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ABSTRACT 

The reactivity of phosphanylphosphinidene Pt(0) complexes [DppePt(η2-P-PtBu2)] (1) and 

[(p-Tol3P)2Pt(η2-P-PtBu2)] (2) toward sulfur was studied. Reactions of 1 and 2 with an excess of 

sulfur led to the formation of the first transition metal complexes 3 and 4 with 

phosphinothioyltrithiophosphonato ligands with the formula [tBu2P(=S)-P(=S)S2]
2-. In contrast to 

previous reports on the phosphanylphosphinidene moiety sulfurization, the P-P bond was not 

cleaved during these reactions. The structures of sulfurization products 3 and 4 were elucidated 

using NMR spectroscopy, X-ray diffraction, and DFT calculations. 

INTRODUCTION 

It is well known that phosphinidenes have long been established as short-lived 

intermediates, which are stable under cryogenic matrix conditions[1]. These species can be 

captured with trapping reagents, mainly unsaturated hydrocarbons[2] and Lewis bases such as 

stable carbenes[3] or phosphines[4]. The stabilization can also be accomplished via coordination 

to the metal centers[5][6][7]. Phosphinidene complexes are important transferring vehicles of an 

R-P moiety to organic or inorganic molecules. Schrock et al. have shown the Phospha-Wittig

reactivity of phosphinidene Ta(V) complex[8]. Stephan et al. proved that the reactive 

[Cp2Zr(PR)(PMe3) is a powerful donor of the PR moiety[9]. Recently, we have shown that [Cp2Zr-

η1-P-PtBu2)(PPhMe2)] or [(DippN)2W(Cl)(η2-P-PtBu2)]
– transfer P-PtBu2 moiety to [(p-

Tol3P)2PtCl2][10]. In 2016, Bertrand et al. synthesized the first isolable singlet 

phosphanylphosphinidene R2PP. It was both kinetically and electronically stabilized, where R2 is 

a very bulky, nitrogen-based chelate substituent[11]. 
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Phosphinidene chalcogenides are also very reactive transient species, and up to now, no 

free phosphinidene chalcogenides were isolated. Similarly, as phosphinidenes, they can be 

stabilized as adducts with carbenes or as ligands in transition metal coordination spheres. Trapping 

experiments have revealed that R–P=Ch (R = 2,6-dimethoxyphenyl, Ch = S, Se) displays singlet-

carbene-like reactivity[12]. Mathey found that the electronic structure of Me-P=S differs from the 

structure of a typical phospha-alkene and it can also react as a carbene. He applied a mild protocol 

to generate Ph-P=S and demonstrated that it reacts with 2,3-dimethylbutadiene yielding an [2+4] 

adduct[13]. Ragogna et al. generated phosphinidene chalcogenides R–P=Ch from four-membered 

heterocycles (R-P(µ2-Ch)2P-R, R = 2,6-Mes2C6H3, Ch = S, Se). The monomeric R–P=Ch, which 

is probably the reactive intermediate in the solution, can be trapped as an adduct with a stable 

carbene and in the Diels-Alder reaction with 2,3-dimethylbutadiene displaying typical olefin 

reactivity and yielding an [2+4] adduct[14]. The promising access to complexes with 

phosphinidene chalcogenides as ligands is to oxidize phosphinidene or primary phosphido 

complexes using free chalcogens or chalcogen sources. The reports on the oxidation of such 

complexes are scarce and until recently are rather limited to dinuclear phosphinidene complexes. 

The oxidation in air of anionic phosphido (PHMes*) bridged complexes (H-DBU)[M2Cp2(µ2-

PHMes*)(CO)4] (M = Mo, W) yields anionic (H-DBU)[MCp(CO)2{P(O)Mes*)][15][16]. 

