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 (
1
. 
Spectroscopic information 
)


2-(aminosulfanyl)-6-(3,4-dichlorophenyl)-4-(furan-2-yl)-5-oxo-5,6-dihydropyridine-3-carbonitrile (2)
Recryst. Solvent: hexane; pale yellow crystals, Rf = 0.45 (EtOAc/hexane, 1:2); Yield: 70%; mp: 210–212 0C; Anal. Calc. (%) for C16H9Cl2N3O2S (376): C, 50.81; H, 2.40; N, 11.11; found: C, 50.87; H, 2.38; N, 11.09; IR (KBr), ν (cm-1): 3460, 3322 (NH2), 3070 (C–Harom), 2930 (C–Haliph), 2215 (C≡N), 1610(C=Ocarbonyl), 1590 (C=N), 1525 (C=C), 1165 (C-O-C); 1 H- NMR (400 MHz, DMSO- d6): 5.30 (s, 1H, H-6); 7.10–7.85 (m, 6H, Ar–H); 6.60 (s, 2H, NH2);13C- NMR (100 MHz, DMSO- d6): 60.80; 110.00; 122.10, 125.40, 127.00; 130.00, 131.50, 134.80, 135.40; 136.10; 137.10, 140.00, 141.20, 167.20, 178.70, 182.10; ESI- MS: m/z = 376 (M+, 30%).


8-(3,4-dichlorophenyl)-6-(furan-2-yl)-3-sulfanyl-5-thioxo-2,3,4,5-tetrahydropyrido[3,2-f][1,2,4,3]thiadiazaphosphepin-7(8H)-one 3-sulfide (3)
Recryst. Solvent: ethanol; yellow crystals, Rf = 0.4 (acetone/hexane, 1:3); Yield: 73%; mp: 230–232 0C; Anal. Calc. (%) for C16H10Cl2N3O2PS4 (504): C, 37.95; H, 1.99; N, 8.30; ; found: C, 37.90; H, 1.95; N, 8.27; IR (KBr), ν (cm-1): 3350, 3300 (br, 2 NH), 3020 (C–Harom), 2900 (C–Haliph), 2600 (br, SH), 1580 (C=N), 1570 (C=C), 1130 (C=S), 1050 (O–C), 690 (P=S)); 1 H- NMR (400 MHz, DMSO- d6): 3.60 (br, 1H, SH); 5.30 (s, 1H, CH); 7.10–7.85 (m, 6H, Ar–H); 10.00 (brs, 1H, NH); 11.20 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 60.60, 121.10, 124.40, 126.00; 129.00, 130.20, 133.60, 134.40, 135.10; 136.20, 140.00, 142.20, 165.10, 175.40, 183.20, 185.50; 31P-NMR (240 MHz, DMSO-d6): 33.1 ppm; ESI- MS: m/z = 504 (M+, 20%).

8-(3,4-dichlorophenyl)-3-ethoxy-6-(furan-2-yl)-5-thioxo-2,3,4,5-tetrahydropyrido[3,2-f][1,2,4,3]thiadiazaphosphepin-7(8H)-one-3-sulfide (4)
Recryst. Solvent: ethanol; Orange solid; Rf = 0.50 (EtOAc/hexane, 1:2); Yield: 65%; mp: 205–207 0C; Anal. Calc. (%) for C18H14Cl2N3O3PS3 (516): C, 41.70; H, 2.72; N, 8.11; found: C, 41.75; H, 2.70; N, 8.13; IR (KBr), ν (cm-1): 3420 (br, 2 NH), 3030 (C–Harom), 2920 (C–Haliph), 1590 (C=N), 1540(C=C), 1125 (C=S), 1020, 1010 (O–C), 730 (P=S); 1 H- NMR (400 MHz, DMSO- d6): 1.14 (t, 3H, J = 7.2 Hz, CH3); 3.40 (q, 2H, J = 7.2 Hz, OCH2) 5.20 (s, 1H, CH); 7.18–7.70 (m, 6H, Ar–H); 9.10 (brs, 1H, NH); 11.50 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 16.20, 55.80, 61.40, 120.10, 122.40, 125.20; 128.30, 131.20, 132.30, 134.10, 135.80; 137.10, 140.50, 142.00, 166.10, 170.40, 181.20, 182.30; 31P-NMR (240 MHz, DMSO-d6): 30.1 ppm; ESI- MS: m/z = 516 (M+, 100%).

