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Abstract: A highly efficient one-pot, solvent-free method for the synthesis of cyclic dithiocarbamates was 

developed through the reaction of corresponding primary amines, carbon disulfide and 2-(1-oxoacenaphthylen-

2(1H)-ylidene)malononitrile employing in the presence of catalytic amount of Triton-B (Benzyl trimethyl 

ammonium hydroxide). The reaction conditions are milder with extremely simple work-up procedures than the 

reported methods, afforded the title compounds in high yields (82-98%) of desired product. 
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1. Introduction 

 

Organic dithiocarbamates have extensively been used as agrochemicals,1 pharmaceuticals,2 intermediates in 

organic synthesis,3 protection of amino groups in peptide chemistry,4 linkers in solid phase organic synthesis,5 

radical precursors in free-redical chemistry,6 and synthesis of ionic liquids.7Furthermore, different transition 

metals complexes of dithiocarbamates have been synthesized for various studies, primarily because of their 

applications as organic superconductors.8 In recent year, dithiocarbamates have been emerged as a novel class 

of potential agrochemicals (e.g. pesticides,9 fungicides,10 insecticides,11 herbicides.12 etc.) such as carbamorph, 

ziram, benzathiazole derivatives etc. (Figure-1). As pharmaceuticals, they have been used as drugs and 

prodrugs for the different type of biological activities such as anti-microbial,13 anticancer,14 antiprotozol,15 

antileprosy,16 antitubercular,17 anti-fungual,18 anti-alzheimer,19 and contraceptive agents20 etc. (Figure-1). 

Furthermore, recently it has been realized through various published reports that by incorporating 

dithiocarbamate linkage into structurally diverse biological lypotent synthetic/ semisynthetic/natural molecules 

may lead to manifold increase in biological activities.21 As a useful synthon, organic dithiocarbamates have 

been extensively used for the synthesis of structurally diverse biological potent scaffolds such as 

isothiocyanates,22 thiourea,23 cynamide,24 dithiobenzophene,25 glycosides,26 amide,27 dicarboxylates,28 

benzimidazole,29 carbamate,30 pyran,31 flavonoids32 etc. In view of their tremendous importance and wide 

applications, their syntheses have gained considerable attention, and therefore have become a focus of synthetic 

organic chemistry. 

Traditional synthesis of organic dithiocarbamates involves use of phosgene33 and its derivatives.34 However, 

these methods are associated with several drawbacks like use of costly and toxic reagents such as thiophosgene 

and its derivatives, longer reaction time and lesser yield. Therefore, their syntheses has been changed from 

harmful reagents to abundantly available, cheap and safe reagent like carbon disulfide.35 However, their 

formation using carbon disulfide employed harsh reaction conditions such a use of strong bases, higher reaction 

temperatures and longer reaction times.36 Therefore, there is still need for the development of safer and efficient 
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synthetic protocols for the syntheses of dithiocarbamates. Our group has been engaged from past several years 

for the development of new methodologies for the preparation of carbamates, dithiocarbamates and related 

compounds using cheap, abundantly available and safe reagents like carbon dioxide and carbon disulfide 

respectively.37 In recent years, we found that Triton-B has emerged as a best catalyst for the synthesis of 

carbamates, dithiocarbamates, carbazates, dithiocarbazates, dithiocarbonates employing a variety of reagents 

and catalytic systems.38 In the present communication, we report here an efficient and novel, one-pot, solvent-

free synthesis of dithiocarbamates starting from their corresponding 2-(1-oxoacenaphthylen-2(1H)-ylidene) 

malononitrile and amines employing Triton B/CS2 system 

Results and discussion 

In connection with our ongoing interest pertaining to the use of Triton-B for the synthesis of carbamates, 

dithiocarbamates, carbazates, dithiocarbazates and dithiocarbonates (xanthates).38 In the present paper, we wish 

to report a simple and effective one-pot procedure for the synthesis of dithiocarbamates, through the 

nucleophilic attack of S- ion of monoalkylammonium alkyl dithiocarbamate ion (MAAADC) 2 (Formulae 1) 

upon the carbocation generated from the electrophilic carbon of the corresponding alcoholic tosylates. Thus, a 

mixture of amine and CS2 were taken without any solvent and Triton-B was added into it with constant stirring 

at room temperature. It has been reported by our group that by reacting two molar ratio of amine with carbon 

dioxide afforded the corresponding monoalkylammonium alkyl carbamate (MAAAC) ion 1, by adopting 

similar approach, monoalkylammonium alkyl dithiocarbamate (MAAADC) ion 2 should be obtained through 

reaction of two molar equivalents of amine with CS2 (Formulae 1). Since CS2 is more reactive than CO2, 

therefore the 

                                                  