Oxidation of the latter anion with [Cp2Fe]BF4 yields [Mo2Cp2(CO)4{P(O)Mes*}2] containing two 

terminally bound P(O)Mes* units[17]. Anionic oxophosphinidene complex (H-

DBU)[MoCp(CO)2{P(O)Mes*)] can be oxidized with dimethyloxirane or S8 forming (H-

DBU)[MoCp(CO)2{O,P-OP(O)Mes*)] or (H-DBU) [MoCp(CO)2{S,P-SP(O)Mes*)], 

respectively[18]. The dinuclear molybdenum complexes possessing bridging phosphinidene 

ligands (RP, where R= H, Mes*, C5H4) exhibit high reactivity towards chalcogens (Ch = O, S, Se, 
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Te) giving the rich family of molybdenum complexes with bridging chalcogenophosphinidene 

ligands (RPCh, R= H, Mes*, C5H4) or very rare dithiophosphorane ligands (RPS2, R= Mes*, C5H4) 

[19]. Electrophilic complexes [Mn2(CO)8(μ-PR)] (R = TMP, iPr2N) react with sulfur yielding 

products in which the P=S moiety of the thiophosphinidene bridging ligand is side-on bound to 

the metal center[20]. Moreover, [Fe2Cp2(μ-PCy)(μ-CO)(CO)2] reacts rapidly with O2 or S8, 

yielding [Fe2Cp2{μ-P(E)R}(μ-CO)(CO)2] where E = O, S, and R = Cy, Ph[21][22]. Dinuclear 

scandium phosphinidene (P-Ar, Ar = 2,6-Me2C6H3) bridged complex reacts with Se, Te, or 

Ph3P=Ch (Ch = S, Se) with formation of Sc-Ch-Sc motif and transforming P-Ar ligands into [ArP–

PAr]2–[23]. Dimeric Pt(0) phosphinidene bridged complex [(Dppe)Pt(μ-PMes)]2 can be oxidized 

in air to form [(Dppe)Pt{μ-P(O)Mes}]2. Interestingly, sulfur cleaves the Pt–P bonds, yielding a 

monomeric trithiophosphonato complex [(Dppe)Pt(S3PMes)][24]. Several other complexes of 

nickel group metals with the trithiophosphonato ligand (RP(=S)S2-κS:κS’)2– are known, but they 

were not synthesized via sulfurization of related phosphinidene complexes. It was reported on 

synthesis of [L2Pt(S3PPh)] via a sulfurization of [{PhP(NPh)2S-κS:κN}PtL2]  (L = Ph3P, ½Dppp) 

[25]. Due to high chloro-philicity of TiIV centre, [CpMe
2Ti(S3PR)] reacts with [DppeNiCl2] yielding 

[DppeNi(S3PR)] (R = p-MeOC6H4)[26]. Other examples are [(PhEt2)2Ni(S3PPh)] and 

[(PhEt2)2Ni(S2PPh)] ((PhPS2)
2– = (PhPS2-κS:κS’)2–) that were formed in the reaction of PPhEt2 

with PhP(S)(SiMe3)2 and NiCl2 and further studied with XRD[27]. Woollins et al. have studied 

the reactions of Lawessons reagent with [(R3P)2PtCl2] and [(Ph3P)2Pt(C2H4)], providing series of 

complexes with [S3PR]2– ligands[28][29]. 

Very recently, we have studied the reactivity of monomeric anionic 

phosphanylphosphinidene complex [(2,6-DippN)2W(Cl)(η2-tBu2P-P)]– toward sulfur and 

selenium. In molar ratio 1:1, in donor solvents, the first step was a formation of [(2,6-
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DippN)2W(Cl)(1,2-η-Ch=P–PtBu2)]
– [30]. In nonpolar solvents, these complexes are not stable 

and undergo reactions leading to different dinuclear tungsten complexes[30] (Scheme 1).  

 

Scheme 1. Reactivity of phosphanylphosphinidene tungsten complex towards chalcogens. 

The investigation presented in this paper was carried out to study the reactivity of Pt(0) 

complexes 1[31] and 2[32] with the formula [L2Pt(η2-P=PtBu2)] (L = ½Dppe, p-Tol3P) toward 

sulfur. According to the properties of spectator ligands, which are strong σ-donors, complexes 1 

and 2, as well as [(DippN)2W(Cl)(η2-P-PtBu2)]
– are nucleophilic ones[33][34][35]. Recently, we 

have reported a DFT study on the bonding properties of phosphanylphosphinidene ligands in 

transition metal complexes[10]. If it is sterically possible, one will observe side-on coordination 

of the R2P-P ligands to the metal center. However, the bonding type and the P-P bond character 
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within the phosphanylphosphinidene ligand substantially depend on the present metal (early vs. 

