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ABSTRACT 

Oxidation of the sodium salt of 2-methyl, 3-methyl, 4-methyl and 4-chloro-3-methylphenyldithiocarbonic acid by 

I2 affords the disulfides of respective dithiocarbonates [(ArOCS2)2] (Ar = 2-CH3C6H4, 3-CH3C6H4, 4-CH3C6H4 

and 4-Cl-3-CH3C6H3. These have been characterized by elemental analyses, infrared, mass and heteronuclear 

NMR (
1
H and 

13
C) spectroscopic studies. 
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I.INTRODUCTION 

The dithiocarbonates constitute an important aspect of mineral technology and seperation techniques [1-4]. The 

dithiocarbonate complexes have now paved their way into nanomaterial technology as well acting as capping 

agents for the synthesis of metal nano-particles and self-assembled monolayers as alternatives to thiols and as 

sulfidizing reagents for the preparation of metal sulfide nano-particles [5-6]. In view of the interest and 

importance of xanthate complexes, the work reported herein is focused on synthesis and spectroscopic 

characterization disulfides of new aryldithiocarbonates. 

 

II.EXPERIMENTAL 

The synthesis of these sensitive disulfides requires an inert atmosphere. Hence, the entire synthetic process is 

conducted using Schlenk’s line techniques. Distillation of 2-, 3- and 4-hydroxytoluene (cresols) was carried out 

before use. 4-chloro-3-methylphenol (Himedia) was used as received. The solvents used (toluene, hexane, 

chloroform) were purified and dried by standard methods before use. The ligands were synthesized by the 

reported literature procedure [7]. Elemental analyses of C, H, N 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. 

Volhard’s method was used to estimate chlorine volumetrically. 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 
1
H and 

13
C NMR spectra were recorded in 

CDCl3 on Bruker Avance II and III 400 (400 MHz) spectrometer using TMS as internal reference for 
1
H and 

13
C 

NMR. 
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Scheme 1: Numeric assignment to Hydrogen and Carbon atoms for predicting 
1
H and 

13
C NMR spectra. 

 

Synthesis of disulfides of dithiocarbonates 

Synthesis of [(2-CH3C6H4OCS2)2] (1) 

Complex 1 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 2-methyltolyldithiocarbonate with constant 

stirring at room temperature. As soon as the iodine solution was added the dark pink color of the iodine 

disappeared due to the oxidation of sodium salt of 2-methyltolyldithiocarbonate. 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 [(2-CH3C6H4OCS2)2] (1) was obtained from the filtrate as yellow viscous 

compound. Yield: 80 %; Anal. Calcd. for C16H14O2S4: Calculated (%):C, 52.43; H, 3.85; S, 34.99; Found (%): 

C, 52.30; H, 3.61; S, 34.70; FTIR (cm
-1

): 3031, b [v(C–H)], 1597, b [v(C–C)], 1212, s [v(C–O–C)], 507, m, 

[v(S–S)], 
1
H NMR (CDCl3): 2.3 (s, 6H), 6.8, d, H(3,8) (J = 8.1 Hz); 6.7, t, H(4,9) (J = 8.1 Hz); 6.9, t,  H(5,10) (J = 

8.1 Hz); 6.6, d, H(6,11) (J = 8.1 Hz) ppm; 
13

C NMR (CDCl3): 22.7 (2-CH3), 122.9 (C2-CH3), 114.6 (C6), 121.4 

(C4), 127.1 (C3), 128.5 (C5), 157.0 (C1-O), 165.0 (CS2) ppm. ESI-MS: m/z (%) =  [M
+
] 366 (13) [2–

CH3C6H4OCS2]2;  [M
+
] 336 (13) [C6H4OCS2]2;  [M

+
] 276 (30) [2–CH3C6H4O2C2S4H]; [M

+
] 108 (10) [2–

CH3C6H4OH]; [M
+
] 76 (20) [CS2]. 

