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Abstract 

The diphenylantimony(IlIl phosphorodithioates, Ph,SbS,PtORl, where R = Me, Et, ‘Pr and Ph, 

have been prepared and the methyl and isopropyl derivatives obtained as crystalline solids. The 

compounds have been characterised by infrared and NMR spectroscopy. An X-ray structural determi- 

nation for the isopropyl compound shows the presence of two independent molecules in the asymmetric 

unit, with similar but not identical molecular paramzters. The ligand in each molecule is strongly 

bonded to a:timony by one sulphur atom (Sb-S 2.54 A), but there are two weaker Sb-S contacts (cu. 

3.2 and 3.8 A) making the ligand effectively tridentate. These interactions generate infinite chains in 

the solid state, providing an example of a new dithiophosphate structure. 

Introduction 

Phosphorodithioato, (RO),PS,-, and phosphinodithioato, R,PS,-, anions have 
been extensively used in transition metal coordination chemistry, and in most cases 
they behave as bidentate ligands [l-3]. A broader diversity of coordination 
patterns is observed when such ligands are attached to main group metals [ 11. Such 
compounds have been well studied for tin, but only few examples are known for 
other main group metals [3]. Among these, antimony is an attractive element, 
because as a coordination centre it often exhibits unpredictable structural be- 
haviour. 
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Table 2 

‘H NMR data for Ph,Sb[S,P(OR),] 

R Chemical shifts (8, ppm) and coupling constants (J, Hz) 

Me ” 

Et ” 

‘Pr h 

Ph ’ 

3.41 d (6H), ‘APOCH) 16 

7.68 m (6H meta + paru), 8.01 m (4H ortho) 

1.21 t (6H), ‘J(HCCH) 7 

3.96 dq (4H), ‘.KPOCH) 9.5, ‘J(HCCH) 6.5 

7.29 m (6H mefa + pura), 7.58 m (4H ortho) 

1.32 d (I 2H), ‘J(HCCH) 6 

4.77 m (2H), ‘.KHCCH) 6 

7.25 m (6H meta + pura), 7.42 m (4H orrho) 
7.02 m (10H) 

7.14 m (6H meta + paru), 7.35 m (4H ortho) 

(POCH,) 

(SbC,H,) 

(POCH #Z H,) 

(POCH,CH,) 

(SbC,,H,) 

(POCH(CH&) 

(POCH(CH,),) 

(SbC, H,) 
WOC,H,) 
(SbC,H,) 

u CCI, solvent, TMS standard. ’ CDCI, solvent, HMDSO standard. 

to slightly lower wave numbers with increasing length of the alkyl chain. All the 
compounds show strong absorptions in the 500-550 cm-’ and 630-680 cm-’ 
regions, which are assigned to the symmetric and the antisymmetric PS, stretching 
modes respectively. In some cases, the peaks are split but the positions are not 
influenced by the nature of the organic groups in the ligand. 

‘H NMR spectra 
Data for the proton resonance spectra are collected in Table 2 and confirm the 

identity of the products: they show no unusual features. 

Mass spectrum 
The electron impact fragmentation pattern for the di-isopropyl derivative 

Ph,Sb[S,P(O’Pr),], is summarised in Scheme 1. Here, figures in parentheses are, 
respectively, the monoisotopic m/z values and the relative abundances. Fragmen- 
tation of the parent ion, which is observed, can follow three alternative routes. The 
major one involves loss of a phenyl group, while in the alternatives either Ph,Sb or 
SP[O’Pr], units are lost. Loss of C,H, units is important in subsequent stages, and 
the major low mass fragments are Ph,, Ph and, more surprisingly, Sb[S,P(OH)O]. 

The compounds are monomeric in solution and the infrared data can be 
interpreted in terms of bidentate dithiophosphate groups. If the solid state 
structure is also monomeric, antimony would probably adopt pseudo-trigonal 
bipyramidal coordination with the lone pair in an equatorial position. The ligand 
could then either span equatorial and axial positions with the phenyl groups also in 
equatorial and axial sites or, less likely, occupy two equatorial sites, forcing both 
phenyl groups into axial positions. To resolve this problem, an X-ray structure 
analysis was carried out on Ph,SbS,P(O’Pr),. 