late TMs). Thus, the Pt(0) complexes 1 and 2, which are herein studied, differ significantly from 

tungsten(VI) complexes. Firstly, platinum phosphanylphosphinidene complexes are more 

nucleophilic than tungsten counterparts, which is manifested by reactions with metal carbonyls, 

where [L2Pt(η2-P=PtBu2)] reacts easily with [(OC)5M·THF] yielding stable [L2Pt(1,2-η-tBu2P=P-

M(CO)5] (M = Cr, W)[36] but [(DippN)2W(Cl)(η2-P-PtBu2)]
– formed [(DippN)2W(Cl)(1,2-η-

tBu2P-P-M(CO)5]
– in reversible reactions and these products are not stable and dissociated with 

the regeneration of starting W(VI) complex[37]. Secondly, the geometry of tBu2P=P moiety in 

platinum complexes resembles the one observed for free, “bottleable” Bertrand’s singlet 

phosphanylphosphinidene, where the most striking structural feature of this ligand is a very short 

(double) P-P bond[10][31][32]. The singlet phosphanylphosphinidene is stabilized via 

coordination to Pt(0) metal center in an ethene-like manner. Otherwise, in the case of the W(VI) 

complex, the P-P bond displays a rather single bond character. Moreover, a significant π-

interaction is present between the phosphinidene P-atom and the metal center resulting in P-W 

multiple bonding. The W(VI) complex can be seen as a result of the interaction of the triplet 

phosphanylphosphinidene moiety with the triplet metal fragment[10][38][39]. In this paper, we 

present our results concerning the reactivity of Pt(0) phosphanylphosphinidene complexes toward 

elemental sulfur. 

 

EXPERIMENTAL 

General information 

All experiments were carried out under an argon atmosphere using Schlenk techniques. All 

manipulations were performed using a standard vacuum, Schlenk, and glove box techniques. All 
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solvents were purified and dried using common methods. Solvents for NMR spectroscopy (C6D6 

and THF-d8) were purified using metallic sodium. Sulfur was kept under reduced pressure to 

remove traces of water. The phosphanylphosphinidene platinum complexes 1 and 2 were 

synthesized according to the literature [40][32]. NMR spectra were recorded on a Bruker Avance 

III HD 400 MHz spectrometer at ambient temperature (external standard TMS for 1H and 13C; 

85% H3PO4 for 31P). The chemical identity of 13C nuclei was determined by 13C/1H correlation 

spectra. UV-Vis spectra were measured on Thermo Scientific Evolution 220 UV-Visible 

spectrophotometer. 

Diffraction reflections intensity data were collected on an IPDS 2T dual-beam diffractometer 

(STOE & Cie GmbH, Darmstadt, Germany) at 120.0(2) K with CuKa or MoKa radiation of a 

microfocus X-ray source (GeniX 3D Mo High Flux, Xenocs, Sassenage, 50 kV, 1.0 mA, l = 

1.54186 Å). The investigated crystal was thermostated in a nitrogen stream at 120 K using 

CryoStream-800 device (Oxford CryoSystem, UK) during the entire experiment. Data collection 

and data reduction were controlled by X-Area 1.75 program (STOE). The multi-scan absorption 

correction was performed on the integrated reflections by a combination of frame scaling, 

reflection scaling, and a spherical absorption correction (μ = 10.16 mm–1). The structures were 

solved by intrinsic phasing methods (ShelXT) and refined anisotropically using the program's 

package OLEX238 and SHELX-2015[41][42][43]. Positions of the CH hydrogen atoms were 

calculated geometrically and taken into account with isotropic temperature factors and refined in 

the usual, default riding model.  

Elemental analysis was performed at the University of Gdańsk using a Vario El Cube CHNS 

apparatus. 
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[DppePt{S2P(S)–P(S)tBu2}] (3)  

A solution of [DppePt(η2-tBu2P=P)] (0.216 g, 0.28 mmol) in 4 mL THF was added dropwise to 

solid sulfur (0.036 g, 1.12 mmol) at -30°C. The reacting mixture was warmed up to room 

temperature and stirred for 24 h. Then the resulting solution was concentrated to half of its volume 

and 31P{1H} NMR spectrum was measured. Yellow crystals of 3 were obtained from the THF 

solution layered with pentane (0.111 g,0.119 mmol, yield 42 %) at -30°C.  