C

O

NHR C

S

NHRRNH3SRNH3O

1 2

Formulae  

 -reaction was tried at room temperature. It has been observed that the nucleophilicity of S- of MAAADC ion 2 

could be increased by using basic phase transfer catalyst (PTC) like Triton-B. The nucleophilic attack of S- of 

MAAADC ion 2 to the electrophilic carbon of the corresponding.

Alkyl halide may led to afford the corresponding. 
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Figure 1: Various kinds of structurally diverse biologically potent dithiocarbamates  

dithiocarbamate. The confirmation of product was made based on spectroscopic and analytical data with our 

previously synthesized authentic dithiocarbamate. It is important to note here that amine used for this reaction 

should have at least one available hydrogen atom to help in the formation of MAAADC ion 2. Therefore, this 
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reaction could not be successful for the dithiocarbamates from primary amines which do not have at least one 

hydrogen atom. 

In order to study the effects of various phase transfer catalysts (CTC) on the yield of the reaction, a reaction of 

2-(1-oxoacenaphthylen-2(1H) ylidene) malononitrile with primary amine employing various phase transfer 

catalysts (CTC) such as tetra-n-butyl ammonium iodide (TBAI), tetra-n-butyl ammonium bromide (TBAB), 

tetra-n-butyl ammonium chloride (TBAC), tetra-n-butyl ammonium hydrogen sulfate (TBAHS), tetra-n-butyl 

ammonium hydrogen carbonate (TBAHC), and benzyl trimethyl ammonium hydroxide that Triton-B was 

found to best in achieving the high yields of the  desired dithiocarbamates (Table 1). 

 

Table 1: Effect of various phase transfer catalysts on the yield of dithiocarbamates 

S. No. Name of PTC Time (hr.) Yield 

(%) 

1 TBAI 3 80 

2 TBAB 3 85 

3 TBAC 3.5 86 

4 TBAHS 3.5 79 

5 TBAHC 2 81 

6 Triton-B 1 95 

 

Comparing the catalytic activity of Triton-B with some reported catalysts such as H2O, K3PO4 for the synthesis 

dithiocarbamates under solvent-free conditions, it was found that Triton-B was superior, achieving high yields 

of the desired products in shorter reaction times (Table 2). 

S. No. Name of PTC Time (hr.) Yield 

(%) 

1 H2O 12 80 

2 K3PO4   3 85 

3 Triton-B 1.5 96 

 

The scope of this reaction was further explored with a primary aliphatic and aromatic amines having electron-

releasing and electron-withdrawing function groups. Best yields of the products were obtained when an 

electron-releasing group was present at the aliphatic and aromatic amines.  

After optimizing the reaction conditions, this reaction was employed to a variety of primary amine, 2-(1-

oxoacenaphthylen-2(1H)-ylidene)malononitrile and aliphatic, alicyclic, heterocyclic, aromatic amines 

employing Triton-B/ CS2 system at room temperature (Table 3). 
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                                               Table-3 (Scheme-I) 

S. No. X R Product Isolated 

Yieldb  % 

Time 

(h) 

1 CN Me 6a 85 1.5 

2 CN Et 6b 90 2.0 

3 CN Pr 6c 86 1.0 

4 CN Bu 6d 92 2 

5 CN Bn 6e 93 1.5 

6 CN 4-Cl-C6H4-CH2 6f 88 2.5 

7 CN 2,4-Cl2-C6H3-CH2 6g 89 2 

8 CN Ph 6h 85 1.2 

9 CN 4-MeO-C6H4 6i 93 3 

10 CN 4-Me-C6H4 6j 87 3 

 

In conclusion, the reaction of primary alkyl amines with CS2 in the presence of 2-(1-oxoacenaphthylen-2(1H)-

ylidene)malononitrile led to thioxo-9a,6b-(epithiomethanoimino) acenaphtho[1,2 b]furan-9-carbonitrile in 

excellent yields. 

