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Abstract
3-Aryl-2-sulfanylpropenoic acids 1a-d react with trichloroacetonitrile under different reaction conditions to give different products. Thus, reaction of 1a-d with trichloroacetonitrile in absolute ethanol and in the presence of few drops of triethylamine at room temperature afforded 1,3-oxathiolan-5-one derivatives 4a-d. Whereas, compounds 1a-d react with trichloroacetonitrile in primary alcohols under reflux to afford the corresponding 2-alkoxy-2-trichloromethylthiazolidin-4-one derivatives 7a-h. On the other hand, reaction of compounds 1a-d with trichloroacetonitrile or different nitriles 11a-c in refluxing glacial acetic acid gave 5-arylmethylene-2,4-thiazolidinediones 8a-d. The structure of all the newly synthesized products was confirmed based on elemental and spectral data, also plausible mechanism has been postulated to account for their formation. 
Keywords: 3-Aryl-2-sulfanylpropenoic acids, trichloroacetonitrile, 1,3-oxathiolan-5-ones, 5-substituted-2-alkoxy-2-trichloromethyl-4-thiazolidinones.
Introduction
3-Aryl-2-sulfanylpropenoic acidsare used as intermediates for the synthesis of a variety of heterocyclic sulfur compounds.1-5 On the other hand, 3-aryl-2-sulfanylpropenoic acidshave been found to be useful antidotes for heavy metal poisoning. For example, 3-furyl-2- sulfanylpropenoic acid particularly has been shown to protect against cadmium intoxication in rats.6As part of our research interest towards developing new routes for synthesis of new heterocycles,7-10 we have already reported some of our work on the synthesis, transformations and biological properties of some thiazolidinones and oxathiolanes.11-13 The biological significance of this class of compounds impelled us to continue working on synthesis of new oxathiolane and thiazolidinone derivatives. In the present work, we report the reaction of 3-aryl-2-sulfanylpropenoic acids with trichloroacetonitrile under different reaction conditions to give new 1,3-oxathiolane derivatives which transformed into the corresponding thiazolidin-4-one derivatives.
Results and Discussion
The reaction of 3-aryl-2-sulfanylpropenoic acids 1a-d with trichloroacetonitrile in absolute ethanol and in presence of few drops of triethylamine as basic catalyst at room temperature afforded the isolated products 4a-d. The structures of the products were confirmed by elemental analysis and spectral data (IR, 1H NMR, 13CNMR and MS). For example, the IR spectrum of the isolated product 4b showed two absorption bands at ν 3400 and 3322 cm-1 corresponding to the amino group and one absorption band at ν 1748 cm-1 corresponding to lactone carbonyl group. The 1H NMR spectrum of the same product revealed a broad singlet signal (2H, D2O exchangeable) at δ = 3.83 ppm attributable to NH2, and a singlet signal at δ = 7.97 ppm due to vinylic proton beside, the aromatic protons. The 13CNMR spectrum of 4b exhibited the following signals: 105.8 ppm for C-1, 121.6 ppm for C-2, 166.1 ppm for C-3, 139.1 ppm for C-4 and 128.9 ppm for C-5, beside the aromatic carbons. Mass spectrum showed a molecular ion peaks at m/z 385 (M++1) and 386 (M++2) which is consistent with the assigned structure. Based on these spectral data the oxathiolane structures 4a-d were assigned to the above reaction products and ruled out structure 3 (Scheme 1).  The formation of 4 is assumed to proceed first via addition of the thiol moiety in sulfanylpropenoic acid derivative 1a to the cyano carbon in trichloroacetonitrile, affording the non-isolable acyclic imine 2. This in turn cyclizes into final isolable product 4 via addition of the oxygen nucleophile to the activated azomethine group. Compounds 1a-d react with trichloroacetonitrile in absolute ethanol in the presence of few drops of triethylamine at refluxing temperature to afford pale yellow crystalline products. It was expected that this reaction would afford the thiazole derivatives 3. The IR spectrum of 7a taken as a typical example of the reaction products showed an absorption band at ν 1690 cm-1 attributable to a lactam carbonyl group. The 1H NMR spectrum of the same isolated product revealed a triplet signal at δ = 1.22 ppm and a quartet signal at δ = 3.70 attributable to ethoxy protons. Moreover,a singlet signal (1H, D2O exchangeable) appeared at δ = 10.45 ppm is attributable to an NH, a singlet signal at δ = 7.80 ppm due to vinylic proton beside, the aromatic protons. The 13C NMR spectrum of 7a exhibited the following signals: 106.2 ppm for C-1, 120.6 ppm for C-2, 167.1 ppm for C-3, 131.0 ppm for C-4, 125.6 ppm for C-5, beside the aromatic carbons.  The mass spectrum showed two molecular ion peaks at m/z 383 (M++1) and 384 (M++2) which is consistent with the assigned structure. Compounds 7a-d can also be obtained by refluxing 4a-d in absolute ethanol in the presence of triethylamine. Similarly, refluxing of 4a-d in other alcohol like n-propanol in the presence of few drops of triethylamine afforded 2-alkoxy-2-trichloromethyl-4-thiazolidinone derivatives 7e-h. Transformation of 4a-d into 7a-h is assumed to proceed via ring opening of lactone ring by alcohol to afford the non-isolable acyclic intermediates, then cyclization with elimination of water molecule to afford the final isolable products 7.