NMR data: 

 1H NMR (THF-d8, 400 MHz, δ): 1.55 ppm (d, 3JPH = 14.9 Hz, 18H, C(CH3)3), 2.31 ppm (br, 2H, 

PCH2), 2.50 ppm (br, 2H, PCH2), 7.40-7.53 (12H, m,p-CH), 7.65-7.68 (br, 4H, o-CH ), 8.29-8.50 

(br, 4H, o-CH); 31P{1H}NMR (THF-d8, 162 MHz, δ): 118.9 ppm (d, 1JP1-P2 = 143.9 Hz, 2JP1-Pt = 

147.5 Hz, P1), 87.5 ppm (d, 1JP1-P2 = 143.9 Hz, 3JP2-Pt = 10.6 Hz, P2), 42.6 ppm (s, 1JP3,4-Pt = 3201 

Hz, P3, P4); 13C{1H}NMR (THF-d8, 100 MHz, δ): 134.85 (Ci), 132.49 (Ci), 131.22 (Cm,p,), 128.48 

(Cm,p), 43.39 (dd, 1JCP = 22.3 Hz, 2JCP = 11.2 Hz C(CH3)3), 29.64 (s, C(CH3)3), 28.42 (m, PCH2); 

elemental analysis calculated for C34H42P4PtS4 · 0.5 THF (M = 933.99 g/mol): 46.29 %C, 4.96 

%H, 13.73 %S, found 46.38 %C, 5.12 %H, 13.33 %S (what is in line with the amount of THF 

present in the 1H NMR spectrum). 

NMR and UV-Vis spectra of 3 are presented in Figures S1-S7 and S15 in ESI. 

 

[(pTol3P)2Pt{S2P(S)–P(S)tBu2}] (4) 

A solution of [(pTol3P)2Pt(η2-tBu2P=P)] (0.392 g, 0.4 mmol) in 7 mL THF was added dropwise to 

solid sulfur (0.051 g, 1.6 mmol) at -20°C. The reacting mixture was warmed up to room 

temperature and stirred for 2 h. Then the resulting solution was concentrated to half of its volume 

and 31P{1H} NMR spectrum was measured. The solvent was then evaporated under reduced 
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pressure, and the residue was washed with pentane and dissolved in 3 mL of toluene, further 

layered with 3 mL of pentane. White microcrystalline powders of product 4, pTol3P=S, and 

tBu2PH(S) were obtained from toluene/pentane solution at room temperature. According to 1H-

NMR data, the powder has a molar composition of 4 (≈ 67%), tBu2PH(S) (≈ 7 %), p-Tol3PS (≈ 26 

%). Therefore, the residue dissolving in toluene further layered with pentane was repeated 4 times. 

Then the obtained residue was washed 7 times with pentane resulting in pure 4 (0.167 g, 0.148 

mmol, yield 37%). Crystals of 4 suitable for X-ray analysis were grown from toluene/pentane 

solution with a few drops of C6D6 at room temperature. 

NMR data: 

1H NMR (C6D6, 400 MHz, δ): 1.82 ppm {d, 18H, 3JPH = 15.1 Hz, C(CH3)3}, 1.93 ppm (s, 18H, 

CH3-C), 7.70(m, 12H, o-CH), 6.78 (m, 12H, m-CH); 31P{1H}NMR (C6D6, 162 MHz, δ): 106.7 

ppm (d, 1JP1-P2 = 146.4 Hz, 2JP1-Pt = 174.5 Hz, P1), 87.0 ppm (d, 1JP1-P2 = 146.4 Hz, 3JP2-Pt = 10.6 

Hz, P2), 17.2 ppm (s, 1JP3,4-Pt = 3289 Hz, P3, P4); 13C{1H}(C6D6, 100 MHz, δ): 140.48 (Ci), 135.18 

(Co), 128.39 (Cm), 43.87 (dd, 1JCP = 21.9 Hz, 2JCP = 10.7 Hz C(CH3)3), 30.56 (s, C(CH3)3), 20.77 

(s, CCH3); elemental analysis calculated for C50H60P4PtS4 (M = 1108.25 g/mol): 54.19 %C, 5.46 

%H, 11.57 %S, found 53.97 %C, 5.59 %H, 11.13 %S 

NMR and UV-Vis spectra of 4 rea presented in Figures S8-S14 and S16 in ESI. 

