
 

ACADEMIA ROMÂNĂ 

Revue Roumaine de Chimie 

https://www.icf.ro/rrch/ 

Rev. Roum. Chim., 

2024, 69(5–6), 241–245 

DOI: 10.33224/rrch.2024.69.5-6.01 

Papers 

 

 
* Corresponding author: anca.silvestru@ubbcluj.ro 

Dedicated to Professor Vasile Pârvulescu 

 on the occasion of his 70th anniversary 

HYPERCOORDINATION IN TRIORGANOANTIMONY(III) COMPOUNDS. 

CASE STUDY OF HETEROLEPTIC [2,6-(Me2NCH2)2C6H3]2(Ph)Sb 

Răzvan ȘUTEU, Cristian SILVESTRU and Anca SILVESTRU* 

Supramolecular Organic and Organometallic Chemistry Centre (CCSOOM), Chemistry Department, Faculty of Chemistry and 

Chemical Engineering, “Babeş-Bolyai” University, RO-400028 Cluj-Napoca, Roumania 

Received April 1, 2024 

 

The triorganoantimony(III) compound [2,6-(Me2NCH2)2C6H3]2(Ph)Sb (1), containing three 

aryl groups, two of them with two pendant arms capable for N→Sb intramolecular interactions, 

was prepared and structurally investigated, both in solution and in solid state. The 1H and the 
13C NMR spectra suggested no intramolecular N→Sb interaction. The molecular structure was 

determined by single-crystal X-ray diffraction and revealed a N,C,N-tridentate coordination of 

one 2,6-(Me2NCH2)2C6H3 group, while the other one displayed only a C,N-bidentate 

coordination behaviour towards antimony. The coordination environment about antimony is a 

highly distorted octahedron, and the compound can be described as a 14−Sb−6 hypercoordinate 

species. 

 

 
INTRODUCTION 

The chemistry of organoantimony compounds 

attracted a continuously growing interest during 

last years, mainly due to their importance in the 

technology of semiconducting materials for 

electronic devices,1 as active catalysts in organic 

synthesis (e.g. the polymerization of oxirane 

(C2H4O) or substituted oxiranes,2 oxidation of 

diaryl-α-ketoalcohols into the corresponding α-

diketones,3 direct Mannich and cross-condensation 

reactions of amines, aldehydes and ketones4), or as 

biologically active agents.5 Organoantimony 

compounds were also found to successfully capture 

CO2,6 or to catalyse the reaction of CO2 with 

various organic compounds,7-9 e.g. amines or 

epoxides. 

In low oxidation states, organoantimony 

compounds can be stabilized by using either bulky 

organic groups, or ligands bearing organic groups 

with donor atoms capable of intramolecular 

coordination.5,10 Thus, various hypervalent 

organoantimony(III) compounds were synthesized 

using C,E-bidentate or E,C,E- and C,E,C-tridentate 

ligands (E = N, P, O, S, Se). It was pointed out that 

such organic groups not only confer stability to the 

antimony species, but also reduce the Lewis acidity 

of the metal centre. In this way, a balance between 

stability and reactivity of the organoantimony 

species can be finely tuned.11,12 The hypervalent 
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organoantimony(III) oxide cyclo-[2,6-

(Me2NCH2)2C6H3]2Sb2O2 was reported to bind 

reversibly equimolar amounts of CO2, thus 

resulting in the mononuclear carbonate [2,6-

(Me2NCH2)2C6H3]SbCO3.6 
We have reported previously organoantimony(III) 