Scheme 1
It was of interest to extend this study on the reaction of 3-aryl-2-sulfanylpropenoic acid derivatives 1a-d with trichloroacetonitrile in another solvent like acetic acid. Thus, refluxing of 1a-d with trichloroacetonitrile in acetic acid afforded coloured solid products. The structure of the isolated products was confirmed by elemental analysis and spectral data (IR, 1H NMR and MS). The IR spectra of the isolated products showed in each case absorption band at vmax 3125-3146 due to NH group and an absorption band at vmax. 1753,1679 cm-1 due to carbonyl groups. The 1H NMR spectra of these products revealed in each case a broad singlet signal (1H, D2O exchangeable) at δ ~ 12.38-12.48 attributable to NH, beside the vinylic CH proton at δ ~ 7.63-7.75 ppm. The mass spectra with the elemental analysis confirmed the structures 8a-d. These structures were chemically confirmed by an alternative method via condensation of 2,4-thiazolidinedione (9) with aromatic aldehydes 10a-d in glacial acetic acid in the presence of anhydrous sodium acetate to give products typical in all respects (mp, mixed mp and IR) with products 14,158a-d. The formation of structure 8 was assumed to proceed through addition of addition of the thiol moiety in sulfanylpropenoic acid derivative to the cyano carbon in trichloroacetonitrile, then cyclization with elimination of water to give non-isolable product 2. Then acid hydrolysis to afford the final isolable 5-arylidene-2,4-thiazolidinediones 8.



Scheme 2
Experimental Section
Melting points were determined on an Electrothermal 9100 apparatus. The IR spectra were recorded as KBr pellets on a Perkin-Elmer 1430 spectrophotometer. The 1H NMR spectra were taken on a Varian Gemini 300-MHz spectrometer in DMSO-d6 using TMS as internal standard. Mass spectra were taken on a Shimadzu GCMS-GB 1000 PX (70 ev). Elemental analyses were taken on an Elementar CHNS analyzer Vario EL III (Germany), at the Microanalyses Center of Cairo University, Giza, Egypt. 3-aryl-2-sulfanylpropenoic acidswere synthesized according to literature procedure.16
Synthesis of 2-amino-2-trichloromethyl-4-arylmethylene-1,3-oxathiolan-5-one derivatives 4a-d. General procedure
To a mixture of 1a-d (10 mmol) and trichloroacetonitrile (10 mmol) in 20 ml of absolute ethanol, 0.2 ml of triethylamine was added. The reaction mixture was stirred at room temperature for 1 h. The solid formed was filtered, washed with ethanol, and crystallized from the proper solvent to afford the 1,3-oxathiolan-5-ones 4a-d.