 

RESULTS AND DISCUSSION 

The phosphanylphosphinidene complex [DppePt(η2-P=PtBu2)] (1) reacts with elemental 

sulfur in THF in a 1:4 molar ratio under mild conditions. 31P{1H} NMR spectrum of the reaction 

solution revealed the quantitative formation of a single product 3 after 24 hours of stirring at room 

temperature (Scheme 2, Figure S1).  
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Scheme 2. Syntheses of 3 and 4.  

Complex 3 is the sole product of this reaction regardless the molar ratio of reagents. We have also 

tested the reaction of 1 with sulfur at molar ratio 1:2 and only the presence of 3 and unreacted 1 

was detected. The 31P{1H} spectrum of 3 shows three resonances at 118.9 ppm (P1), 87.5 ppm 

(P2), and 42.6 (P3, P4) ppm (AMX2 pattern), where signals of the P1 and P2 atoms can be 

attributed to a newly formed thiophosphorus ligand, whereas P3 and P4 signal can be assigned to 

Dppe ligand (Figure S2). The resonances of P1 and P2 atoms are significantly downfield shifted 

in comparison to the corresponding resonances of the parent 1 (-48.2 ppm (P1), 71.5 ppm (P2)). 

Moreover, in contrast to complex 1, compound 3 displays a small value of 1JP1-P2 (143.9 Hz (3) vs. 

622.4 Hz (1)) and has no coupling between P-atoms of Dppe ligand (P3, P4) and P-atoms of new 

thiophosphorus ligand (P1, P2). All signals in the 31P{1H} spectrum of 3 possess platinum satellites 

with values of 147.5 Hz (P1), 10.6 Hz (P2) and 3201 Hz (P3). Relatively small first two absolute 

values of platinum-phosphorus couplings indicate that P1 and P2 atoms are not directly bonded to 

the platinum metal center. It is worth mentioning that the 1H NMR spectrum of 3 at ambient 

temperature in THF-d8 solution points to the dynamic behavior of the Dppe ligand. The resonances 
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of orto CH at 8.25 and 7.62 ppm are broad multiplets and the same is observed for P-CH2-CH2-P 

hydrogens visible as broad signals at 2.50 and 2.31 ppm (Figure S3). Based on NMR data of 3, we 

assumed that the phosphanylphosphinidene ligand was sulfurized in the coordination sphere of 

platinum. This hypothesis was fully confirmed by the single-crystal X-ray diffraction analysis. 

The successful crystallization from THF/pentane yielded yellow crystals of 3. The X-ray 

structure of 3 clearly shows the addition of four sulfur atoms to the phosphanylphosphinidene 

ligand which leads to the formation of a new phosphinothioyltrithiophosphonato ligand (Figure 1). 

 

Figure 1. Molecular view and atom labeling scheme for 3. Hydrogen atoms are omitted, displacement 

ellipsoids are drawn at 50% probability level. Selected bond lengths and angles [Å, ]: Pt1-P3 2.247(2), 

Pt1-P4 2.254(2), Pt1-S2 2.356(2), Pt1-S3 2.359(2), P1-S1 1.956(4), P1-S2 2.055(3), P1-S3 2.063(3), P1-

P2 2.285(3), P2-S4 1.969(4); P3-Pt1-P4 85.72(8), S2-Pt1-S3 82.29(8), S1-P1-P2 116.1(1), P2-P1-

S2 105.7(1), P2-P1-S3 106.2(1), P1-P2-S4 110.5(1). 
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The tBu2PP moiety was split off from the Pt-center, however, the P-P bond is retained in the newly 

formed [tBu2P(=S)-P(=S)S2]
2- ligand. The geometry around Pt-atom in complex 3 is distorted 

square planar, where S2 and S3 atoms of [tBu2P(=S)-P(=S)S2]
2- anion and P3 and P4 atoms of 