Structure determination 
Important bond distances and angles are listed in Table 3, and the structure of 

the compound is shown in Fig. 1. Crystals of the compound contain two indepen- 
dent formula units and, if interactions only of < 3.0 A are considered, the 
molecules are discrete monomers with a unidentate ligand. Metal phospho- 
rodithioates with truly unidentate ligands are, however, rare and the known 
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examples are mainly derivatives of main group metal\. such as Ph;SnS,P(OEt)J 
[ 141 and G~z[S~P(OM~)~], [IS]. Monomeric coordination of the phoaphorodithio~~t~~ 
l&and here is supported by the P-S distances. which fall into groups 01 t\40 shof-t 

0 

contact5 at 1.W A and two longer ona at 1.04 A. Molecular parameters t’or the 
two indcpendcnt molecules arc similar but. as shown it-1 Tahlc J. thcrc al-c some 
differences. An example of this i< rhr ~~ariation in the ;inglc\ dcxrihing the 
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Fig. 2. Schematic representation of the skeleton of [Ph,SbS,PPh,lz, a = 2.490, b = 3.440 and c = 3.474 

A. 

,,CJ, 

e ,/” 

Fig. 3. Schematic representation of:he polymeric structure of Ph,SbSzP(O’Pr),, d = 2.531, r = 3.266, 

f = 3.934, g = 3.172 and h = 3.684 A. 

distorted pyramidal geometry at antimony between the two phenyl carbon atoms 

(C(ll), C(21) and C(311, C(41) respectively) and the fully bonded sulphur atoms 
(S(1) and S(3) respectively). At Sb(l), these angles are 9&O(2), 86.9(l) and 93.8(l)“, 
respectively, compared with 97.2(2), 84.7(l) and 91.9(1>0 at Sb(2). 

On the other hand, if Sb . . S contacts of up to 4.0 A (the sum of the van der 
Waals’ radii) are considered significant, the ligand is best described as tridentate, 
both chelating the antimony atoms and linking the molecules into infinite zig-zag 
chains along the a axis. This arrangement represents a novel structure type for 
dithiophosphorus ligands, but it is related to that of Ph2SbS,PPh, [81. 

The relationship between these two structures deserves some comment. Both 
can be described as consisting of monomeric units, held together by semibonding 
interactions, as shown by theointeratomic contacts, which lie between the single 
bond Sb-S distance (2.4-2.5 A) and the sum of the antimony and sulphur van der 
Waals’ radii (ca. 4.0 A>. The dimeric structure, which is shown diagrammatically in 
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Fig. 4. Polymerisation modes for M[S,P(OR)2],, (a) M = Zn. R = Et [19], and M = Hg, R =lPr [20]; 
(b) M = Hg, R = Et [21] and (c) M = Pb, R =lPr [22]. 



Fig. 2, is also found in the {Sn[S2P(OPh),],}, [lb]. [Bi(SJ’l’h2);~~ 171 and 
{Ag,[S, P(OEt),]l]2 [ 171 structures. 

If the four-membered Sb,S, ring of the dimer is opened and the monomeric 
units rotatcd. they can bc linkcti into the chain structure of the prchent cc>mpound. 
which is shown in Fig. 3. Sb S distances hctween the monomi’r-5. (’ (3.2hh ,&I 0 
and g (3.1711 A). are significantly shorter than the sum cd the \:ln ~CI- U’;tals‘ radii. 
Other examples of phosphorc)dithioat~ polymers arr: known, tor ~xamplc, where 
polynerisation occurs through Cither single or double phosphoroiiithit~~~t~ bridges 
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Table 4 

Atomic coordinates. with estimated standard deviations in parentheses, for Ph,Sb[S,P(O’Pr),l 

Atom * Y z &” 