 

Experimental Section 

 

Chemicals were procured from Merck, Aldrich, alfa-Aesar, and Fluka chemical companies. Reactions were 

carried out under an atmosphere of Argon. Infra-Red (IR) spectra 4000-200 cm-1 were recorded on Bomem 

MB-104-FTIR spectrophotometer using neat technique, whereas NMRs were scanned on AC-400F, NMR (400 

MHz), instrument using CDCl3 and some other deutrated solvents and TMS and internal standard. Elemental 

analysis were conducted by means of a Carlo-Erba EA 1110-CNNO-S analyzer and agreed favourably with 

calculated values. 

 

Conclusion 

 

      In conclusion, we have developed highly efficient solvent-free one-pot approach three-components coupling 

various amines with 2-(1-oxoacenaphthylen-2(1H)-ylidene)malononitrile via CS2 bridge using Triton-B. This 

method generates the corresponding dithiocarbamates in good to excellent yields. Furthermore, this method 

exhibits substrate versatility, mild reaction conditions and experimental convenience. This synthetic protocol 

developed in our laboratory is believed to offer a more general method for formation of carbon-sulfur bonds 

essential to numerous organic synthesis.   

 

Acknowledgment 

 

The authors wish to thanks the Pro-Vice Chancellor, and Dean, Research (Science and Technology) of amity 

university, Lucknow for his constant encouragement and support. 

http://www.ijcrt.org/


www.ijcrt.org                                   © 2018 IJCRT | Volume 6, Issue 1 February 2018 | ISSN: 2320-2882 

IJCRT1802002 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 10 

 

8. References 

    

1. U. Abu-Mohsen, Z.A. Kaplancikli, Y.O. Zkay, L. Yurttas, Drug Res. 2015, 65, 176–183. 

2. A. Alizadeh, F. Bayat, V. Sadeghi, Org. Chem. 2015, 12, 153–158. 

3. A. Alizadeh, N. Zohreh, Synlett, 2009, 2146–2148. 

4. Asahi, K., Nishino, H., Tetrahedron Lett. 2008, 64, 1620–1634. 

5. A. O. Attanasi, D. L. Crescentini, G. Favi, P. Filippone, G. Giorgi, F. Mantellini, G. Moscatelli, M.S. 

Behalo, Org. Lett. 2009, 11, 2265–2268. 

6. N. Azizi, F. Aryanasab, M.R. Saidi, Org. Lett. 2006, 8, 5275–5277. 

7. N. Azizi, F. Ebrahimi, E. Akbari, F. Aryanasab, M. R. Saidi, Synlett, 2007. 2797–2800. 

8. G.R. Bardajee, S. Sadraei, S.M. Taimoory, E. Abtin,  Biochem. Pharm. Res. 2011, 1, 178–184.  

9. M. Bendikov, F. Wudl, D. F. Perepichka, Chem. Rev. 2004, 104, 4891–4946. 

10. M. N. Burnett, C.K. Johnson, Chem. Lett. 2014, 25, 197–200. 

11. W. Clegg, R.W. Harrington, M. North, P. Villuendas, J. Org. Chem. 2010, 75, 6201–6207. 

12. P.R. Dave, R. Duddu, K. Yang, R. Damavarapu, N. Gelber, R. Surapaneni, R. Gilardi, Tetrahedron Lett. 

2004, 45, 2159–2162. 

13. M.H. Diyanatizadeh, I. Yavari, J. Sulfur Chem. 2014, 37, 54–60. 

14. L.J. Farrugia, G.X. Win, J. Appl. Cryst. 1999, 32, 837–838. 

15. L. Fitjer, A. Kanschik, M. Majewski, Tetrahedron Lett. 1999, 50, 10867–10878. 

16. E. Ghabraie, H. Moghimi, S. Balalaie, M. Bararjanian, F. Rominger, H.R. Bijanzadeh, J. Iran.Chem. 

Soc. 2004, 4, 725–732. 

17. D. Ginsburg, J. Jamrozik, M. Jamrozik, P. Sciborowicz, W. Zeslawski, Monatsh. Chem. 1995, 126, 

587–591. 

18. S. Kanchi, P. Singh, K. Bisetty, Arab. J. Chem. 2014, 7, 11–25. 

19. L.S. Konstantinova, O.A. Rakitin, Chem. Rev. 2004, 104, 2617–2630. 

20. D. Ma, X. Lu, L. Shi, H. Zhang, Y. Jiang, X. Liu, Angew. Chem. Int. Ed. 2011, 50, 1118–1121. 

21. C.F. Macrae, P.R. Edgington, P. McCabe, E. Pidcock, G.P. Shields, R. Taylor, M. M. Towler, J. Van de 

Streek, J. Appl. Cryst. 2006, 39, 453–457. 

