bisecting the 

X–Sb–X angles of the square planar SbX4 plane. For compounds 24–28, which contain the [Et4N]+ 

countercation, the phenyl rings are orthogonal. 

Crystals of 24 belong to the monoclinic space group C2/c. In the tetrachloroantimonate 24 

(Figure 43) described here the Sb–Cl bond distances are in the range 2.456(1)–2.503(3) Å, being of 

intermediate length between terminal and bridging antimony–halogen bonds in the dimers 

(Ph2SbCl3)2 [2.346(4), 2.388(4) Å vs. 2.620(4), 2.839(4) Å]111 or (Me2SbCl3)2 [2.353(2), 2.356(2) Å vs. 

2.798(2), 2.801(2) Å]112 and of same magnitude as found for the equatorial Sb–Cl bonds in trans to 

each other in the monomer Ph2SbCl3·H2O [2.462(2) Å].113 

 

 
 

Figure 43. ORTEP-like representation at 30% probability and atom numbering scheme for 24 

[symmetry equivalent positions (–x, 1 – y, 1 – z) and (– x, y, 0.5 – z) are labelled with “a” for the 

anion and cation]. Hydrogen atoms are omitted for clarity. 

 

Crystals of 28 belong to the monoclinic space group P21/n. In compound [Et4N]+[Ph2SbF4]
– (28) 

phenyl rings are slightly deviated from coplanarity (dihedral angle 11.3°) comparable with the 
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related [Me4Sb]+[Ph2SbCl4]
–, in which the phenyls rings are coplanar.107 The Sb–F bond lengths in 28 

[1.957(2), 1.960(3) Å] are slightly shorter than in the monomeric Me3SbF2 [1.993(4), 2.004(4) Å].90 

The values of the Sb–C bond lengths in the [R2SbX4]⁻ anions are comparable with the values 

found in the related starting materials, i.e. (Ph2SbCl3)2 [2.125(9) Å]111, Ph2SbCl3·H2O [2.1218(8) Å]113 

or Ph2SbBr3 [2.149(12) Å].114 

 

 

Figure 45. ORTEP-like representation at 30% probability and atom numbering scheme for 

28.Hydrogen atoms are omitted for clarity. 

 

Tabel 10. Selected interatomic distances (Å) and angles (°) in compounds 
[Et4N]+[Ph2SbBr1.24Cl2.76]– (25) and [Et4N]+[Ph2SbBr2.92Cl1.08]– (26). 

25 26 

Sb(1)-C(1) 2.139(10) Sb(1)-C(1) 2.143(9) 
Sb(1)-C(5) 2.124(15) Sb(1)-C(5) 2.152(7) 
Sb(1)–X(1)a 2.5498(15) Sb(1)-X(1)b 2.6164(7) 
    

C(1)–Sb(1)–C(5) 180.000(2) C(1)–Sb(1)–C(5) 180.000(1) 

C(1)–Sb(1)–X(1) 89.78(3) C(1)–Sb(1)–X(1) 90.170(15) 

C(5)–Sb(1)–X(1) 90.22(3) C(5)–Sb(1)–X(1) 89.830(15) 
    

X(1)–Sb(1)–X(1b) 179.56(7) X(1)–Sb(1)–X(1b) 179.66(3) 

X(1)–Sb(1)–X(1a) 90.04(7) X(1)–Sb(1)–X(1a) 90.20(3) 

X(1)–Sb(1)–X(1c) 89.96(7) X(1)–Sb(1)–X(1c) 89.80(3) 
a
 X(1) is Br(1)/Cl(1) in the ratio 0.31/0.69. 

b
 X(1) is Br(1)/Cl(1) in the ratio 0.73/0.27. 

 

 

III.D.6. Conclusions 

 

 The onium diorganotetrafluoro–, –chloro- and –bromoantimonates reported here represent a 

large family of easily accessible, stable organoantimony(V) compounds.  
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 The ionic nature and the almost uniform structure of the tetrahedral cations and the 

octahedral antimony(V) anions with the organic groups in trans positions are clearly 

demonstrated. 

 Applications of this class of compounds in organoantimony syntheses, e.g. the preparation of 

stibinic acids have a long tradition. The antimonates are certainly useful for the formation of 

salts with a variety of inorganic or organic cations. 
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