Sb(l) 
C(l1) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(21) 
C(22) 
Cc231 
C(24) 
C(25) 
C(26) 
S(1) 
S(2) 
P(l) 
O(l) 
C(51) 
C(52) 
C(53) 

O(2) 
C(61) 
C(62) 
C(63) 

Sb(2) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(41) 
C(42) 
C(43) 

C(44) 
C(45) 
C(46) 
S(3) 
S(4) 
P(2) 
O(3) 
C(71) 
C(72) 
C(73) 
O(4) 
C(81) 
C(82) 
C(83) 

0.77707(3) 
0.8987(4) 
0.9108(6) 
0.9796(7) 
1.0390(6) 
1.0280(6) 
0.9592(6) 
0.8820(5) 
1.0084(6) 
I .0734(g) 
1.0142(8) 
0.8860(8) 
0.8217(h) 
0.6518(l) 
0,4709(l) 
0.4782(l) 
0.3931(4) 
0.3736(g) 
0.253(l) 
0.476(l) 
0.4236(3) 
0.4069(h) 
0.2664(9) 
0.465(l) 

0.24397(3) 
0.3121(4) 
0.2944(7) 
0.3183(8) 
0.3645(7) 
0.3837(7) 
0.3592(6) 
0.3531(5) 
0.4839(5) 
0.5550(6) 
0.4991(7) 
0.3699(7) 
0.2990(h) 
0.0724(l) 

-0.0235(l) 
- 0.0725(l) 
- 0.1680(3) 
-0.2011(7) 
-0.270(l) 
-0.272(l) 
-0.1530(3) 
-0.1037(6) 
-0.187(l) 
-0.102(l) 

0.20904(2) 
0.1408(3) 
0.0683(3) 
0.0214(4) 
0.0460(5) 
0.1182(5) 
0.1666(4) 
0.3102(3) 
0.3116(4) 
0.3774(4) 
0.4412(4) 
0.4405(4) 
0.3750(3) 
0.2320(l) 
0.3306(l) 
0.25330(8) 
0.2641(2) 
0.3299(6) 
0.3145(9) 
0.3544(X) 
0.1822(2) 
0. I124(4) 
0.1021(6) 
0.0537(5) 

0.26902(2) 
0.3523(3) 
0.4245(4) 
0.4802(S) 
0.4637(5) 
0.3931(6) 
0.3363(4) 
0.1797(3) 
0.1853(4) 
0.1259(4) 
0.0595(S) 
0.0528(4) 
0.1125(4) 
0.24906(9) 
0.14994(8) 
0.20631(8) 
0.2680(2) 
0.3332(4) 
0.3173(5) 
0.3819(5) 
0.1621(2) 
0.0969(4) 
0.0340(5) 
0.1127(h) 

0.27755(2) 0.0413 
0.3397(2) 0.0399 
0.3250(3) 0.0529 

0.3651(4) 0.0670 
0.4206(3) 0.0635 

0.4354(3) 0.0636 
0.3952(3) 0.0561 
0.2918(2) 0.0414 
0.2X63(3) 0.0581 
0.2904(4) 0.0674 
0.2997(3) 0.0614 
0.3050(3) 0.0658 
0.3012(3) 0.0568 
0.36562(6) 0.0480 
0.25747(7) 0.0565 
0.31864(6) 0.0421 
0.3709(2) 0.0551 
0.4040(4) 0.0784 
0.4332(7) 0.0935 
0.4460(7) 0.1048 
0.2865(2) 0.0518 
0.3178(3) 0.0586 
0.3164(7) 0.0928 
0.2841(5) 0.0860 

0.16456(2) 0.0411 
0.107Ot2) 0.0410 
0.1217(3) 0.0675 

0.0824(5) 0.0827 
0.0289(5) 0.0714 
0.0146(4) 0.0694 
0.0532(3) 0.0657 
0.1366(2) 0.0401 
0.1383(3) 0.0507 
0.1250(3) 0.0649 

