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Abstract


Thioamides can be generated at 100 °C in high yield through the reaction of 1,2-dibenzyldisulfane with difurfuryldisulfide using iodine as oxidant and DMSO as solvent. The protocol is metal- and additive-free, providing a convenient and economical way for the synthesis of various kinds of thioamides under mild conditions.

        

      


        
[bookmark: N1173C]
Key words

thioamide - 
        metal-free - 
        iodine - 
        disulfide - 
        synthesis
      



      
[bookmark: N11D1B]
Supporting Information



Supporting information for this article is available online at http://dx.doi.org/10.1055/s-0035-1562509.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N11D32]
	
References and Notes


	
[bookmark: OR000-1]1 The two authors contributed equally. 










[bookmark: RL000-2]



For selected reports, see:
        
	
[bookmark: JR000-2001]2a Schmidt B, Lindman S, Tong W, Lindeberg G, Gogoll A, Lai Z, Thörnwall M, Synnergren B, Nilsson A, Welch CJ, Sohtell M, Westerlund C, Nyberg F, Karlén A, Hallberg A. J. Med. Chem. 1997; 40: 903 





Crossref





	
[bookmark: JR000-2002]2b Gannon MK, Holt JJ, Bennett SM, Wetzel BR, Loo TW, Bartlett MC, Clarke DM, Sawada GA, Higgins JW, Tombline G, Raub TJ, Detty MR. J. Med. Chem. 2009; 52: 3328 





Crossref





	
[bookmark: JR000-2003]2c Firouzabadi H, Iranpoor N, Samadi A. Tetrahedron Lett. 2014; 55: 1212 





Crossref








[bookmark: RL000-3]



For selected reports, see:
        
	
[bookmark: JR000-3001]3a Ulman A. Chem. Rev. 1996; 96: 1533 





CrossrefPubMed





	
[bookmark: JR000-3002]3b Shon YS, Mazzitelli C, Murray RW. Langmuir 2001; 17: 7735 





Crossref





	
[bookmark: JR000-3003]3c Umali AP, Simanek EE. Org. Lett. 2003; 5: 1245 





Crossref





	
[bookmark: JR000-3004]3d Wang W, Wang LQ, Palmer BJ, Exarhos GJ, Li AD. Q. J. Am. Chem. Soc. 2006; 128: 11150 





Crossref





	
[bookmark: JR000-3005]3e Gamez JA, Serrano-Andres L, Yanez M. Phys. Chem. Chem. Phys. 2010; 12: 1042 





Crossref








[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a Corma A, Navas J, Ródenas T, Sabater MJ. Chem. Eur. J. 2013; 19: 17464 





Crossref





	
[bookmark: JR000-4002]4b Angehrn P, Goetschi E, Gmuender H, Hebeisen P, Hennig M, Kuhn B, Luebbers T, Reindl P, Ricklin F, Schmitt-Hoffmann A. J. Med. Chem. 2011; 54: 2207 





Crossref





	
[bookmark: JR000-4003]4c Zhang G, Liu C, Yi H, Meng Q, Bian C, Chen H, Jian JX, Wu LZ, Lei A. J. Am. Chem. Soc. 2015; 137: 9273 





CrossrefPubMed





	
[bookmark: JR000-4004]4d Reiner A, Wildemann D, Fischer G, Kiefhaber T. J. Am. Chem. Soc. 2008; 130: 8079 





Crossref








[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a Prokopcova H, Kappe CO. J. Org. Chem. 2007; 72: 4440 





CrossrefPubMed





	
[bookmark: JR000-5002]5b Suzuki Y, Yazaki R, Kumagai N, Shibasaki M. Angew. Chem. Int. Ed. 2009; 48: 5026 





Crossref





	
[bookmark: JR000-5003]5c Iwata M, Yazaki R, Chen IH, Sureshkumar D, Kumagai N, Shibasaki M. J. Am. Chem. Soc. 2011; 133: 5554 





CrossrefPubMed








[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a Jagodziński TS. Chem. Rev. 2003; 103: 197 





Crossref





	
[bookmark: JR000-6002]6b Goossen LJ, Blanchot M, Salih KS. M, Karch R, Rivas-Nass A. Org. Lett. 2008; 10: 4497 





