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ABSTRACT 

The disulfide corresponding to [(4-Cl-3-CH3C6H3O)2PS2]2 has been synthesized by oxidation of sodium salt of di(4-

chloro-3-methylphenyl)dithiophosphate, [(4-Cl-3-CH3C6H3O)2PS2Na] by iodine in chloroform. This disulfide has 

been characterized by elemental analyses, IR, ESI-Mass, heteronuclear NMR (1H, 13C and 31P). 
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I. INTRODUCTION 

Dithiophosphates and their derivatives have been extensively employed both as antioxidant and antiwear 

additives in rubber and as lubricating oils [1, 2]. The literature reports of dithiophosphate ligand and their metal 

derivatives are very diverse and almost each compound has found its significant role to play in either industrial, 

agricultural or biomedical fields [3—5]. Bis(dialkyldithiophosphate)disulfides are highly effective in breaking 

the dormancy of plant seeds, bulbs and tubers. These disulfides can be used as herbicides or applied to the 

cultivation of crop plants[6] . Gasoline storage units contain blended disulfides (0.001%-0.500%, by weight), for 

a long term storage without sludge deposition [7]. Disulfide are added to electrolytes as additives for secondary 

lithium batteries in order to increase life of the batteries [8]. Herein, the synthesis and spectroscopic 

characterization of [(4-Cl-3-CH3C6H3O)2PS2]2 has been reported. 

 

II. EXPERIMENTAL 

The entire synthetic process is conducted using Schlenk line techniques. 4-chloro-3-methylphenol (Himedia) 

was used as received. The solvent chloroform was purified and dried by standard methods before use. The 

ligands were synthesized by the reported literature procedure [9]. Elemental analyses of C, H and S were done 

on Vario EL III and CHNS-932 Leco elemental analyzer and their results were in good agreement (±0.3%) with 

the calculated values. The mass spectra were recorded on ESQUIRE3000_00037 spectrophotometer. IR spectra 

were recorded using KBr pellet in the range of 4000-200 cm-1 on a Perkin Elmer Spectrum 400-I FTIR 

spectrophotometer. The 1H, 13C and 31P NMR spectra were recorded in CDCl3 on Bruker Avance II and III 400 

(400 MHz) spectrometer using TMS as internal reference for 1H and 13C NMR and H3PO4 as external reference 

for 
31

P NMR. 
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Synthesis of disulfide of di(4-chloro-3-methylphenyl)dithiophosphate, [(4-Cl-3-CH3C6H3O)2PS2]2 

The title compound was prepared by dropwise addition of chloroform solution (10 ml) of iodine, I2 (0.38 g, 1.50 

mmol) to a chloroform solution (30 ml) of (1.00 g, 3.00 mmol) sodium 4-chloro-3-

methylphenyl)dithiophosphate with constant stirring at room temperature. As soon as the iodine solution was 

added the dark pink colour of the disappeared due to the oxidation of sodium salt of 4-chloro-3-

methylphenyl)dithiophosphate. The iodine solution was added continuously till a light pink colour appeared in 

the reaction. The reaction mixture was then stirred for 4-5 hours at room temperature for the sake of completion 

of the reaction. The precipitates of sodium iodide were filtered off using alkoxy funnel fitted with G-4 sintered 

disc and volatiles were removed from the filtrate under reduced pressure and the desired product [(4-Cl-3-

CH3C6H3O)2PS2]2 was obtained from the filtrate as yellow viscous compound. Yield: 77 %; Anal. Calcd. for 

C28H24Cl4O4P2S4: Calculated (%): C, 44.45; H, 3.20; S, 16.95; Cl, 18.75; Found (%): C, 44.23; H, 3.11; S, 

16.87; Cl, 18.81; FTIR (cm-1): 3031, b [v(C–H)], 1211, s [v(P)–O–C], 1005, s, [vP–O–(C)], 951, m, [v(P–S)], 

597, m, [v(P=S)], 503, m, [v(S–S)], 1H NMR (CDCl3): 2.0 (s, 12H), 6.6, s, 4 H(ortho); 6.5, d, 4 H(meta); (J = 8.0 

Hz); 7.0, d, 4 H(ortho’) (J = 8.0 Hz) ppm; 31P NMR (CDCl3): 93.5 ppm; 13C NMR (CDCl3): 19.6 (3-CH3), 115.8 

(C6), 127.5 (C5), 114.2 (C2), 124.3 (C3-CH3), 136.7 (C4-Cl), 157.4 (C1-O) ppm. ESI-MS: m/z (%) = [M+] 756.51 

(13) [(4-Cl-3-CH3C6H3O)2PS2]2]; [M
+] 554.56 (13) [(C6H3O)2PS2]2; [M

+] 141.57 (10) [4-Cl-3-CH3C6H3O]; [M+] 

106.12 (20) [CH3C6H3O]. 