8-(3,4-dichlorophenyl)-6-(furan-2-yl)-2,3,4,5-tetrahydro-3-(4-methoxyphenyl)-3-sulfanylene-5-thioxopyrido[3,2-f][1,2,4,3]thiadiazaphosphepin-7(8H)-one (5)
Recryst. Solvent: ethanol; orange solid; Rf = 0.30 (EtOAc/hexane, 1:1); mp: 218–220 0C. Anal. Calc. (%) for C23H16Cl2N3O3PS3 (578): C, 47.59; H, 12.22; N, 7.24; found: C, 47.75; H, 12.20; N, 7.28; IR (KBr), ν (cm-1): 3428 (br, 2 NH), 3010 (C–Harom), 2900 (C–Haliph), 1585 (C=N), 1520(C=C), 1120 (C=S), 1020, 1030 (O–C), 705 (P=S); 1 H- NMR (400 MHz, DMSO- d6): 3.80 (s, 3H, OCH3), 5.10 (s, 1H, CH); 6.52 (dd, 2H, J = 8 and 4 Hz, Ar–H) ; 7.16 (dd, 2H, J = 8 and 4 Hz, Ar–H) ; 7.20–7.60 (m, 6H, Ar–H); 9.00 (brs, 1H, NH); 11.10 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 55.30, 60.30, 113.60 (C-3’, 5’aryl ),121.10, 123.30, 126.20; 127.10, 128.10 (C-2’ ,6’ aryl), 130.20, 131.80, 133.30, 134.50 (d, J = 129 Hz, C–1phenyl), 136.80; 137.30, 141.50, 144.00, 155.10 ,165.10, 173.40, 180.10, 182.40; 31P-NMR (240 MHz, DMSO-d6): 50.10 ppm; ESI- MS: m/z = 578 (M+, 20%).

8-(3,4-dichlorophenyl)-6-(furan-2-yl)-2,3,4,5-tetrahydro-5-imino-3-(4-methoxyphenyl)-4-phenyl-3-sulfanylenepyrido[3,2-f][1,2,4,3]thiadiazaphosphepin-7(8H)-one (7)
Recryst. Solvent: methanol; pale brown solid; Rf = 0.4 (acetone/hexane, 3:2); Yield: 50%; mp: 180–182 0C. Anal. Calc. (%) for C29H21Cl2N4O3PS2 (638): C, 54.47; H, 3.31;  N, 8.76;; found: C, 54.44; H, 3.30; N, 8.77; IR (KBr), ν (cm-1): 3410 (br, 2 NH), 3025 (C–Harom), 2950, 2810 (C–Haliph), 1600 (C=N), 1565 (C=C), 1020 (O–C), 650 (P=S);  1 H- NMR (400 MHz, DMSO- d6): 3.70 (s, 3H, OCH3), 5.30 (s, 1H, CH); 6.75 (d, 2H, J = 7.2 Hz, Ar–H) ; 6.90–6.99 (m, 5H, Ph–H) ; 7.10 (d, 2H, J = 8.0 Hz, Ar–H) ; 7.30–7.90 (m, 6H, Ar–H); 9.50 (brs, 1H, NH); 11.20 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 52.20; 62.70; 113.8; 113.8; 122.30; 124.9; 124.9; 125.0; 125.40, 126.00; 130.10, 131.20, 131.6; 131.6; 133.0; 133.0; 134.20 (d, J = 129 Hz, C–1phenylmethoxy); 135.3; 135.80; 136.70; 137.80; 140.00; 140.9; 142.20; 148.3 ;156.10; 166.20; 175.70, 180.10; 31P-NMR (240 MHz, DMSO-d6): 45.10 ppm; ESI- MS: m/z = 638 (M+, 40%).

