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Abstract: An easy method was developed for the preparation of a group of triazolothiadiazines and triazolothiadiazinones incorporating 1, 2, 4-triazole rings derived from 4-amino-5-mercapto-3-aryl-1, 2, 4-triazole. All synthesized compounds assayed for their anti-inflammatory activities were reported. All synthesized compounds were characterized by IR, PMR, MS spectral data and elemental analyses. 
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Introduction

The importance of triazole- derivatives lie in the field that these have occupied an unique position in heterocyclic chemistry due to their agricultural, industrial and biological activities.1 The 1, 2, 4-triazole system has wide spread uses, and it has been considered as an interesting component in terms of antimicrobial activity.2 Compounds containing 1, 2, 4-triazole moieties attached to a heterocyclic system are of wide interest because of their diverse biological activities.3 In views  of these observations and in continuation of our earlier work4-16  on the syntheses of some 1, 2, 4- & 1, 2, 3- triazole derivatives, we now report the syntheses of some new 1, 2, 4-triazolothiadiazines and 1, 2, 4-triazolothiadiazinones derived from 4-amino-5-mercapto-3-aryl-1,2,4-triazole and their anti-inflammatory activities.
Experimental

1. General

Melting and boiling points were determined on a Gallen Kamp apparatus in open capillaries and are uncorrected.  IR spectra (KBr in cm-1) were recorded on a Jasco FT-IR 5300 spectrophotometer and Proton magnetic resonance (PMR) spectra (DMSO-d6) on a Varion EM 390 spectrophotometer using TMS as an internal standard (chemical shift in δ ppm). Mass spectra were recorded on Jeol JMS-D 300 mass spectrophotometer operating at 70 eV. The Purity of the compounds was checked by TLC using silica gel G and purified by column chromatography. All compounds showed satisfactory elemental analyses.

2. 4-amino-5-mercapto-3-phenyl-1, 2, 4-triazole (1a) 
A mixture of potassium dithiocarbazinate (0.01 mol), hydrazine hydrate (80%, 15 mL, 0.01 mol) and water (15 mL) was heated under reflux for 6 hours, H2S evolved after which a clear solution resulted. Dilution of the reaction mixture with cold water (15 mL) and subsequent acidification with dilute HCl gave a white precipitate.  The precipitate was filtered, washed with water and crystallized from aqueous ethanol (80%) to give 1 (yield 80%) mp: 208 0C; Anal.Calc. for C8H8N4S: C, 43.52; H, 3.65; N, 26.27%; Found: C, 43.47; H, 3.50; N, 26.19%. 
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IR (KBr) : 3275  (NH2), 3080 (aromatic C–H stretching), 2625 (SH), absence of band for C=O of CONH at 1680, 1620 (C=N), 1600 (C=C), 1515  (C–N)  and 700 cm-1 (C–S) ; PMR: δ 5.9(2H,s,NH2), 8.0-8.7 (8H, dd, pyridyl) and 14.1 ppm (1H,s,H of SH); MS : m/z 193 (M+) other peaks were observed at 178, 161, 122, 105, 78, 60 and 44 .

3. 4-(N-Pyridylcarboxamido)-5-mereapto-3-phenyl-1, 2, 4-triazole (2a) 
Potassium dithiocarbazinate and INH (isonicotinic acid hydrazide or isoniazide) were heated in an equimolar proportion in an oil bath at 175 0C for 6 hours; profuse evolution of hydrogen sulphide was observed.  The reaction mixture was cooled, diluted with water and the product was recrystallized from aqueous ethanol (80%) to yield 2 (yield 90%) mp: 295 0C; Anal.Calc. for C14H11N5OS: C, 52.35; H, 3.35; N, 28.20%; Found: C, 52.31; H, 3.33; N, 27.97%. IR(KBr): 3071 (aromatic C–H  stretching) , 2602(S–H) , 1681 (CO of CONH), 1621 (C=N), 1599 (C=C ), 1572, 1492 (C–N) and  698 cm-1 (S–H); PMR : δ 7.78-8.86 (8H, dd, pyridyl), 12.3 (1H,s,3H) and 14.5 ppm (1H, s, CONH); MS: m/z 297 (M+) other peaks observed at 281, 264,  221, 194, 171, 161, 149, 121, 105 and 78. 