Crossref





	
[bookmark: JR000-6003]6c Boeini HZ, Najafabadi KH. Eur. J. Org. Chem. 2009; 4926 









	
[bookmark: JR000-6004]6d Wang H, Wang L, Shang J, Li X, Wang H, Gui J, Lei AW. Chem. Commun. 2012; 48: 76 





Crossref








[bookmark: RL000-7]
	
[bookmark: JR000-7001]7a Ebert SP, Wetzel B, Myette RL, Conseil G, Cole SP. C, Sawada GA, Loo TW, Bartlett MC, Clarke DM, Detty MR. J. Med. Chem. 2012; 55: 4683 





Crossref





	
[bookmark: JR000-7002]7b Murai T, Mutoh Y. Chem. Lett. 2012; 41: 2 





Crossref








[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a Katritzky AR, Witek RM, Rodriguez-Garcia V, Mohapatra PP, Rogers JW, Cusido J, Abdel-Fattah AA. A, Steel PJ. J. Org. Chem. 2005; 70: 7866 







	
[bookmark: JR000-8002]8b Yu H, Liu X, Ding L, Yang Q, Rong B, Gao A, Zhao B, Yang H. Tetrahedron 2011; 67: 6539 





Crossref





	
[bookmark: JR000-8003]8c Sundberg RJ, Walters CP, Bloom JD. J. Org. Chem. 1981; 46: 3730 





Crossref





	
[bookmark: JR000-8004]8d Cheng Y, Peng Q, Fan W, Li P. J. Org. Chem. 2014; 79: 5812 





Crossref





	
[bookmark: JR000-8005]8e Sindhuja E, Ramesh R, Balaji S, Liu Y. Organometallics 2014; 33: 4269 





Crossref








[bookmark: RL000-9]
	
[bookmark: JR000-9001]9a Borthakur N. Goswami A. 1995; 36: 6745 









	
[bookmark: JR000-9002]9b Moghaddam FM, Hojabri L, Dohendou M. Synth. Commun. 2003; 33: 4279 





Crossref





	
[bookmark: JR000-9003]9c Nguyen TB, Ermolenko L, Al-Mourabit A. Org. Lett. 2012; 14: 4274 





Crossref





	
[bookmark: JR000-9004]9d Cho D, Ahn J, De Castro KA, Ahn H, Rhee H. Tetrahedron 2010; 66: 5583 





Crossref





	
[bookmark: JR000-9005]9e Doszczak L, Rachon J. Chem. Commun. 2000; 2093 









	
[bookmark: JR000-9006]9f Cuntreddi T, Vanjari R, Singh KN. Tetrahedron 2014; 70: 3887 





Crossref





	
[bookmark: JR000-9007]9g Qu Y, Li Z, Xiang H, Zhou X. Adv. Synth. Catal. 2013; 355: 3141 





Crossref








[bookmark: RL000-10]
	
[bookmark: JR000-10001]10a Hurd RN, DeLaMater G. Chem. Rev. 1961; 61: 45 





Crossref





	
[bookmark: JR000-10002]10b Wegler R, Kuhle E, Schafer W. Angew. Chem., Int. Ed. Engl. 1958; 70: 351 









	
[bookmark: JR000-10003]10c Darabi HR, Aghapoor K, Tajbakhsh M. Tetrahedron Lett. 2004; 45: 4167 





Crossref








[bookmark: RL000-11]
	
[bookmark: JR000-11001]11a Moghaddam FM, Ghaffarzadeh M. Synth. Commun. 2001; 31: 317 





Crossref





	
[bookmark: JR000-11002]11b Kaleta Z, Tárkányi G, Gömöry Á, Kálmán F, Nagy T, Soós T. Org. Lett. 2006; 8: 1093 





Crossref





	
[bookmark: JR000-11003]11c Kaleta Z, Makowski BT, Soós T, Dembinski R. Org. Lett. 2006; 8: 1625 





CrossrefPubMed








	
[bookmark: JR000-12]12 Wang X, Ji M, Lim S, Jiang H.-Y. J. Org. Chem. 2014; 79: 7256 