22. M.R. Maddani, K.R. Prabhu, J. Org. Chem. 2010, 75, 2327–2332. 

23. I. Mhaidat, S. Hamilakis, C. Kollia, A. Tsolomitis, Z. Loizos, Mat. Lett. 2007, 61, 321–325. 

24. M. Miao, J. Cao, J. Zhang, X. Huang, L. Wu, J. Org. Chem. 2013, 78, 2687–2692. 

25. R. Navarro, S.E. Reisman, Org. Lett. 2012, 14, 4354–4357. 

26. F. Nerdel, K. Janowsky D. Frack, Tetrahedron Lett. 1965, 6, 2979–2981. 

27. K.C. Nicolaou, S.A. Snyder, T. Montagnon, G. Vassilikogiannakis, Angew. Chem.Int. Ed. 2002, 41, 

1668–1698. 

28. M.B. Nielser, C. Lomholt, J. Becher, Chem. Soc. Rev. 2002, 29, 153–164. 

29. A.J. Pihko, A.M.P Koskinen, Tetrahedron Lett. 2005, 61, 8769. 

30. J. Qian-Cutrone, Q. Gao, S. Huang, S.E. Klohr, J.A. Veitch, Y.Z. Shu, J. Nat. Prod. 1997, 57, 1656–

1660. 

31. R. Ranjbar-Karimi, A. Khajeh-Khezri, M. Anary-Abbasinejad, Chem. Soc. 2013, 11, 289–295. 

32. A. Rezvanian, A. Alizadeh, L.G. Zhu, Synlett 2012, 23, 2526–2530. 

33. A.M. Saidi, N. Azizi, F. Aryanasab, L. Torkiyan, A. Ziyaei, J. Org. Chem. 2006, 71, 3634–3635. 

34. L. Shi, X. Liu, H. Zhang, Y. Jiang, D. Ma, J. Org. Chem. 2011, 76, 4200–4204. 

35. Stoe & Cie, G.M. Sheldrick,  Acta Crystallogr. Sect. 2008, 64, 112–122. 

36. B.M. Trost, Y. Shi, J. Am. Chem. Soc. 1991, 113, 700–701. 

37. F. Wang, S. Cai, Z. Wang, C. Xi, Org. Lett. 2011, 13, 3202–3205.  

38. K.B. Wiberg, Chem. Rev. 1989, 89, 975–983.  

39. I. Yavari, S. Beheshti, Helv. Chim. Acta 2011, 49, 831–834. 

40. I. Yavari, M. Sirouspour, S. Souri, Monatsh. Chem. 2010, 141, 49–52. 

http://www.ijcrt.org/


www.ijcrt.org                                   © 2018 IJCRT | Volume 6, Issue 1 February 2018 | ISSN: 2320-2882 

IJCRT1802002 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 11 

 

41. I. Yavari, Z. Hossaini, M. Sabbaghan, M. Ghazanfarpour-Darjani, Monatsh. Chem. 2007, 138, 677–681. 

42. I. Yavari, A. Mirzaei, L. Moradi, G. Khalili, Tetrahedron Lett. 2010, 51, 396–398. 

43. L.J. Zhang, C.G. Yan, Tetrahedron let. 2013, 69, 4915–4921. 

44. A. Ziyaei-Halimehjani, M. Hajiloo-Shayegan, M. Mahmoodi-Hashemi, B. Notash, Org. Lett. 2012, 14, 

3838–3841. 

45. A. Ziyaei-Halimehjani, S. Hosseinkhany, Synthesis 2015, 47, 3147–3152. 

46. A. Ziyaei-Halimehjani, K. Marjani, A. Ashouri, Green Chem. 2010, 12, 1306–1310. 

47. A. Ziyaei-Halimehjani, R. Mohtasham, A. Shockravia, J. Martens, RSC Adv. 2016, 6, 75223–75226. 

48. A. Ziyaei-Halimehjani, H.P. Zanussi, M.H. Ranjbari, Synthesis 2013, 45, 1483–1488.  

49. A. Ziyaei-Halimjani, M.R. Saidi, J. Chem. 2006, 84, 1515–1519. 

50. Ue. Ryung Seo, Young keun chung, ChemCatChem 2016, 8(4), 830-838. 

51. Alireza Samzadeh-Kermani, J. Sulfur Chemistry, 2016, Volume 37, 105-113. 

52. Mohammad Hadi,  Diyanatizadeh, Issa Yavari, J. Sulfur Chemistry, Volume 37, 2016, 1, 54-60. 

53. Hossein Mehrabi, Zeinab Esfandiarpour, Sulfur Chemistry, Volume 36, 2015, issue-6. 

54. William Clegg, Ross W. Harrington, Michael North, Pedro Villuendas, J. Org. 2010, 75 (18), 6201-

6207. 