4. 6,7-Diphenyl-3,5-disubstituted-s- triazolo [3,4-b] [1,3,4]- thiadiazines (3a-d)

General Procedure : 
A mixture of compound 2 (0.01 mol) and benzoin (0.01 mol) in absolute ethanol (30 ml) was heated to get a clear solution. To this hot solution, 2N KOH Solution (5 mL) was added and the reaction mixture was refluxed for 5 hours, cooled and poured on crushed ice, a light yellow precipitate that separated out was dried and crystallized from aqueous ethanol (80%). 

3a (yield 85 %) mp: 283 0C; Anal.Calc. for C29H21N5OS, C, 71.02; H, 2.55; N, 16.20 %; Found : C, 70.93; H, 2.21; N, 15.10% ; IR (KBr): 3053 (aromatic C-H),the signal for SH at2626 disappeared, 2362 (OCH2), 1660 (C=O), 1629(C=N), 1619 (C=C), 1517 (C–N), 1259 (C-O-C),798 (monosubstituted benzene)  and 669 cm-1 (C-S); PMR: δ 5.4-5.8 (14H, m, ArH), 5.9(2H,s, OCH2 ) and 8.7-9.2 ppm (4H, m, pyridyl);MS: m/z 301 (M+) other peaks observed at 234,231,179, 166,135, 95, 77, 53 and 39.

3b (yield 82 %) mp: 277 0C; Anal.Calc. for C28H18N6 O3S, C, 70.06; H, 2.45; N,16.8 %; Found : C, 68.82; H,2.92; N, 14.91% ; IR (KBr): 3059 (aromatic C-H), the signal for SH at2626 disappeared, 2362 (OCH2), 1760 (C=O), 1632 (C=N), 1620 (C=C), 1508 (C–N), 1329 (C-O-C),770 (monosubstituted benzene)  and 659cm-1 (C-S); PMR: δ 5.7 (14H, m, ArH) and 8.8 ppm (4H, m, pyridyl);MS: m/z 292 (M+) other peaks observed at 266,263,183, 179,133, 82, 78 and 43.

3c (yield 85 %) mp: 284 0C; Anal.Calc. for C28H18N5OSCl, C, 70.05; H, 2.25; N, 15 %; Found : C, 70.11; H, 2.28; N, 14.98% ; IR (KBr): 3049(aromatic C-H), 1661 (C=O), 1631 (C=N), 1611(C=C), 1516 (C–N), 1070, 771 (monosubstituted benzene) and 714 cm-1 (C-S); PMR: δ 8.2 (14H, m, ArH) and 8.5 ppm (4H, m, pyridyl); MS: m/z 293(M+) other peaks observed at 169, 139, 118,  113, 79, 59  and 49.

3d (yield 81 %) mp: 280 0C; Anal.Calc. for C29H21N5O2S, C, 69.22; H, 2.81; N, 15.23 %; Found : C, 72.16; H,2.53; N, 14.39% ; IR (KBr): 3027 (aromatic C-H), the signal for SH at2626 disappeared, 2269 (OCH2), 1763 (C=O), 1655 (C=N), 1625 (C=C), 1510 (C–N), 1332 (C-O-C),820 (monosubstituted benzene)  and 692cm-1 (C-S); PMR: δ 4.8-5.3 (14H, m, ArH) and 8.5 ppm (4H, m, pyridyl);MS: m/z 289 (M+) other peaks observed at 259,255,185, 175,173, 149, 83 and 51.

5. 3,4-Disubstituted-(7H)-s- triazolo [3,4-b] [1,3,4]- thiadiazinones (4a-d)

General Procedure : A mixture of compound 2 (0.01 mol), chloroacetic acid (0.01 mol) and fused sodium acetate (0.01 mol) in absolute ethanol (50 ml) was refluxed for 10 hours, cooled and poured on crushed ice. The resulting solids were separated and filtered, washed with water, dried and crystallized from aqueous ethanol (80%). 