compounds with organic groups bearing only one 
pendant arm capable for intramolecular N→Sb 
interaction, e.g. [2-(Me2NCH2)C6H4]nSbX3-n (X = Cl, 
Br, I, NCS; n = 1, 2),13,14 [2-(Me2NCH2)C6H4]2SbONO2,15 
[2-(Me2NCH2)C6H4](R)SbF [R = 2-(Me2NCH2)C6H4, 
Ph],16 [2-(Me2NCH2)C6H4](Mes)2Sb,17 [2-(Me2NCH2)C6H4] 
(Ph)SbX, [2-(Me2NCH2)C6H4]2(Ph)Sb,18 [2-(Me2NCH2) 
C6H4Sb]4,19 or with two pendant arms, namely [2,6-
{MeN(CH2CH2)}2C6H3]SbCl2,20 [2,6-(Me2NCH2)C6H3SbE]2 
(E = O, S, Se),21 and [2,6-(Me2NCH2)C6H3]Sb(OAr)2 
[Ar = C6H3

iPr2-2,6, C6H3(OMe)2-2,6].22 As a 
continuation of our work, we describe here the 

synthesis and structural characterization of the 
compound [2,6-(Me2NCH2)2C6H3]2(Ph)Sb (1). 
To the best of our knowledge, this is the first 
example of a heteroleptic organoantimony(III) 
compound with two organic groups bearing two 
pendant arms capable for N→Sb intramolecular 
interactions. 

RESULTS 

The triorganoantimony(III) compound 1 was 

obtained by reacting the organolithium reagent 

[2,6-(Me2NCH2)2C6H3]Li with PhSbCl2 in a  

2:1 molar ratio, as depicted in Scheme 1. The 

product was isolated as a beige powder, soluble in 

common organic solvents. 

 

 

Scheme 1 – Synthesis of compound 1. 

 

Compound 1 was investigated by NMR 

spectroscopy (1H, 13C, 2D experiments) in 

CDCl3 solution, mass spectrometry, and by 

single-crystal X-ray diffraction. The molecular 

structure of 1 with the atom numbering scheme 

is shown in Fig 1, while a selection of 

interatomic distances and bond angles are given 

in Table 1. 

. 

 

Fig. 1 – ORTEP-like representation of compound 1, with thermal ellipsoids at 30% probability level.  

Hydrogen atoms were omitted for clarity. 
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Table 1 

Interatomic distances (Å) and angles (°) for compound 1 

Sb1‒C1 2.1936(12) C1‒Sb1‒Cl3 100.97(5) 

Sb1‒C13 2.2247(13) C13‒Sb1‒N1 159.174(46) 

Sb1‒C25 2.1765(13) C13‒Sb1‒N2 73.728(43) 

Sb1‒N1 2.9683(14) C13‒Sb1‒N4 67.526(42) 

Sb1‒N2 2.999(1) N1‒Sb1‒N4 125.66 

Sb1‒N4 3.1816(14) N1‒Sb1‒N2 114.94 

  N2‒Sb1‒N4 100.20 

 

DISCUSSION 

Solution behaviour 

The NMR spectra of compound 1 are in 

accordance with the desired composition and  

they suggest the equivalence of the two  

2,6-(Me2NCH2)2C6H3 groups in solution, as well 

as the equivalence of the two Me2NCH2 pendant 

arms in each 2,6-(Me2NCH2)2C6H3 group. The 

aliphatic region of the 1H NMR spectrum contains 

the expected resonances, namely a singlet 

resonance for the methyl protons in the CH3 

groups attached to nitrogen, while the resonance 

for the CH2N protons appears as an AB spin 

system. In the aromatic region multiplet 

resonances corresponding to the non-equivalent 

protons in the phenyl group and the C6H3 rings 

were observed. 

In the 13C NMR spectrum of compound 1 the 

expected resonances for the aliphatic and the 

aromatic carbons are present. In the aliphatic 

region two singlet signals were assigned to the 

equivalent methyl and methylene carbons in the 

pendant arms, while in the aromatic region, the 

resonances for the non-equivalent aromatic 

carbons could be assigned based on 2D correlation 

experiments. 

Based on the NMR spectra we assume that in 

solution the pendant arms are not involved in any 

intramolecular N→Sb interaction. 