2-Amino-4-(2-methoxyphenylmethylene)-2-trichloromethyl-1,3-oxathiolan-5-one (4a): Yellow crystals; yield 63%; mp. 142oC; vmax / cm-1 (KBr) 3392, 3319 (NH2), 1747 (CO); 1H NMR (DMSO)  = 3.87 (s, 3H, OCH3), 3.89 (br, 2H, NH2), 6.94-7.74 (m, 4H, Ar), 7.97 (s, 1H, CH). Anal. Calcd. C12H10Cl3NO3S (354.63): C, 40.64; H, 2.84; Cl, 29.99; N, 3.95; S, 9.04. Found: C, 40.83; H, 2.64; Cl, 30.17; N, 3.72; S, 9.21

2-Amino-2-trichloromethyl-4-(2,5-dimethoxyphenylmethylene)-1,3-oxathiolan-5-one (4b): Yellow crystals; yield 63%; mp. 140oC; vmax / cm-1 (KBr) 3400, 3322 (NH2), 1748 (CO); 1H NMR (DMSO)  = 3.70 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 3.83 (br, 2H, NH2), 6.85-6.98 (m, 2H, Ar), 7.39 (s, 1H, Ar), 7.97 (s, 1H, CH); 13C NMR (DMSO)  = 56.0, 60.1, 103.6, 105.8, 121.6, 128.9, 130.5, 139.1, 153.0, 166.1; m/z = 386 (M++2, 0.3%), 385 (M++1, 0.2%), 384 (M+, 0.6%), 331 (3.8%), 302 (2.3%), 224 (1.4%), 208 (1.7%), 194 (100%), 180 (9.1%), 164 (3.5%), 151 (14.4%), 136 (14.7%), 119 (4.8%), 108 (25.2%), 97 (7.5%), 82 (13.2%), 77 (5.1%). Anal. Calcd. C13H12Cl3NO4S: C, 40.59; H, 3.14; Cl, 27.65; N, 3.64; S, 8.33. Found: C, 40.42; H, 3.32; Cl, 27.84; N, 3.88; S, 8.50

2-Amino-2-trichloromethyl-4-(3,4,5-trimethoxymethylene)-1,3-oxathiolan-5-one (4c): Pale yellow crystals; yield 53%; mp. 166oC; vmax / cm-1 (KBr) 3374, 3309 (NH2), 1758 (CO); 1H NMR (DMSO)  = 3.73 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 4.31 (br, 2H, NH2 ), 6.89 (s, 2H, Ar), 7.66 (s, 1H, CH). Anal. Calcd. C14H14Cl3NO5S (414.68): C, 40.55; H, 3.40; Cl, 25.65; N, 3.38; S, 7.73. Found: C, 40.37; H, 3.57; Cl, 25.47; N, 3.61; S, 7.53.
2-Amino-2-trichloromethyl-4-(3-methoxy-4-hydroxymethylene)-1,3-oxathiolan-5-one (4d): Yellow crystals; yield 64%; mp. 152oC; vmax / cm-1 (KBr) 3401(OH), 3317, 3262 (NH2), 1748 (CO); 1H NMR (DMSO)  = 3.73 (s, 3H, OCH3), 4.42 (br, 2H, NH2), 6.84-7.61 (m, 3H, Ar), 7.70 (s, 1H, CH), 10.18 (s, 1H, OH); m/z = 373 (M++2, 0.1%), 372 (M++1, 0.1%), 371 (M+, 0.3%), 317 (5.1%), 280 (1.2%), 252 (1.5%), 224 (3.8%), 208 (8.4%), 180 (100%), 165 (24.8%), 151 (1.2%), 137 (26.1%), 110 (10.1%), 93 (2.1%), 82 (6.3%), 75 (2.8%). Anal. Calcd. C12H10Cl3NO4S: C, 38.89; H, 2.72; Cl, 28.69; N, 3.78; S, 8.65. Found: C, 39.08; H, 2.90; Cl, 28.52; N, 4.03; S, 8.46.
Synthesis of 5-arylmethylene-2-alkoxy-2-trichloromethyl-1,3-thiazol-4-ones (7a-h): 
To a mixture of 1a-d (10 mmol) and trichloroacetonitrile (10 mmol) in absolute ethanol (20 ml) or n-propanol, 0.2 ml of triethylamine was added. The reaction mixture was refluxed for 5 h whereby a solid precipitated, filtered off, and cystallized from the proper solvent to give 2-alkoxy-2-trichloromethyl-5-arylmethylene-4-thiazolidinones 7a-h, respectively.
Conversion of 4a-d into 7a-h
To 4a-d (10 mmol) of absolute ethanol or methanol or n-propanol (20 ml), 0.2 ml of triethylamine was added. The reaction mixture was refluxed for 2-3 h (TLC), whereby a solid precipitated, filtered off, and crystallized from the proper solvent to give compounds 7a-h, respectively.