Dppe ligand coordinate to the platinum atom. Interestingly, the flat fragment is extended to also 

include S2, S3, and P1 atoms of the trithiophosphonato moiety. The molecule of 3 displays a 

roughly mirror plane perpendicular to it along the Pt1-P1 vector. The P1 and P2 atoms exhibit 

distorted tetrahedral geometry. The P1-P2 bond is very long (2.285(3) Å), even longer than the 

expected value for the P-P single bond (2.22 Å)[44]. The P1-S2 and P2-S1 bond lengths with 

values of 2.055(3) Å and 2.063(3) Å respectively, are in between typical single and double bond 

distances, whereas short bond lengths of P1-S1 (1.956(4) Å), and P2-S4 (1.969(4) Å) confirm their 

double bond character (a sum of single covalent bond radii for P and S atoms is 2.14 Å; a sum of 

double covalent bond radii for P and S atoms is 1.96 Å)[44][45]. The terminal P1-S1 and P2-S4 

bonds exhibit anti-periplanar orientation to each other with dihedral angle S1-P1-P2-S4 equal -

166.12. The Pt-S2 and Pt-S3 distances with values of 2.356(2) Å and 2.359(2) Å are very similar 

compared to those observed for [(R3P)2Pt(S3PR’)][28]. 

The reaction of [(pTol3P)2Pt(η2-P=PtBu2)] (2) with sulfur undergoes similarly yet not so 

cleanly as the reaction of 1 with sulfur (Scheme 2). The NMR examination of the reaction solution 

indicates a formation of [(p-Tol3P)2Pt{S2P(S)–P(S)tBu2}] (4), p-Tol3P=S, and small amounts of 

tBu2PH(S), pTol3P, and tBu2PS2Li(THF)n [30] (Figure S8). A formation of p-Tol3P=S and p-Tol3P 

indicates that S8 can split off the p-Tol3P ligand from the Pt center. The presence of tBu2PH(S) 

and tBu2PS2Li(THF)n points to the P-P bond cleavage of the tBu2P=P ligand during the reaction. 

A formation of tBu2PS2Li(THF)n is possible since LiCl is the contamination of 2. The similarity 

of 4 and 3 NMR data supports its identification (for details see Experimental and Figures S8-S14). 
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The formation of 4 is preferred regardless of the molar ratio 2: S. Nevertheless, we isolated 

compound 4 as an analytically pure white solid by fractional crystallization from toluene/pentane 

solution. The addition of few drops of C6D6 to toluene/pentane solution of 4 at room temperature 

gave colorless crystals of 4·C6D6 suitable for X-ray analysis. The molecular structure of 4, 

reminiscent to 3, is presented in Figure 2. 

 

Figure 2. Molecular view and atom labeling scheme for 4. Hydrogen atoms and are omitted, 

displacement ellipsoids are drawn at 50% probability level. Selected bond lengths and angles [Å, ]: Pt1-

P3 2.297(1), Pt1-P4 2.273(1), Pt1-S2 2.339(1), Pt1-S3 2.374(1), P1-S1 1.948(2), P1-S2 2.056(2), P1-S3 

2.059(2), P1-P2 2.285(2), P2-S4 1.967(2); P3-Pt1-P4 102.82(4), S2-Pt1-S3 81.17(4), S1-P1-P2 112.31(8), 

P2-P1-S2 103.63(7), P2-P1-S3 107.65(7), P1-P2-S4 107.97(7). 

The reactivity of side-on phosphanylphosphinidene Pt complexes 1 and 2 toward sulfur 

differs significantly from the reactivity of their tungsten counterparts toward chalcogens[30]. The 

formation of chelate phosphinothioyltrithiophosphonato ligands is strongly preferred for the 
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platinum complexes. To our knowledge, 3 and 4 are the first example of compounds bearing 

R2P(=S)-P(=S)S2 structural motif. On the other hand, the formation of phosphanylphosphinidene 

sulfide ligand tBu2P–P=S and its side-on bonded complex i.e. [DppePt(2,3-η-tBu2P–P=S], which 

is typical for anionic [(DippN)2W(Cl)(η2-P–PtBu2)]
–, is not visible[30]. Moreover, in the case of 

phosphanylphosphinidene ligand coordinated to the platinum metal center, reactions with an 

excess of sulfur did not produce a complex with tetrathiophosphate ligands [PS4]
3− as it was 

observed for analogous reactions involving [(DippN)2W(Cl)(η2-P–PtBu2)]
– [30]. When it comes 

to stability, both solids 3 and 4 are stable in air, although 4 is slowly decomposing in a solution. 