The ESI+ mass spectrum contains the base peak 

characteristic for the ion [M-{(Me2NCH2)2C6H3}]+ 

at the m/z value of 389.09692 (calcd. m/z 

389.09722), resulted by fragmentation and 

removing one aromatic group with two pendant 

arms. Unfortunately, a peak corresponding to the 

molecular ion could not be observed. 

Single-crystal X-ray diffraction studies 

The two 2,6-(Me2NCH2)2C6H3 groups behave 

differently towards antimony, namely one of them 

displays a N,C,N-tridentate coordination pattern, 

with both pendant arms intramolecularly 

coordinated to the metal, while the other has a 

bidentate C,N-coordination pattern, with only one 

of the two pendant arms interacting with antimony 

and the second nitrogen atom being pushed away 

from the metal atom, at a non-bonding distance 

(5.02 Å), much greater than the sum of the van der 

Waals radii of the two elements [ΣrvdW(N,Sb) = 

4.13 Å23]. In this way, three NC3Sb five-membered 

rings are formed, and they are not planar, but 

folded about the C···Sb imaginary axis (C7···Sb1, 

C10···Sb1, and C22···Sb1, respectively).   

 

 

Fig. 2 – A chain in the crystal of 1. Hydrogen atoms, except those involved in CH···π interactions were omitted for clarity. 
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Due to the induced planar chirality in each five-

membered ring and the chirality of antimony, the 

compound can be described as a mixture of 

CSb,pRN1,pSN2,pRN4 and ASb,pSN1,pRN2,pSN4 isomers, 

where C and A refer to the chirality at the metal 

atom, while pR and pS refer to the planar chirality 

of each NC3Sb five-membered ring.24 The 

coordination sphere about antimony is completed 

by the phenyl group in a distorted octahedral 

environment and the compound can be described 

as a 14−Sb−6 hypercoordinate species.25  

A close look at the crystal lattice revealed CH···π 

interactions, namely: H4···Cg(C25-C30) 2.673 Å, 

H5···Cg(C13-C18) 2.805 Å, H8C···Cg(C25-C30) 

2.897 Å and H11A···Cg(C13-C18) 3.026 Å, thus 

resulting in a chain-like supramolecular association 

(Fig. 2). 

EXPERIMENTAL 

The starting materials PhSbCl2,26 and 2,6-

(Me2NCH2)2C6H3Li,27 were prepared by literature procedures. 

The other reactants were commercially available and used as 

received. The melting point was measured on an 

Electrothermal 9200 apparatus. Elemental analysis was 

performed on a Flash EA 1112 analyzer. The ESI+ mass 

spectrum was recorded on a Thermo Scientific LTQ-Orbitrap 

XL spectrometer equipped with a standard ESI/APCI source. 

The 1H and 13C{1H} NMR spectra were recorded on a 

BRUKER Avance 400 instrument and the chemical shifts are 

reported in δ units (ppm) relative to the residual peak of the 

solvent (CHCl3, 7.26 ppm) in the 1H NMR spectra and to the 

peak of the deuterated solvent (CDCl3, 77.16 ppm) in the 
13C{1H} NMR spectra. They are assigned according to the 

numbering way displayed in Scheme 2. The NMR and the 

mass spectra were processed using the MestReNova,28 and the 

Thermo Xcalibur softwares,29 respectively.  

 

 

Scheme 2 – Numbering scheme for NMR  

assignments in compound 1. 

 

Synthesis of [2,6-(Me2NCH2)2C6H3]2(Ph)Sb (1) 

To a solution of [2,6-(Me2NCH2)2C6H3]Li (1 g; 5 mmol) 

in THF (20 ml) was gradually added PhSbCl2 (0.680 g; 2.5 

mmol) and the reaction mixture was left with stirring 

overnight. The solvent was removed in vacuum and the 

compound was extracted in CH2Cl2, followed by evaporation 

of the solvent, when the desired product resulted as a beige 

solid. Yield: 1.17 g (80%). M.p. 120 °C. Anal. calcd. for 

C30H43N4Sb (M = 581.46): C, 61.97; H, 7.45; N, 9.64%. 