Crossref





	
[bookmark: JR000-13]13 Nguyen TB, Tran MQ, Ermolenko L, Al-Mourabit A. Org. Lett. 2014; 16: 310 





Crossref





	
[bookmark: JR000-14]14 Guntreddi T, Vanjari R, Singh KN. Org. Lett. 2014; 16: 3624 





Crossref






[bookmark: RL000-15]
	
[bookmark: JR000-15001]15a Aihara Y, Chatani N. J. Am. Chem. Soc. 2013; 135: 5308 







	
[bookmark: JR000-15002]15b Wang X, Qiu R, Yan C, Reddy VP, Zhu L, Xu X, Yin S.-F. Org. Lett. 2015; 17: 1970 





Crossref








	
[bookmark: JR000-16]16 Wang M, Xiang J.-X, Cheng Y, Wu Y.-D, Wu A.-X. Org. Lett. 2016; 18: 524 





Crossref





	
[bookmark: OR000-17]17 
          General Procedure for the Preparation of 3Iodine (0.25 mmol, 63.4 mg) and 1,2-dibenzyldisulfane (0.5 mmol, 123.4 mg) was added to a solution of 1-methylpiperazine (1.2 mmol, 119.1 mg) in DMSO (0.5 mL), and the reaction mixture was stirred for 8 h at 100 °C. The solvent was removed under vacuum, and the residue was purified by flash silica gel column chromatography with PE–EtOAc (1:1) as eluent to afford the product 3a.(4-Methylpiperazin-1-yl)(phenyl)methanethione(3a)Yield 200.4 mg, 91%. Purified by column chromatography with PE–EtOAc (1:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.34 (m, 3 H), 7.28 (t, J = 5.9 Hz, 2 H), 4.51–4.37 (m, 2 H), 3.67–3.51 (m, 2 H), 2.69–2.56 (m, 2 H), 2.41–2.35 (m, 2 H), 2.33 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 200.6, 142.9, 128.6, 128.4, 125.8, 55.2, 54.3, 51.8, 49.1, 45.6. MS (EI): m/z = 220.1 [M+]. HRMS (EI): m/z calcd for C12H16N2S [M]+: 220.1034; found: 220.1030.Morpholino(phenyl)methanethione (3c)Yield 175.3 mg, 85%. Purified by column chromatography with PE–EtOAc (4:1) as eluent and obtained as a yellow solid. 1H NMR (400 MHz, CDCl3): δ = 7.35–7.32 (m, 3 H), 7.31–7.21 (m, 2 H), 4.49–4.35 (m, 2 H), 3.96–3.79 (m, 2 H), 3.59 (m, 4 H). 13C NMR (100 MHz, CDCl3): δ = 200.9, 142.5, 128.9, 128.5, 125.9, 66.7, 66.5, 52.5, 49.6. MS (EI): m/z = 207.1 [M+]. HRMS (EI): m/z calcd for C11H13NOS [M]+: 207.0718; found: 207.0714.
            N-Butylbenzothioamide (3i)Yield 141.0 mg, 72%. Purified by column chromatography with PE–EtOAc (10:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.98 (s, 1 H), 7.63 (d, J = 7.4 Hz, 2 H), 7.38 (t, J = 7.3 Hz, 1 H), 7.28 (dd, J = 9.3, 4.7 Hz, 2 H), 3.70 (dd, J = 9.3, 4.4 Hz, 2 H), 1.65 (dd, J = 13.7, 6.8 Hz, 2 H), 1.43–1.32 (m, 2 H), 0.93 (t, J = 7.3 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 198.8, 141.7, 130.9, 128.3, 126.7, 46.6, 30.0, 20.3, 13.8. MS (EI): m/z = 193.1 [M+]. HRMS (EI): m/z calcd for C11H15NS [M]+: 193.0925; found: 193.0920.
            N-(1-Phenylethyl)benzothioamide (3m)Yield 140.0 mg, 58%. Purified by column chromatography with PE–EtOAc (10:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.87 (s, 1 H), 7.66 (d, J = 7.4 Hz, 2 H), 7.43–7.26 (m, 8 H), 5.93–5.77 (m, 1 H), 1.64 (d, J = 6.9 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 198.1, 142.0, 141.5, 131.1, 128.9, 128.5, 127.9, 126.8, 126.6, 55.2, 20.3. MS (EI): m/z = 241.1 [M+]. HRMS (EI): m/z calcd for C15H15NS [M]+: 241.0925; found: 241.0920. 