2-Ethoxy-5-(2-methoxybenzylidene)-2-(trichloromethyl)-thiazolidin-4-one (7a): 
Pale yellow crystals; yield 64%; mp. 187oC; vmax / cm-1 (KBr) 3145 (NH), 1690 (CO); 1H NMR (DMSO)  = 1.22 (t, 3H, J = 6.9 Hz, CH3), 3.70 (q, 2H, J = 6.9 Hz, CH2), 3.86 (s, 3H, OCH3), 7.06-7.48 (m, 4H, Ar), 7.80 (s, 1H, CH), 10.45 (s, 1H, NH); 13C NMR (DMSO)  = 14.4, 55.4, 61.9, 106.2, 111.3, 120.6, 122.4, 125.6, 130.7, 131.0, 157.4, 167.1; m/z = 384 (M++2, 0.3%), 383 (M++1, 0.1%), 382 (M+, 0.6%), 366 (1.1%), 335 (6.7%), 331 (15.4%), 299 (13.2%), 281 (9.1%), 238 (7.8%), 223 (9.6%), 194 (17.4%), 179 (32.1%), 151 (10.7%), 136 (14.9%), 123 (4.1%), 108 (8.6%), 79 (100%), 63 (67.2%). Anal. Calcd. C14H14Cl3NO3S: C, 43.94; H, 3.69; Cl, 27.79; N, 3.66; S, 8.38. Found: C, 44.12; H, 3.49; Cl, 27.61; N, 3.89; S, 8.20.

2-Ethoxy-5-(2,5-dimethoxybenzylidene)-2-(trichloromethyl)- thiazolidin-4-one (7b):
Pale yellow crystals; yield 56%; mp. 225oC; vmax / cm-1 (KBr) 3138 (NH), 1687 (CO); 1H NMR (DMSO)  = 1.18 (t, 3H, J = 7.2 Hz, CH3), 3.71 (s, 3H, OCH3), 3.74 (s, 3H, OCH3), 3.79 (q, 2H, J = 7.2 Hz, CH2), 6.78-7.03 (m, 2H, Ar), 7.24 (s, 1H, Ar), 7.98 (s, 1H, CH), 10.48 (s, 1H, NH). Anal. Calcd. C15H16Cl3NO4S (412.71): C, 43.65; H, 3.91; Cl, 25.77; N, 3.39; S, 7.77. Found: C, 43.48; H, 4.11; Cl, 25.96; N, 3.15; S, 7.58.

2-Ethoxy-5-(3,4,5-trimethoxy benzylidene)-2-(trichloromethyl)- thiazolidin-4-one (7c):
Pale yellow crystals; yield 66%; mp. 240oC; vmax / cm-1 (KBr) 3140 (NH), 1699 (CO); 1H NMR (DMSO)  = 1.20 (t, 3H, J  = 7.2 Hz, CH3), 3.73 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 3.80 (q, 2H, J = 7.2 Hz, CH2), 3.83 (s, 3H, OCH3), 6.90 (s, 1H, Ar), 7.24 (s, 1H, Ar), 7.65 (s, 1H, CH), 10.43 (s, 1H, NH). Anal. Calcd. C16H18Cl3NO5S (442.73): C, 43.41; H, 4.10; Cl, 24.02; N, 3.16; S, 7.24. Found: C, 43.24; H, 4.30; Cl, 24.21; N, 2.94; S, 7.06.