Found C, 61.72; H, 7.27; N, 9.55%. 1H NMR (CDCl3, 400.13 

MHz): δ 1.90 (24H, s, CH3), AB spin system with A 3.18 and 

B 3.48 (8H, H7, 2JHH 13.4 Hz), 7.10–7.15 (m, 9H, H3-5 + 

Hm+p), 7.70–7.74 (m, 2H, Ho). 13C NMR (CDCl3, 100.62 

MHz): δ 44.59 (CH3), 66.25 (C7), 126.49 (C1), 126.94 (Cm), 

127.00 (C4), 127.56 (C3+5), 137.22 (s, Co), 144.13 (Cp), 146.40 

(C2+6), 146.65 (Ci). HRMS (ESI+, MeOH): m/z (%) 

389.09692 (100) [M-{2,6-(Me2NCH2)2C6H3}]+.  

Crystal structure determination 

Suitable crystals for single-crystal X-ray diffraction were 

obtained from a mixture of CH2Cl2 and n-hexane in a 1:4 

ratio, v:v. Details of the crystal structure determination and 

refinement are given in Table 2. Data were collected on a 

Bruker D-8 Venture diffractometer, using graphite-

monochromated Mo-Kα radiation (λ = 0.71073 Å) from a IS 

3.0 microfocus source with multilayer optics, at 110 K. The 

structure was refined with anisotropic thermal parameters for 

non-H atoms. Hydrogen atoms were placed in fixed, idealized 

positions and refined with a riding model and a mutual 

isotropic thermal parameter. For structure solving and 

refinement the Bruker APEX3 Software Package was used.30 

Intermolecular secondary bonding interactions were found 

with PLATON.31,32 The drawings were created with the 

Diamond program.33 

Table 2 

X-ray crystal data and structure refinement for compound 

[2,6-(Me2NCH2)2C6H3]2(Ph)Sb (1) 

Empirical formula C30H43N4Sb 

Formula weight 581.43 

Temperature (K) 100 

Wavelength (Å) 0.71073 

Crystal system Monoclinic 

Space group C 2/c 

Unit cell dimensions  

 a (Å) 36.394(3) 

 b (Å) 10.4454(9) 

 c (Å) 16.7524(14) 

 α (o) 90 

  (o) 111.515(2) 

 γ (o) 90 

Volume (Å3) 5924.7(9) 

Z 8 

Dc (g/cm3) 1.304 

Absorption coefficient (mm-1) 0.955 

F(000) 2416.0 

Crystal size, mm 0.43 x 0.12 x 0.19 

 range for data collections (o) 0.999 to 25.004 

Reflections collected 5222 

Independent reflections 5016 [R(int) = 0.0162] 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 3753 / 0 / 324 

Goodness-of-fit on F2 1.072 

Final R indices [F2>2σ(F2)] R1 = 0.0162, wR2 = 0.0342 

R indices (all data) R1 = 0.0239, wR2 = 0.0427 

Largest diff. peak and hole, eÅ–3 0.877 and –0.540 
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CONCLUSIONS 

The heteroleptic triorganoantimony(III) 
compound [2,6-(Me2NCH2)2C6H3]2(Ph)Sb (1) 
resulted from the reaction between PhSbCl2 and 
the lithiated derivative [2,6-(Me2NCH2)2C6H3]Li, 
in a 1:2 molar ratio. The NMR spectra, recorded at 
room temperature, gave no clear evidence for a 
N→Sb intramolecular interaction in solution, but 
the single-crystal X-ray diffraction studies revealed 
the existence of three N→Sb intramolecular 

interactions, which determine a 14−Sb−6 
hypercoordinate species, with one of the two  
2,6-(Me2NCH2)2C6H3 groups behaving as a 
tridentate N,C,N moiety, while the other displays 
only a N,C-bidentate coordination behaviour. 
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