4a (yield 80 %) mp: 235 0C; Anal.Calc. for C17H13N5O2S, C, 60.02; H, 2.35; N, 20.20 %; Found : C, 60.03; H, 2.21; N, 20.10% ; IR (KBr):3053 (aromatic C-H), the signal for SH at2625 disappeared, 2360 (OCH2), 1690(C=O of thiadiazinone ring), 1665 (C=O of C6H5NCO), 1661(C=N), 1621(C=C), 1519 (C–N), 1261 (C-O-C), 812(monosubstituted benzene) and 669 cm-1 (C–S) ; PMR:  δ 2.40-3.10 (2H,s,CH2), 5.4-5.70 (5H, m, ArH), 6.91 (2H, s, OCH2 ) and 8.91-9.22 ppm (4H,m, pyridyl);  MS: m/z 302 (M+) other peaks observed at 235,231,199, 177,166,  95, 75, 55 and 48.

4b (yield 80%) mp: 237 0C; Anal.Calc. for C16H10N6 O4S, C, 60.06; H, 2.56; N,20.8 %; Found : C, 59.82; H,2.92; N, 20.91% ; IR (KBr):3060 (aromatic C-H), the signal for SH at2625 disappeared, 2362 (OCH2),1691 (C=O of thiadiazinone ring), 1662 (C=O of C6H5NCO), 1659(C=N), 1623(C=C), 1507 (C–N), 1338 (C-O-C), 770(monosubstituted benzene) and 1031, 655 cm-1 (C–S) ; PMR: δ 3.20 (2H,s,CH2), 5.90 (5H, m, ArH) and 8.87 ppm (4H,m, pyridyl); MS: m/z 291 (M+) other peaks observed at 265, 263, 175,169, 135, 129, 82 and 44.
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4c (yield 82 %) mp: 230 0C; Anal.Calc. for C16H10N5O2SCl, C, 60.03; H, 2.23; N, 22 %; Found : C, 60.03; H, 2.23; N, 22% ; IR (KBr):3047 (aromatic C-H), 1690(C=O of thiadiazinone ring), 1660(C=O of C6H5NCO), 1620(C=N), 1612(C=C), 1515 (C–N), 771(monosubstituted benzene),711 cm-1 (C–S) ; PMR:  δ 2.50-3.10 (2H,s,CH2), 8.50 (5H, m, ArH) and 8.90 ppm (4H,m, pyridyl); MS: m/z 289 (M+) other peaks observed at 168, 137, 108,  103, 69, 49 and 39.

4d (yield 81 %) mp: 238 0C; Anal.Calc. for C17H13N5O3S, C, 59.22; H, 2.82; N, 19.95 %; Found : C, 61.16; H,2.22; N, 20.37% ; IR (KBr): 3022 (aromatic C-H), the signal for SH at2625 disappeared, 2369 (OCH2), 1694 (C=O of thiadiazinone ring), 1667 (C=O of C6H5NCO), 1643(C=N), 1625(C=C), 1511 (C–N), 1330 (C-O-C), 810(monosubstituted benzene) and 1029, 692cm-1 (C–S) ; PMR: δ 2.67 (2H,s,CH2), 4.91-5.22 (5H, m, ArH) and 8.52 ppm (4H,m, pyridyl); MS: m/z 288 (M+) other peaks observed at 268, 264,185, 177,  172, 149, 88 and 55.

6. Anti-inflammatory activity 

Anti-inflammatory activities of eight compounds were measured using formal in induced rat find paw edema technique.17 Male albino rats were injected with 0.1 mL of a 1% carageenan solution in saline in to sub planter region of the left find paw. The paw was marked with ink at the level of the lateral molecules and immersed in mercury up to this mark the paw volume was measured before and 1, 2, 3, 4 and 5 hour after the injection of carageenan by mercury displacement method plethysmographically(Table 1).  

The edema volume was determined and expressed as percentage swellings, compared with initial find paw volume of each rat. Ibuprofen was used as reference standard. The screening results revealed that showed significant anti-inflammatory activity which was comparable with Ibuprofen.18
Results and discussion