2-Ethoxy-5-(4-hydroxy-3-methoxybenzylidene)-2-(trichloromethyl) thiazolidin-4-one (7d):	
Pale yellow crystals; yield 62%; mp. 165oC; vmax / cm-1 (KBr) 3405 (OH), 3136 (NH), 1702 (CO); 1H NMR (DMSO)  = 1.29 (t, 3H, J = 6.9 Hz, CH3), 3.71 (q, 2H, J = 6.9 Hz, CH2), 3.73 (s, 3H, OCH3), 6.86-7.71 (m, 2H, Ar), 7.80 (s,1H, Ar), 7.84 (s, 1H, CH), 10.04 (s, 1H, OH), 10.51 (s, 1H, NH). Anal. Calcd. C14H14Cl3NO4S (398.68): C, 42.18; H, 3.54; Cl, 26.68; N, 3.51; S, 8.04. Found: C, 42.35; H, 3.71; Cl, 26.49; N, 3.28; S, 8.21.

5-(2-Methoxybenzylidene)-2-propoxy-2-(trichloromethyl)thiazolidin-4-one (7e):	
Yellow crystals; yield 60%; mp. 120oC; vmax / cm-1 (KBr) 3145 (NH), 1689 (CO); 1H NMR (DMSO)  =1.19 (t, 3H, J = 7.2 Hz, CH3), 1.59-1.65 (m, 2H, CH2), 3.07 (t, 2H, J = 6.6 Hz, OCH2), 3.87 (s, 3H, OCH3), 6.98-7.48 (m, 4H, Ar), 7.79 (s, 1H, CH), 10.47 (s, 1H, NH). Anal. Calcd. C15H16Cl3NO3S (396.71): C, 45.42; H, 4.07; Cl, 26.81; N, 3.53; S, 8.08. Found: C, 45.61; H, 3.90; Cl, 27.00; N, 3.30; S, 8.26.

5-(2,5-dimethoxybenzylidene)-2-propoxy-2-(trichloromethyl)-thiazolidin-4-one (7f):
Pale yellow crystals; yield 58%; mp. 143oC; vmax / cm-1 (KBr) 3150 (NH), 1688 (CO); 1H NMR (DMSO)  =1.18 (t, 3H, J = 6.9 Hz, CH3), 1.58-1.63 (m, 2H, CH2), 3.05 (t, 2H, J = 6.9 Hz, OCH2), 3.83 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 7.00-7.52 (m, 2H, Ar), 7.24 (s, 1H, Ar), 7.80 (s, 1H, CH), 10.46 (s, 1H, NH). Anal. Calcd. C16H18Cl3NO4S (426.73): C, 45.03; H, 4.25; Cl, 24.92; N, 3.28; S, 7.51. Found: C, 45.21; H, 4.43; Cl, 24.75; N, 3.50; S, 7.70.

5-(3,4,5-Trimethoxy benzylidene)-2-propoxy-2-(trichloromethyl)- thiazolidin-4-one (7g):	
Pale yellow crystals; yield 58%; mp. 155oC; vmax / cm-1 (KBr) 3160 (NH), 1684 (CO); 1H NMR (DMSO)  =1.18 (t, 3H, J = 6.9 Hz, CH3), 1.61-1.68 (m, 2H, CH2), 3.10 (t, 2H, J = 6.6 Hz, OCH2), 3.78 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.86 (s, 1H, Ar), 7.31 (s, 1H, Ar), 7.69 (s, 1H, CH), 10.41 (s, 1H, NH); m/z = 458 (M++2, 0.4%), 457 (M++1, 0.7%), 456 (M+, 0.4%), 381 (1.2%), 337 (3.7%), 306 (27.6%), 301 (41.3%), 270 (25.9%), 236 (17.6%), 195 (22.5%), 164 (77.1%), 149 (89.5%), 131 (73.6%), 121 (100%), 107 (17.8%), 89 (31.4%), 77 (73.4%), 63 (21.6%). Anal. Calcd. C17H20Cl3NO5S: C, 44.70; H, 4.41; Cl, 23.28; N, 3.07; S, 7.02. Found: C, 44.87; H, 4.58; Cl, 23.11; N, 3.31; S, 7.21.