 

Synthesis of [(3-CH3C6H4OCS2)2] (2) 

Complex 2 was synthesized according to the protocol as described for complex 1; (1.00 g, 3.00 mmol) of 

sodium 3-methyltolyldithiocarbonate, 3-CH3C6H4OCS2Na and (0.38 g, 1.50 mmol) iodine, I2, was used to yield 

complex 2 as yellow viscous compound.Yield: 78 %; Anal. Calcd. for C16H14O2S4: Calculated (%):C, 52.43; H, 

3.85; S, 34.99; Found (%): C, 52.28; H, 3.59; S, 34.88; FTIR (cm
-1

): 3020, b [v(C–H)], 1600, b [v(C–C)], 1218, 

s [v(C–O–C)], 510, m, [v(S–S)], 
1
H NMR (CDCl3): 2.3 (s, 6H), 6.5, s, H(2,7); 6.6, d, H(4,9) (J = 8.0 Hz); 6.9, t, 

H(5,10) (J = 8.0 Hz); 6.7, d, H(6,11) (J = 8.1 Hz) ppm; 
13

C NMR (CDCl3): 22.5 (3-CH3), 115.4 (C2), 139.1 (C3-

CH3), 127.2 (C4), 130.7 (C5), 119.2 (C6), 158.0 (C1-O), 167.9 (CS2) ppm. 

 

Synthesis of [(4-CH3C6H4OCS2)2] (3) 

Complex 3 was synthesized according to the protocol as described for complex 1; (1.00 g, 3.00 mmol) of 

sodium 4-methyltolyldithiocarbonate, 4-CH3C6H4OCS2Na and (0.38 g, 1.50 mmol) iodine, I2, was used to yield 
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complex 3 as yellow viscous compound.Yield: 77 %; Anal. Calcd. for C16H14O2S4: Calculated (%):C, 52.43; H, 

3.85; S, 34.99; Found (%): C, 52.30; H, 3.52; S, 34.70; FTIR (cm
-1

): 3031, b [v(C–H)], 1594, b [v(C–C)], 1211, 

s [v(C–O–C)], 510, m, [v(S–S)], 
1
H NMR (CDCl3): 2.2 (s, 6H), 6.6, d, H(2,6,7,11) (J = 8.2 Hz);; 6.9, d, H(3,5,8,10) (J 

= 8.2 Hz) ppm; 
13

C NMR (CDCl3): 22.6 (4-CH3), 116.2 (C2, C6), 129.3 (C4-CH3), 130.2 (C3, C5), 155.0 (C1-O), 

165.5 (CS2) ppm. 

 

Synthesis of [(4-Cl-3-CH3C6H3OCS2)2] (4) 

Complex 4 was synthesized according to the protocol as described for complex 1; (1.00 g, 4.10 mmol) of 

sodium 4-chloro-3-methyltolyldithiocarbonate, 4-Cl-3-CH3C6H3OCS2Na and (0.52 g, 2.04 mmol) iodine, I2, was 

used to yield complex 4 as yellow viscous compound. Yield: 77 %; Anal. Calcd. for C16H12Cl2O2S4: Calculated 

(%):C, 44.13; H, 2.78; S, 29.46; Found (%): C, 44.11; H, 2.76; S, 29.45; FTIR (cm
-1

): 3033, b [v(C–H)], 1599, b 

[v(C–C)], 1210, s [v(C–O–C)], 505, m, [v(S–S)], 
1
H NMR (CDCl3): 2.0 (s, 6H), 6.6, s, H(2,7); 6.5, d, 6 H(5,10); (J 

= 8.0 Hz); 7.0, d, H(6,11) (J = 8.0 Hz) ppm; 
13

C NMR (CDCl3): 20.6 (3-CH3), 116.8 (C6), 128.5 (C5), 113.2 (C2), 

123.3 (C3-CH3), 135.7 (C4-Cl), 158.4 (C1-O), 168.0 (CS2) ppm. 

 

III.RESULTS AND DISCUSSION 

A number of methods have been identified to synthesize bis(thiocarbonyl)–disulfanes, among those, the most 

common method used for the preparation is based upon the oxidation of alkali metal salts of dithiocarbonic 

acids with iodine in aqueous solution [7-8]. 

Oxidation of the sodium salt of 2-, 3-, 4- and 4-chloro-3-methylphenyldithiocarbonates with iodine in 

chloroform resulted in the formation of dixanthogens corresponding to ArOC(S)SSC(S)OAr in fairly good yield 

as yellow solid compounds under anhydrous conditions as shown in Scheme 2. 