55.  Timo Stelling, Jan Pauly, Denis Kroger, Jurgen martens, Tetrahedron Lett. 2015, 71(43), 8290-8301. 

56. (a) D. Chaturvedi, A. Kumar, S. Ray, Synth. Commun. 2002, 32,  2651-2656; (b) D. Chaturvedi, A. 

Kumar, S. Ray, Tetrahedron Lett. 2003, 44, 7637-7639; (c) D. Chaturvedi,  S. Ray, Lett.  Org.  Chem. 

2005, 2, 742-744; (d) D. Chaturvedi,  S. Ray, J.  Sulfur Chem. 2005, 26, 365-371; (e) D. Chaturvedi, S.  

Ray, J.  Sulfur Chem. 2006, 27, 265-270; (f) D. Chaturvedi,  S. Ray, Tetrahedron Lett. 2006, 47, 1307-

1309; (g) D. Chaturvedi, N. Mishra,  V. Mishra, Chin.  Chem.  Lett. 2006, 17, 1309-1312;  (h) D. 

Chaturvedi, S. Ray, Tetrahedron Lett. 2007, 48, 149-151; (i) D. Chaturvedi,  N. Mishra,  V. Mishra, 

Tetrahedron Lett. 2007, 48, 5043-5045; (j) D. Chaturvedi, N. Mishra,  V. Mishra, Synthesis 2008, 355-

357; (k) D. Chaturvedi, A. K. Chaturvedi, N. Mishra,  V. Mishra, Tetrahedron Lett. 2008, 49, 4886-

4888; (l) D. Chaturvedi, A. K. Chaturvedi,  N. Mishra,  V. Mishra,  J.  Iran.  Chem. Soc. 2009, 6, 510-

513; (m) D. Chaturvedi,  N. Mishra,  A. K. Chaturvedi,  V. Mishra, Phosphorus Sulfur  Silicon 2009, 

184, 550-558; (n) A. K. Chaturvedi,  D. Chaturvedi, N. Mishra,  V. Mishra, J.  Iran.  Chem.  Soc. 2010, 

7, 702-706; (o) A. K. Chaturvedi,  D. Chaturvedi, N. Mishra,  V. Mishra,  J.  Iran.  Chem.  Soc. 2011, 8, 

396-400;  (p) D. Chaturvedi, S. Zaidi, A. K. Chaturvedi, S. Vaid, A. K. Saxena, Ind. J. Chem. 2016, 55, 

1019-1025. 

57. (a) D. Chaturvedi,  S. Ray, Monatsh.  Chem. 2006, 137, 201-206; (b) D. Chaturvedi,  S. Ray, Monatsh.  

Chem. 2006, 137, 311-317; (c) D. Chaturvedi,  S. Ray, Monatsh.  Chem. 2006, 137, 459-463; (d) D. 

Chaturved, S. Ray, Monatsh.  Chem. 2006, 137, 465-469; (e)  D. Chaturvedi, A. K. Chaturvedi,  N. 

Mishra,  V. Mishra, Synth.  Commun. 2008, 38, 4013-4022; (f) D. Chaturvedi,  N. Mishra,  A. K. 

Chaturvedi, V. Mishra,  Synth.  Commun. 2009, 39, 1273-1281. 

Devdatt  Chaturvedi, Sadaf Zaidi, Amit k. Chaturvedi, Shagun Vaid and Ajit k. Saxena  Indian Journal 

of chemistry (2016) Vol. 55B, pp. 1019-1025. 

 

Typical procedure for the preparation of cyclic dithiocarbamates 

 

Synthesis of 2-(1-oxoacenaphthylen-2(1H)-ylidene)malononitrile (3): 

 

A solution of acenaphthylene-1,2-dione (1.0 mmol) in Ethanol and malononitrile (1.1 mmol). Reaction mass 

was reflux at 80oC for 2.0 hr. The reaction mass was monitored by TLC and concentrate under reduce pressure 

get crude. Crude was used for next step. 

