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Abstract


An efficient and new method for the synthesis of disulfides and sulfides via the reaction of aryl halides with ethyl potassium xanthogenate in the presence of MOF-199 is described. O-Ethyl-S-aryl carbonodithioate has a key role as an intermediate in this procedure; it was converted into symmetrical diaryl disulfides in DMF. Additionally, this could be applied to the synthesis of unsymmetrical aryl alkyl(aryl′) disulfides by the reaction with S-alkyl(aryl) sulfurothioates (Bunte salts) as well as unsymmetrical aryl alkyl(aryl′) sulfides in DMSO.
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          General Procedure for the Synthesis of Unsymmetrical Disulfides
The requisite alkyl (aryl) halide (1.0 mmol), potassium O-ethylcarbonodithioate (0.24 g, 1.5 mmol) and MOF-199 (4.0 mg) were added to DMSO (2.0 mL) and the mixture heated to 80 °C for 12 h. After complete conversion of the alkyl (aryl) halide into O-ethyl-S-phenyl carbonodithioate, RS2O3Na (1.0 mmol) and K2CO3 (0.14 g, 1.0 mmol) were added and the mixture heated to 80 °C for a further 12 h. The progress of reaction was monitored by TLC. Upon completion of the reaction, the mixture was cooled to room temperature and then filtered. The filtrate was evaporated under vacuum, CH2Cl2 (20 mL) was added, and the mixture was washed with H2O (2 × 15 mL). The combined organic layers were dried over Na2SO4, filtered, and evaporated to afford the crude unsymmettrical alkyl (aryl) disulfide, which was purified by thick-layer chromatography (silica gel, eluting wth n-hexane–ethyl acetate, 20:1; in the case of 5d,f,i,j,n,p, 4:1).
O-Ethyl-S-phenyl Carbonodithioate (3)
Oil.1H NMR (300 MHz, CDCl3): δ = 7.76 (d, 2 HAr), 7.37–7.12 (m, 3 HAr), 3.26 (q, 2 HOEt), 1.14 (t, 3 HOEt) ppm.13C NMR (100 MHz, CDCl3): δ = 210.2 (C=S), 138.7, 136.4, 131.4, 126.4 (CAr), 66.0 (CH2), 13.7 (CH3) ppm. GC–MS (EI): m/z = 198.3 [M+].
1-Benzyl -2-(naphthalen-2-yl)disulfide (5b)
Oil. 1H NMR (300 MHz, CDCl3): δ = 5.82–7.55 (m, 12 HAr), 2.32 (s, 2 HCH2) ppm. 13C NMR (100 MHz, CDCl3): δ = 162.3, 158.4, 147.1, 136.1, 130.4, 129.5, 129.0, 128.8, 127.9, 127.3, 125.2, 124.9, 122. 6, 115.8, 31.4 ppm.
1-(4-Methoxyphenyl)-2-phenyldisulfide (5p)
White solid. 1H NMR (300 MHz, CDCl3): δ  = 7.73–7.09 (m, 9 HAr), 3.80 (s, 3 HOMe) ppm. 13C NMR (100 MHz, CDCl3): δ = 136.1, 132.5, 129.8, 127.9, 125.2, 123.2, 115.9, 127.2, 31.9 ppm. For other compounds, see the Supporting Information. 
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          General Procedure for the Synthesis of Symmetrical Disulfides
A mixture of the requisite alkyl (aryl) halide (2.0 mmol), potassium O-ethylcarbonodithioate (0.48 g, 3.0 mmol) and MOF-199 (8 mg) in DMF (15.0 mL) in a 25 mL round-bottom flask was stirred at 120 °C for 8 h. The reaction was monitored by TLC analysis. Upon completion of the reaction, the mixture was cooled to room temperature and then filtered. The filtrate was evaporated under vacuum, CH2Cl2 (20 mL) was added, and the mixture was washed with H2O (2 × 15 mL). The combined organic layers were dried over Na2SO4, filtered, and solvent was removed in vacuo. The residue was purified by thick-layer chromatography on silica gel (eluting with n-hexane–ethyl acetate, 20:1; in the case of 4e and 4f, 4:1 and 2:1, respectively) to give the corresponding products.
Diphenyl Disulfide (4a)
White solid.1H NMR (400 MHz, CDCl3): δ = 7.24–7.36 (m, 6 H), 7.54 (m, 4 H) ppm.13C NMR (100 MHz, CDCl3): δ = 137.0, 129.1, 127.5, 127.2 ppm. GC–MS (EI): m/z = 218.0 [M+]. 
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          General Procedure for the Synthesis of Unsymmetrical Sulfides
The aryl halide (1.0 mmol), potassium O-ethylcarbonodithioate (0.24 g, 1.5 mmol) and MOF-199 (4.0 mg) were added to DMSO (2 mL) and the mixture heated to 80 °C for 12 h. After complete conversion of the alkyl (aryl) halide into O-ethyl-S-phenyl carbonodithioate, the requisite alkyl (aryl) halide (1.0 mmol) and K2CO3(0.058 g, 1.0 mmol) were added and the mixture heated at 80 °C for a further 12 h. The progress of reaction was monitored by TLC. Upon completion of the reaction, the mixture was cooled to room temperature and filtered. The filtrate was evaporated under vacuum, CH2Cl2 (20 mL) was added, and the mixture was washed with H2O (2 × 15 mL). The combined organic layers were dried over Na2SO4, filtered, and evaporated to afford the crude unsymmetrical alkyl (aryl) sulfide, which was purified by thick-layer chromatography (silica gel, n-hexane–ethyl acetate, 20:1; in the case of 6g,k,l, 4:1).
Phenyl(o-tolyl)sulfide (6i)
The product was obtained as a oil.1H NMR (300 MHz, CDCl3): δ = 7.85–7.00 (m, 9 HAr), 2.34 (s, 3 HMe) ppm. 13C NMR (100 MHz, CDCl3): δ = 138.4, 137.8, 136.4, 131.4, 131.3, 130.8, 129.1, 128.4, 127.2, 127.1, 29.1 ppm. GC–MS (EI): m/z = 200.0 [M+].
Benzyl(o-tolyl)sulfide (6c)
The product was obtained as a oil.1H NMR (400 MHz, CDCl3): δ = 7.39–7.28 (m, 9 H), 4.23 (s, 2 H), 2.31 (s, 3 HMe) ppm.13C NMR (100 MHz, CDCl3): δ = 130.0, 129.5, 129.2, 128.8, 128.0, 127.9, 127.6, 127.5, 126.1, 39.6, 21.6 ppm. GC–MS (EI): m/z = 214.0 [M+]. 
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