 

+ I2
CHCl3

-2NaI
C S S C

SS

OO ArAr

1-4
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Scheme 2: Synthesis of disulfides of 2-, 3-, 4- and 4-chloro-3-methylphenyldithiocarbonates 

 

The pure disulfides were isolated after the isolation of sodium iodide thus formed during the course of reaction 

under anhydrous conditions. These reactions appear to be quite facile and resulted corresponding disulfides in very 

good yield (77–80 %). These dixanthogens are soluble in common organic solvents viz. benzene, toluene, 

chloroform, acetone, dichloromethane etc., but are insoluble in n–hexane and carbon tetrachloride. These 

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

disulfides were found consistent to their molecular formula  

 

Infrared  
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The tentative assignments of IR spectral data (4000–400 cm
–1

) were interpreted on the comparison basis with 

the literature reports [7-9]. The IR spectra show the characteristic sharp band for v(C─O─C) and broad band for 

v(C C) (tolyl and benzyl ring stretching) in the range 1218–1210 cm
–1

 and 1600–1594 cm
–1

, respectively. The 

appearance of new band of medium intensity for (S–S) in the region 510–505 cm
–1

 is indicating formation of 

new bond between sulfur atoms of the two ligands in the compounds. The v(C─H) vibrations (due to the tolyl 

and benzyl ring) were observed in the region 3033–3020 cm
–1

.
  

 

1
H NMR  

In the 
1
H NMR spectra (in CDCl3), the chemical shifts for the CH3 protons were observed in the region 2.0–2.3 

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. There were two observed chemical resonances for the ring protons of para derivative (3) 

whereas four resonances were observed for ortho derivative and meta derivative (1-2). The 4-chloro-3-

methylphenyl derivative (4) shows three signals.  

 

13
C NMR  

The 
13

C NMR spectra of these disulfides have shown the appearance of the chemical shift for all the carbon 

nuclei in their characteristic region. The chemical shift for methyl (–CH3) occurred in the range 20.6-22.7. The 

carbon nuclei of aryl ring have displayed their resonance in the region 113.2-158.4 ppm. The carbon attached to 

the methyl in the respective compounds resonated in the region 122.9–139.1 ppm. The peak in the region 155.0–

158.4 was due to the carbon attached to the oxygen atom in the derivatives. In 
13

C NMR spectra, signal for the carbon 

nucleus of –(O)CS2 group has been observed in the region 165.0–168.0 ppm, supporting the authenticity of 

these compounds. 

 

Mass  

Mass spectral analysis of one representative compound 2-methyltolyldithiocarbonate [(2-CH3C6H4OCS2)2] was 

carried out. The mass spectrum showed characteristic molecular ion peak [M
+
] at m/z = 366. In addition to 

molecular ion peak several other peaks were also observed which are corresponding to the fragmented species 

m/z = 76 (CS2), m/z = 94 (HCS2OH), m/z = 366 (C8H7OS2)2 after the consecutive removal of different groups. 

The occurrence of molecular ion peak in the compound supported its monomeric nature. 

 

IV.CONCLUSION 

On the basis of analytical studies like elemental analyses, mass, IR and multinuclear NMR (
1
H and 

13
C), a 

probable geometry may be assigned to these disulfides. In the IR spectra the appearance of new bands for S─S 

vibration supported the formation of these compounds. It is interesting to note that in the IR spectra of the 

disulphides the v(C=S) frequency is raised to 1186–1180 cm
–1 

and while that the v(C─S) is lowered to 912–900 

cm
–1

, as compared to the representative frequencies of the sodium xanthates at 1145–1140 cm
–1 

and 1008–1002 

cm
–1

. This might be due to linkage between only one sulfur atom of each dithio moiety. Hence, only one sulfur 
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atom of the tolyl/benzyl dithiocarbonate ligand is involved in bonding with the sulfur of the other 

dithiocarbonate ligand, leaving another sulfur atom non–bonded. In conjunction with the literature reports
 
[7-9] 

the following structure is assigned (Figure 1). 

 

(1-4)

O C

S S

C O

S S
H3C CH3

X X

 

Figure 1: Structure of [(2–, 3–, 4–CH3C6H4OCS2)]2 and [(4-Cl-3-CH3C6H4OCS2)2]; X = H (1, 2), -CH3 (3) 

or Cl (4). 
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