	
[bookmark: OR000-18]18 
          General Procedure for the Preparation of 6Iodine (0.25 mmol, 63.4 mg) and difurfuryl disulfide (0.5 mmol, 113.9 mg) was added to a solution of 1-methylpiperazine (1.5 mmol, 153.8 mg) in DMSO (0.5 mL), and the reaction mixture was stirred for 10 h at 100 °C. The solvent was removed under vacuum, and the residue was purified by flash silica gel column chromatography with PE–CH2Cl2 (1:1) as eluent to afford product 6a.Furan-2-yl(4-methylpiperazin-1-yl)methanethione (6a)Yield 117.8 mg, 56%. Purified by column chromatography with PE–CH2Cl2 (1:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.37 (s, 1 H), 6.97 (d, J = 3.4 Hz, 1 H), 6.38 (dd, J = 3.2, 1.7 Hz, 1 H), 4.26 (s, 2 H), 3.85 (s, 2 H), 2.49 (s, 4 H), 2.28 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 185.8, 152.4, 142.8, 118.2, 112.0, 45.3, 38.8. MS (EI): m/z = 210.1 [M+]. HRMS (EI): m/z calcd for C10H14N2OS [M]+: 210.0827; found: 210.0822.Furan-2-yl(pyrrolidin-1-yl)methanethione (6c)Yield 67.3 mg, 37%. Purified by column chromatography with PE–CH2Cl2 (10:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.42 (s, 1 H), 7.25–7.18 (m, 1 H), 6.39 (dd, J = 3.1, 1.5 Hz, 1 H), 3.93 (dd, J = 15.4, 7.3 Hz, 4 H), 2.04–1.90 (m, 4 H). 13C NMR (100 MHz, CDCl3): δ = 180.5, 153.0, 143.7, 118.8, 112.1, 54.9, 53.5, 26.9, 23.8. MS (EI): m/z = 181.1 [M+]. HRMS (EI): m/z calcd for C9H11NOS [M]+: 181.0561; found: 181.0556.
            N-Butylfuran-2-carbothioamide (6f)Yield 80.6 mg, 44%. Purified by column chromatography with PE–CH2Cl2 (10:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 7.92 (s, 1 H), 7.44 (s, 1 H), 7.36 (d, J = 3.5 Hz, 1 H), 6.48 (dd, J = 3.0, 1.4 Hz, 1 H), 3.81 (dd, J = 13.1, 7.0 Hz, 2 H), 1.72 (dt, J = 14.9, 7.4 Hz, 2 H), 1.44 (dt, J = 14.7, 7.4 Hz, 2 H), 0.98 (t, J = 7.3 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 182.3, 152.3, 143.6, 117.6, 113.1, 44.8, 30.4, 20.2, 13.8. MS (EI): m/z = 183.1 [M+]. HRMS (EI): m/z calcd for C9H13NOS [M]+: 183.0718; found: 183.0713.
            N-(1-Phenylethyl)furan-2-carbothioamide (6j)Yield 124.1 mg, 54%. Purified by column chromatography with PE–CH2Cl2 (10:1) as eluent and obtained as a yellow oil. 1H NMR (400 MHz, CDCl3): δ = 8.08 (s, 1 H), 7.44–7.33 (m, 6 H), 7.29 (t, J = 7.0 Hz, 1 H), 6.46 (dd, J = 3.3, 1.6 Hz, 1 H), 5.91 (p, J = 7.0 Hz, 1 H), 1.68 (d, J = 6.9 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 181.2, 152.2, 143.7, 141.5, 128.9, 127.9, 126.6, 118.1, 113.24, 53.4, 20.5. MS (EI): m/z = 231.1 [M+]. HRMS (EI): m/z calcd for C13H13NOS [M]+: 231.0718; found: 231.0713. 
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