5-(4-Hydroxy-3-methoxybenzylidene)-2-propoxy-2-(trichloromethyl) thiazolidin-4-one (7h):
Pale yellow crystals; yield 60%; mp. 148oC; vmax / cm-1 (KBr) 3408 (OH), 3148 (NH), 1680 (CO); 1H NMR (DMSO)  = 1.21 (t, 3H, J = 7.2 Hz, CH3), 1.59-1.61 (m, 2H, CH2), 3.21 (t, 2H, J = 6.6 Hz, OCH2), 3.78 (s, 3H, OCH3), 7.11-8.05 (m, 3H, Ar), 7.69 (s, 1H, CH), 10.06 (s, 1H, OH), 10.42 (s, 1H, NH). Anal. Calcd. C15H16Cl3NO4S (412.71): C, 43.65; H, 3.91; Cl, 25.77; N, 3.39; S, 7.77. Found: C, 43.84; H, 3.73; Cl, 25.94; N, 3.63; S, 7.96.

Reaction of 1a-d with nitriles: Synthesis of 5-arylidene-2,4-thiazolidine derivatives (8a-d).
A mixture of 1a-d (10 mmol) and trichloroacetonitrile or 2-(1-amino-2,2,2-trichloroethylidene)malononitrile (11a) or ethyl 3-amino-4,4,4-trichloro-2-cyanobut-2-enoate (11b) or 3-(1-amino-2,2,2-trichloroethylidene)pentane-2,4-dione (11c)  (10 mmol) in 20 ml of glacial acetic acid was refluxed for 2 h (TLC). The coloured solid precipitated, was filtered off, and crystallized from the proper solvent.

5-(2-Methoxyphenylmethylene)-2,4-thiazolidinedione (8a): 
Yellow crystals; yield 68%; mp. 232oC; vmax / cm-1 (KBr) 3146 (NH), 1753 (CO), 1721 (CO); 1H NMR (DMSO) δ = 3.80 (s, 3H, OCH3), 6.95-7.70 (m, 4H, Ar), 7.75 (s, 1H, CH), 12.38 (br, 1H, NH). Anal. Calcd. for C11H9NO3S (235.26): C, 56.16; H, 3.86; N, 5.95; S, 13.63. Found: C, 56.35; H, 4.04; N, 5.71; S, 13.46.             

5-(2,5-Dimethoxyphenylmethylene)-2,4-thiazolidinedione (8b): 
Yellow crystals; yield 65%; mp. 270oC; vmax / cm-1 (KBr) 3141 (NH), 1739 (CO), 1697 (CO); 1H NMR (DMSO) δ = 3.72 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 6.93-7.23 (m, 3H, Ar), 7.78 (s, 1H, CH), 12.42 (br, 1H, NH). Anal.Calcd. for C12H11NO4S (265.28): C, 54.33; H, 4.18; N, 5.28; S, 12.09. Found: C, 54.52; H, 4.35; N, 5.52; S, 11.91.

5-(3,4,5-Trimethoxyphenylmethylene)-2,4-thiazolidinedione (8c): 
Yellow crystals; yield 60%; mp. 179oC; vmax / cm-1 (KBr) 3133 (NH), 1725 (CO), 1685 (CO); 1H NMR (DMSO) δ = 3.68 (s, 3H, OCH3), 3.79 (s, 6H, 2OCH3), 6.88 (s, 2H, Ar), 7.71 (s, 1H, CH), 12.48 (br, 1H, NH). Anal. Calcd. for C13H13NO5S (295.31): C, 52.87; H, 4.44; N, 4.74; S, 10.86. Found: C, 52.68; H, 4.61; N, 4.50; S, 10.69.

5-(3-Methoxy-4-hydroxyphenylmethylene)-2,4-thiazolidinedione (8d): 
Yellow crystals; yield 64%; mp. 255oC; vmax / cm-1 (KBr) 3989 (OH), 3125 (NH), 1733 (CO), 1679 (CO). 1H NMR (DMSO) δ = 3.82 (s, 3H, OCH3), 7.01-7.16 (m, 3H, Ar), 7.63 (s, 1H, CH), 9.48 (s, 1H, OH), 12.46 (br, 1H, NH). Anal. Calcd. for C11H9NO4S (251.26): C, 52.58; H, 3.61; N, 5.57; S, 12.76. Found: C, 52.41; H, 3.42; N, 5.33; S, 12.97.
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