 

6. Synthesis of thioxo-9a,6b-(epithiomethanoimino)acenaphtho[1,2 b]furan9carbonitrile (6a): 
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To a stirred solution of amine (2 mmol) in CS2 (10 mmol), was stirred at room temperature for 15 min. Then 

Triton-B (1.0 mmol) was added and again stirred for 15 more minutes. Then 2-(1-oxoacenaphthylen-2(1H)-

ylidene) malononitrile (1 mmol) was added at RT. The reaction mixture was than stirred for 2h. The progress of 

reaction was monitored by TLC. After completion the reaction mass was quenched with water (50 mL) and 

extracted with ethyl acetate (3x20 mL). The combined organic layer was separated washed with saturated brine 

solution (2x20 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated under reduced 

pressure to give crude product. This crude product was further purified by silica gel (100-200 mesh) column 

chromatography by using eluent 20% (EtOAc : Hexane) to afford pure product. 

 

 

5.2. 8-Amino-12-methyl-11-thioxo-9a,6b-(epithiomethanoimino)acenaphtho[1,2 b]furan9carbonitrile 6a 

 

Violet solid (0.25 g, 71%). mp: 254–258oC. 1H NMR (500 MHz, DMSO-d6): 3.54(s, 3H), 7.57 (d, J =7.0 Hz, 

1H), 7.69(t, J =7.5 Hz, 1H), 7.76 (t, J = 8.0 Hz, 1H), 7.93(d, J = 8.0 Hz, 1H), 7.99 (s, 2H), 8.02 (d, J = 7.0 Hz, 

1H), 8.09 (d, J = 8.0 Hz, 1H). 13C NMR (125 MHz, DMSO-d6):  34.3 (Me), 58.9 (C-S), 73.4 (CCN), 117.7 

(CN), 119.2 (OCN), 119.8 (CH), 122.3 (CH), 126.0 (CH), 129.0 (CH), 129.9 (CH), 130.5 (CH), 132.5 (C), 

134.6 (C), 135.5 (C), 143.0 (C), 166.5 (CNH2), 196.6 (C=S). IR (KBr) (Vmax, cm_1): 3325 and 3272 (NH2), 

2194 (CN), 1656 (OC=C), 1593, 1429 (C=CAr), 1345 (C=S). EI-MS: m/z (%) = 337 (M+, 30), 322(100), 280 

(20), 256(56), 229(40), 178(10), 154(15), 127(9). Anal.Calc. for C17H11N3OS2 (337.42): C, 60.52; H, 3.29; N, 

12.45. Found: C, 60.82; H, 3.32; N, 12.53%. 

 

5.3. 8-Amino-12-ethyl-11-thioxo-9a,6b-(epithiomethanoimino)acenaphtho[1,2-b]furan-9-carbonitrile 6b 

 

Cream color solid (0.27 g, 74%). mp: 257–260oC. 1H NMR (500 MHz, DMSO-d6): 1.28 (t, J = 7.0 Hz, 3H), 

4.12–4.26 (m, 2 H) 7.55 (d, J =7.0 Hz, 1H), 7.68 (t, J =7.5 Hz, 1H), 7.76 (t, J= 7.7 Hz, 1H), 7.93 (d, J= 8.3 Hz, 

1H), 7.99 (s, 2H), 8.09 (t, J= 7.5 Hz, 2H). 13C NMR (125 MHz, DMSO-d6): 13.5 (Me), 42.3 (CH2), 58.4 (C-

S), 73.2 (CCN), 117.1 (CN), 119.2 (OCN), 119.8 (CH), 121.7 (CH), 125.8 (CH), 128.3 (CH), 129.4 (CH), 

130.5 (CH), 131.8 (C), 134.1 (C), 135.5 (C), 142.5 (C), 165.8 (CNH2), 196.2 (C=S). IR (KBr) (Vmax, cm_1): 

3275 and 3196 (NH2), 2197 (CN), 1657 (OC=C), 1596, 1434 (C=CAr), 1384 (C=S). EI-MS: m/z (%) = 351 

(M+, 28), 323(100), 291(23), 267(60), 240(23), 189(15), 165(13). Anal.Calc. for C18H13N3OS2 (351.44): C, 

61.52; H, 3.73; N, 11.96. Found: C, 61.80; H, 3.81; N, 12.00%.
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