We have also studied the electronic structure of phosphinothioyltrithiophosphonato ligand 

using theoretical methods. The analysis of natural bond orbitals (NBOs) of complex 3 indicates 

sp3 hybridization of both P atoms within the chelate ligand [tBu2P(=S)-P(=S)S2]
2-. Each terminal 

S atom possesses three electron pairs: one displaying a dominated s-character and two with 

dominated p-character. The shortening of terminal P1-S1 and P2-S4 bonds can be explained by π-

interactions between p-electron pairs at terminal sulfur atoms with antibonding σ*(P2-C1)/σ*(P2-

C5) orbitals (Figure 3A), antibonding σ*(P1-P2) orbital (Figure 3B, 3C), and antibonding σ*(P1-

S2)/σ*(P1-S3) orbitals (Figure 3D). The significant elongation of the P1-P2 bond observed in the 

molecular structure of 3 can be explained by π-donation to the σ*(P1-P2) orbital.  
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Figure 3. Graphical representation of NBOs of 3 associated with LP1(S4), σ*(P2-C1) and σ*(P2-C5) (A); 

LP2(S4) and σ*(P1-P2) (B); LP2(S1) and σ*(P1-P2) (C); LP1(S1), σ*(P1-S2) and σ*(P1-S3) (D); LP1(S2), 

LP1(S3), and σ*(P1-S1) (E). 

The presence of mentioned π-interactions is additionally confirmed by decreased occupancies of 

NBOs associated with electron p-pairs at S1 and S4 atoms (1.70-1.82) and increased occupancies 

of antibonding orbitals: σ*(P2-C1)/σ*(P2-C5) (0.17/0.18), σ*(P1-P2) (0.42), and σ*(P1-

S2)/σ*(P1-S3) (0.21/0.21). The Wiberg bond orders for P1-S1, P2-S4, and P1-P2 bonds with the 

values of 1.40, 1.33, and 0.61 respectively, are in line with their metric parameters. Additional π-

interactions are also observed within the P1-S2-Pt-S3 cycle, where electron p-pairs of the bridging 

S2 and S3 atoms interact with the antibonding σ*(P1-S1) orbital (Figure 3E). The contribution of 

d-orbitals of P1 and P2 atoms in the mentioned above π-interactions is small but cannot be 

neglected. The S2-Pt and S3-Pt bonds can be seen as dative bonds and it is confirmed by the 

contribution of S atoms in NLMOs associated with these bonds (ca. 71%). Hirshfeld charge 
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analysis shows that large positive charges are located at phosphorus atoms of [tBu2P(=S)-

P(=S)S2]
2- ligand (+0.172 (P1), +0.271 (P2)), whereas a small positive charge is present at Pt atom 

(+0.082). As expected, the largest negative charges are located on terminal S atoms (-0.234 (S1), 

-0.200 (S4)), and bridging S atoms (-0.150 (S2), -0.146 (S3)). 

In conclusion, sulfurization of side-on phosphanylphosphinidene platinum(0) complexes 

yielded compounds with new phosphinothioyltrithiophosphonato ligands. Despite the addition of 

four sulfur atoms to the tBu2PP moiety, the P-P bond is retained in the newly formed ligand. The 

outcomes of the mentioned reactions are in strong contrast with the reactivity of the side-on 

phosphanylphosphinidene tungsten(VI) complex toward chalcogens, where complexes of 

phosphanylphosphinidene chalcogenides or tetrachalcogenophosphates were formed. The 

obtained sulfur-rich anion with the formula [tBu2P(=S)-P(=S)S2]
2- is an attractive building block 

for coordination chemistry which can act as a polydentate chelating or bridging ligand.  
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