7-(3,4-dichlorophenyl)-5-(furan-2-yl)-3-hydroxy-4-imino-3,4-dihydro-2H-pyrido[3,2-e][1,2,3]thiazaphosphinin-6(7H)-one-3-oxide (8)
Recryst. Solvent: DMF/EtOH; yellow solid; Rf = 0.4 (EtOAc/hexane, 1:2); Yield: 80%; mp: 110–112 0C. Anal. Calc. (%) for C16H10Cl2N3O4PS (441): C, 43.46; H, 2.28; N, 9.50; found: C, 43.44; H, 2.260; N, 9.57; IR (KBr), ν (cm-1) 3380 (br, OH), 3200–3100 (br, 2 NH), 3010 (C– Harom), 1620 (C=N), 1600, 1550 (C=C), 1220 (P=O); 1 H- NMR (400 MHz, DMSO- d6): 3.50 (s, 1H, P–OH), 5.10 (s, 1H, CH); 7.10–7.90 (m, 6H, Ar–H); 9.35 (brs, 1H, NH); 11.10 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 61.60, 120.10, 125.30, 126.10; 129.20, 131.20, 132.60, 134.50, 135.20; 137.20, 140.00, 143.20, 161.10, 174.40, 182.20, 185.10; 31P-NMR (240 MHz, DMSO-d6): 11.90 ppm; ESI- MS: m/z = 441(M+, 100%).
 
7-(3,4-dichlorophenyl)-5-(furan-2-yl)-4-imino-3-phenyl-3,4-dihydro-2H-pyrido[3,2-e][1,2,3]thiazaphosphinin-6(7H)-one 3-oxide (9)
.Recryst. Solvent: ethanol; yellow solid; Yellow solid; Rf = 0.4 (acetone/hexane, 1:4); Yield: 70%; mp: 210–212 0C. Anal. Calc. (%) for C22H14Cl2N3O3PS (502): C, 52.60; H, 2.81; N, 8.37;  found: C, 52.64; H, 2.84; N, 8.39; IR (KBr), ν (cm-1) 33250–3100 (br, 2 NH), 3020 (C– Harom), 16654 (C=N), 1610, 1520 (C=C), 1250 (P=O); 1 H- NMR (400 MHz, DMSO- d6): 4.90 (s, 1H, CH); 7.20–7.90 (m, 11H, Ar–H); 9.35 (brs, 1H, NH); 11.30 (brs, 1H, NH); 13C- NMR (100 MHz, DMSO- d6): 60.60, 121.10, 124.10, 125.10; 128.30, 128.8 (C–3,5phenyl), 129.3 (C–2,6phenyl),130.20, 131.8 (C–4phenyl), 132.5 (d, J = 128 Hz, C–1phenyl), 133.80, 134.50, 135.10; 136.20, 141.00, 143.80, 162.10, 173.20, 182.40, 183.10; 31P-NMR (240 MHz, DMSO-d6): 30.50 ppm; ESI- MS: m/z = 502(M+, 10%).
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Scheme 1 synthesis of compound 2








Scheme 2 synthesis of compound 3





Scheme 3 synthesis of compound 4


 


Scheme 4 synthesis of compound 5



Scheme 5 synthesis of compound 7




Scheme 6 synthesis of compound 8





Scheme 7 synthesis of compound 9
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Table 1. Biological assessment data of  the newly synthesized pyrido[3,2-f][1,2,4,3]thiadiazaphosphepin-7(8H)-one derivatives against different microorganisms and of the toxicity test (brine shrimp larvae).
	Sample
	Inhibition zone diameter (mm)

	
	Pathogenic bacteria
	Pathogenic fungi

	
	(Gram +ve)
	(Gram -ve)
	
	Brine shrimps (animal)

	
	Bacillus cereus
	Staphylococcus albus
	Pseudomonas aeruginosa
	Escherichia coli
	Trichophyton mentagrophytes
	Trichophyton verrucosum
	

	3
	12
	12
	-
	10
	11
	-
	H

	4
	13
	13
	-
	10
	12
	-
	H

	5
	13
	13
	-
	10
	12
	-
	H

	7
	15
	14
	-
	12
	14
	-
	H

	8
	19
	20
	10
	10
	16
	17
	N

	9
	25
	18
	12
	11
	17
	17
	N


H, high toxicity; N, no toxicity; concentration = 50µg
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