0.1106(4) 0.0699 
0.1080(3) 0.0681 
0.1216(3) 0.0562 
0.07412(6) 0.0463 
0.18836(6) 0.0476 
0.1141 l(6) 0.0367 
0.1275(2) 0.0446 
0.0904(3) 0.0589 
0.0303(4) 0.0819 
0.1281(4) 0.0752 
0.061 l(2) 0.0422 

0.0332(3) 0.0520 
0.0443(5) 0.0769 

- 0.0329(4) 0.0773 



Experimental 



Preparation of diphenylantimony (III) diethylphosphorodithioate. This was pre- 
pared similarly in 89% yield from diphenylantimony acetate and the free acid in 
benzene solution. Removal of the solvent gave a yellowish oil, which was soluble in 
a range of solvents including benzene, chloroform and carbon disulphide, but it 
was not possible to obtain crystals of the material either by cooling or slow 
evaporation of the solvent. The compound was therefore characterised only 
spectroscopically. 

Preparation of diphenylantimony(IIZ) di-iso-propylphosphorodithioate. A solu- 
tion of diphenylantimony acetate (0.67 g, 2 mmol) in benzene (15 ml) was added to 
a suspension of ammonium di-isopropylphosphorodithioate (0.46 g, 2 mmol) and 
the mixture was stirred under reflux for 2 h. The resulting ammonium acetate was 
filtered to give a clear solution, which was evaporated to dryness under vacuum. 
The residue was taken up in hot anhydrous acetone which on cooling gave 
colourless crystals of the product. Yield, 0.83 g, 85%. M.p. 50-52°C. Anal. Found: 
C, 44.1; H, 4.8, C,,H,,O,PS,Sb talc.: C, 44.2; H, 4.9%. 

Preparation of diphenylantimony(III) diphenylphosphorodithioate. The reaction 
between diphenylphosphorodithioic acid and diphenylantimony acetate in equimo- 
lar proportions was carried out in benzene solution as described above for the 
methyl derivative. Again a yellowish oil was obtained in good yield (91%), but it 
was not possible to obtain crystals of the compound and it was characterised only 
by spectroscopy. 

Crystal structure determination 
Crystal data. C,,HyO,PS,Sb, M 488.8, monoclinic, a = 10.714(5), b = 

l&205(7), c = 22.010(7) A, p = 97.44(2)“, lJ = 4256.9 A’, Z = 8, D, = 1.52 g cmp3, 
F(000) = 1968, space group P2,/c, MO-K, radiation, A = 0.7107 A, I.L(Mo-K,) 
15.8 cm-‘, crystal size 0.5 X 0.3 X 0.08 mm3. 

Structure determination. Data were collected on a Hilger and Watts four-circle 
diffractometer for 7774 reflections of which 5789 with I > 3a(Z) were considered 
observed. The data were corrected for Lorentz and polarisation effects, but an 
absorption correction was not considered necessary. Crystallographic calculations 
used the CRYSTALS programs [ZSI and scattering factors, including the imaginary 
part for non-hydrogen atoms, were those for neutral atoms 1261. The asymmetric 
unit contains two complete molecules and positions for the two independent 
antimony atoms were obtained from a three dimensional Patterson synthesis. 
Subsequent Fourier syntheses revealed positions for the other non-hydrogen 
atoms. Refinement by full matrix least squares gave convergence at R = 10.2% 
with isotropic thermal parameters. In subsequent cycles of refinement with 
anisotropic parameters, each molecule was refined in a separate block. A four- 
coefficient Chebyshev weighting scheme was applied and the hydrogen atoms were 
placed at their calculated positions. Hydrogen atom positions were refined with 
isotropic thermal parameters in the final cycles of refinement and final conver- 
gence occurred at R = 4.20% (R, = 4.16%). Except in the vicinity of the heavy 
atoms, a final diffe;ence Fourier synthesis showed no peaks with an intensity 
greater than 0.4 e A-“. Refined values for the atomic coordinates are given in 
Table 4. A complete list of bond lengths and angles and lists of anisotropic thermal 
parameters, hydrogen atom positions, and observed and calculated structure 

factors can be obtained from DBS. 
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