 

III. RESULTS AND DISCUSSION 

Oxidation of the sodium salt of di(4-chloro-3-methylphenyl)dithiophosphate with iodine in chloroform resulted 

in the formation of disulfide corresponding to [(4-Cl-3-CH3C6H3O)2PS2]2 in fairly good yield as yellow solid 

compound under anhydrous conditions as shown in Scheme 1. 

CHCl3

-2NaI
2 (ArO)2PS2Na   +   I2                         (ArO)2P(S)S S(S)P(ArO)2

Ar = 4-Cl-3-CH3C6H3  

Scheme 1: Synthesis of disulfide of di(4-chloro-3-methylphenyl)dithiophosphate 

Pure disulfide was isolated after the isolation of sodium iodide thus formed during the course of reaction under 

anhydrous conditions. The compound is soluble in common organic solvents viz. benzene, toluene, chloroform, 

acetone, dichloromethane etc., but is insoluble in n–hexane and carbon tetrachloride. This disulfide was obtained 

in sufficient purity as revealed by spectral studies. The elemental analyses of all the disulfides were found 

consistent to their molecular formula. 

Infrared 

The tentative assignments of IR spectral data (4000–400 cm–1) were interpreted on the comparison basis with 

the literature reports []. The IR spectrum shows the characteristic sharp band for v[(P)─O─C] at 1211 cm
–1

 and 

v[P─O─(C)] at 1005 cm–1 and medium intensity bands at 951 cm–1 ascribed to [v(P–S)] and at 597 cm–1 

ascribed to [v(P=S)]. The appearance of new band of medium intensity for (S–S) in the region 503 cm–1 is 

indicative of the formation of new bond between sulfur atoms of the two ligands in the compound. 
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1
H NMR  

In the 1H NMR spectrum (in CDCl3), the chemical shift for the CH3 protons was observed at 2.0 ppm as singlet 

whereas the protons of the aryl ring gave the chemical shift in the range 6.5–7.0 ppm with their usual splitting 

pattern. The 4-chloro-3-methylphenyl ring shows three signals one singlet at 6.6 and one doublet at 7.0 ppm for 

ortho protons. Another doublet for meta protons is observed at 6.5 ppm. 

13
C NMR  

The 13C NMR spectrum of the disulfide has shown the appearance of the chemical shift for all the carbon nuclei 

in their characteristic region. The chemical shift for methyl (–CH3) carbon occurred at 19.6 ppm. The carbon 

nuclei of aryl ring have displayed their resonance in the region 114.2-157.4 ppm. The carbon attached to the 

methyl resonated at 124.3 ppm. The peak at 157.4 was due to the carbon attached to the oxygen atom.  

31
P NMR Spectra 

The 
31

P NMR spectrum of the compound depicted the chemical shift for the phosphorus atom as singlet at 93.5 

ppm. Furthermore, occurrence of a downfield shift in comparison to the parent dithiophosphate ligands is 

indicative of the linkage of both the sulphur atoms of the two dithiophosphate ligands. The appearance of a 

singlet is a confirmation of equivalent nature of the phosphorus atoms and symmetric structure of compound. 

Mass  

Mass spectral analytical data as interpreted from the mass spectrum showed characteristic molecular ion peak 

[M+] at m/z = 756.51. In addition to molecular ion peak several other peaks were also observed which are 

corresponding to the fragmented species m/z = 554.56, [(C6H3O)2PS2]2, m/z = 141.57, [4-Cl-3-CH3C6H3O], 

m/z = 106.12, [CH3C6H3O] after the consecutive removal of different groups. The occurrence of molecular ion 

peak in the compound supported its monomeric nature. The fragments containing chlorine atom exhibited the 

peak in accordance to the isotopic effect of chlorine (calculated as 35.5 a.m.u.) and M and M+2 peaks were 

observed. 

Structural Features 

On the basis of analytical studies like elemental analyses, mass, IR and multinuclear NMR (1H, 31P and 13C), a 

probable geometry may be assigned to the disulfides. In the IR spectrum the appearance of new band for S─S 

vibration supported the formation of this compound. In conjunction with the literature reports[6,9-10] the 

following structure is assigned (Figure 1). 
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Figure 1: Proposed structure of [(4-Cl-3-CH3C6H3O)2PS2)2] 
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