In the present work, 4-amino-5-mercapto-3-aryl -1,2,4-triazole 1 which is required as starting material were obtained in an one-pot reaction by heating potassium dithiocarbazinate, hydrazine hydrate and water, under reflux conditions for 6 hours.  H2S forms and a clear solution is obtained.  The 1-NH group is converted to the corresponding potassium dithiocarbazinate, which on cyclization with hydrazine hydrate affords 4-Amino-5-mercapto-3-aryl -1, 2, 4-triazole 1. 6, 7-Diphenyl-3, 5-disustituted-s-triazolo[3,4-b] [1,3,4] - thiadiazines (3a-d), which are novel compounds, were prepared by the reaction of compound 2 with hydroxyl ketone in the presence of KOH.  3,4-Disubstituted-(7H)-s- triazolo [3,4-b] [1,3,4]- 
thiadiazinones (4a-d), which are novel compounds, were prepared by the reaction of compound 2 with monochloroacetic acid in the presence of ethanol. 
Similarly 4- N-Pyridyl carboxamido -5- mercapto-3- aryl-1, 2, 4- triazole 2 was obtained by condensation of equimolar quantities of potassium dithiocarbazinate and INH (isonicotinic acid hydrazide or isoniazide) in an oil bath at 175 0C for 6 hours; profuse evolution of H2S is observed.  The reaction mixture is cooled, diluted with water and the product (2) recrystallized from aqueous ethanol (80%) (Scheme1). 
The structures of the synthesized compounds are confirmed by IR, PMR and MS spectral data and are further supported by correct elemental analyses (experimental part). IR spectra of 1a reveal the presence of NH2 characteristic absorption bands at 3275 cm-1, Ar–C–H stretching at 3080 cm-1 and SH stretching at 2625 cm-1. The absence of absorption bands due to C=O for CONH at 1680, 1620 (C=N), 1600 (C =C), 1515 (C–N) and 700 cm-1 (C–S) stretching frequencies of starting triazoles, clearly indicates the formation of the cyclized product. IR spectra of 2a reveal the presence of Ar–C–H stretching at 3070 cm-1, S–H stretching at 2600 cm-1, CO of CONH at 1680 cm-1, C=N at 1620 cm-1, C=C at 1600 cm-1, C–N stretching at 1590 & 1490 cm-1.  The proton magnetic resonance (PMR) spectra of 2a show a singlet at  14.6 ppm for the CONH proton and mass spectra of 2a show a  molecular ion peaks at m/z 298 (M+) in confirmity with the assigned molecular formulae. 
The IR spectrum of 3a-d reveal the presence of Ar–C–H stretching in the region 3027-3059cm-1, in addition to 2 characteristic signals in the region 770-820 cm-1 for the monosubstituted benzene and 659-714 cm-1 for C–S stretching. The PMR spectrum of 3a-d show a multiplet (SH) at about  8.5-9.2 ppm for the aromatic protons and the mass spectra of 3a-d show a molecular ion in the region m/z 289-301 (M+) in confirmity with the assigned molecular formulae. The IR spectrum of 4a-d reveal the presence of Ar–C–H stretching in the region of 3022-3060 cm-1, in addition to 2 characteristic signals in the region 770-812 cm-1 for the monosubstituted benzene and 655-711 cm-1 for C–S stretching. The PMR spectrum of 4a-d show a multiplet (SH) at about  8.5-9.22 ppm for the aromatic protons and the mass spectra of 4a-d show a molecular ion in the region m/z 288-302 (M+) in confirmity with the assigned molecular formulae. The entire data of IR, PMR and MS spectra for compounds 3a-d and 4a-d are presented in the experimental part. The elemental analyses of newly synthesized compounds are consistent with the assigned structures. All synthesized compounds containing 1, 2, 4- triazole moiety showed significant anti-inflammatory activity. 
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Table 1 Evaluation of anti-inflammatory activity of the compounds

	Compd.
	Substituent
	Percentage inhibition at the end of

	
	
	1hr
	3hr
	5hr

	3a
	4-methylphenyl
	49.92
	55.83
	62.15

	3b
	4-nitrophenyl
	52.82
	55.62
	65.51

	3c
	4-chlorophenyl
	64.28
	68.12
	69.32

	3d
	4-methoxyphenyl
	64.43
	69.07
	70.35

	4a
	4-methylphenyl
	49.88
	55.88
	62.88

	4b
	4-nitrophenyl
	52.86
	55.68
	65.98

	4c
	4-chlorophenyl
	64.88
	68.82
	69.38

	4d
	4-methoxyphenyl
	64.43
	69.07
	70.35

	Ibuprofen (Standard)
	64.06
	68.10
	72.62
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Scheme 1 Synthetic pathway to 3a-d & 4a-d.
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