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ABSTRACT

A simple and efficient synthesis of a series oftddmglrazonesSa-1, 6a-l, 7a-1), 1,3-dioxoisoindolines8g-c)
derivatives and 1,2,4-triazol@) have been attained starting from the key preagrgxetohydrazides4é-c). In
addition, 1,2,4-triazole 9) have been employed for additional cyclization aéford [1,2,4]triazolo[3,4-
b][1,3,4]thiadiazine derivatives10a-c) as well as in synthesis of hydrazoné&&a(f). Structures of the newly
synthesized compounds have been confirmed by phgsit spectral data (IRH-NMR, M.S and®*C-NMR (APT))

in addition to elemental analysis. All the newintiesized compounds were investigated for thewivo anti-
inflammatory activity using the carrageenan-induced paw edema model. Most of the newly synthesized
compounds demonstrated exceptionally high in vivid-iaflammatory activity as compared to INM. Theviitro
inhibitory activity of the most active compoundsvdods ovine cyclooxygenase COX-1 and human rec@mbin
COX-2 was also assessed. All the bioactive commoshowed high affinity and selectivity towards CDisozyme
compared to the reference drug diclofenac sodiuth Wis, values ranging from 0.28-0.81 pumole versus 0.80
pmole respectively. Molecular docking study wasedand revealed a relationship between docking iaffiand
biological results.
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INTRODUCTION

In the recent years, pain and inflammation are knasva great burden to the healthcare status gfapulation and
the underlying basis of a significant number of a&&s [1]. One of the therapeutic targets for thieiaflammatory
activity is lowering prostaglandin (PG) productitimough the inhibition of cyclooxygenase (COX) emey a
membrane-bound hemeprotein which exists in twardisisoforms, a constitutive COX-1 and inducibl©X:-2

which are regulated differently. COXs catalyze Hielogical oxidation of arachidonic acid to prodtaglin and
thromboxane. COX-1 is responsible for the cytopridte prostaglandins production in the gastroimastract and
pro-aggregator thromboxane in blood platelets, eherCOX-2 is expressed in response to the pro-infitory
mediators [2-4]. Therefore, the drugs that inhi®@X-2 enzyme selectively are better anti-inflammatgents in
terms of Gl tolerability. Benzimidazoles have béevestigated as modulators of pain and inflammasioowing
excellent therapeutic potency as anti-inflammatagents [5]. Further, such nucleus was reported a®ya
pharmacophore for binding to and inhibiting humad>C1 as well as COX-2 [6]. One of the keys for deping

COX-2 selective drugs is the larger active sit€€@fX-2 which makes it possible for too large molesulo fit into
COX-2 active site [7]. Additionally, there are miés revealed enhanced anti-inflammatory activithative to that
of the parent compounds e.g., acetohydrazones ][8heferocyclic rings such as 1,2,4-triazoles [8)-11,3-

dioxoisoindolines [16-18], and 1,3,4-thiadiazin&8,[20].
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Enlightened by the abovementioned studies, theeptework aims for the synthesis of new 2-alkyl/ llayk
substituted 2-mercapto-benzimidazoles that incafgoracetohydrazones; as compoun8Bla-I( 6a-l, 7a-) or
heterocyclic moieties; as compound®a{9, (9), (10a-9 and (la-f) , in order to evaluate their plausible
pharmacophoric contribution of such moieties in itheivo anti-inflammatory activity. Also, it was of inteseto
examine the inhibitory effects of the synthesizedhpounds on COX-1 and COX-2 enzymes and measuie the
selectivity towards COX-2 enzyme over COX-1, if aMolecular docking study is performed to interpaesid
explain the possible mode of binding of the actwenpounds.

2.1. Chemistry

Melting points were determined on an electrothermelting point apparatus [Stuart Scientific, mo8#MP3, UK],
and were uncorrected. Pre-coated silica gel plgieselgel 0.25 mm, 60G F254, Merck, Germany) wesed for
TLC monitoring of the chemical reactions using cbform:methanol (9.5:0.5 v/v) as mobile phase gmutswere
detected by using ultraviolet lamp at 254 nm wavglke (Spectroline, model CM-10, USA). IR spectrd(Kliscs)
were recorded on thermo scientific nicolet 6700 R spectrometer (thermo Fischer scientific, USAY fo
compoundsHa-j, 6¢-d, 6f, 6i, 6k, 7a-j) except for compoundsk-I, 6a-b, 6¢, 6g-h, 6j, 61, 7k-I, 8a-¢ 9, 10a-¢ 11a-

f ) that was done on thermo scientific nicolet IS10 IRTspectrometer (thermo Fischer scientific, USBata
acquisition was performed on Omnic softwatd-NMR Spectra were scanned on a Varian EM-360 L NMR
spectrometer (60 MHz, Varian, CA, USA). Couplingistants J) are in Hertz (Hz). Deuterium oxide was used for
the detection of exchangeable protons. Chemicdisshie expressed iB-values (ppm) relative to TMS as an
internal standard, using the appropriate solvenspexcified. Deuterium oxide was used for the d&tecbf
exchangeable protons. Attached proton test (APErtspm of compounds9( 109 was performed on Brucker
Avance Il 400MHz tH-NMR 400 MHz, *C-NMR 100MHz) Switzerland. Mass spectra were reedraith a
(Shimadzu, Kyoto, Japan) for compounds, (8a, 9 and on Direct Probe Controller Inlet Part TO $ng
Quadropole mass analyzer in Thermo Scientific GCM&del 1ISQ LT using Thermo X-Calibur software for
compounds &b, 7b, 10c, 11a, 11e Elemental microanalyses were performed on ad/alemental analyzer Il
Vario, Germany) for compoundSa-e, 5g-) 6b, 6d-e, 6h-] 7a-l, 8b) except for compound®f, 6a, 6¢, 6f-g8a, 8¢,

9, 10a-¢ 1la-f) whose elemental microanalyses were performedlemental analyzer model flash 2000 thermo
fisher. Compounds 1H-benzo[d]imidazole-2(3H)-thid¥ (1), 2-(substituted thio)-1H-benzo[d]imidazole [23, 2
24] (2a-9, methyl 2-(2-(substituted thio)-1H-benzo[d]imiaddA -yl)acetatg25] (3a-0 and 2-(2-(methylthio)-1H-
benzo[d]imidazol-1-yl)acetohydrazide [25]4-0) were prepared according to reported metfipti?5]; Scheme 1
The required phenacyl bromide derivatives were gmegh according to reported procedure [26, 27].

2.1.1. N'-(4-(un)substituted (arylmethylidene or 1-arhididene)-2-(2-(substituted thio)-1H-benzo[d]imiddi -
yl))acetohydrazideba-l, 6a-l, 7a-I

To a suspension of 2-(2-(substituted thio)-1H-bédnmidazole-1-yl)acetohydrazide, compoun@a-c) (0.005
mole) in absolute ethanol (15 ml) and the appropriaté @dehydes or acetophenone derivatives (0.005 )ndle
drops of glacial acetic acid were added. The reactiixture was refluxed for 4 h then left to cobhe precipitated
product was filtered, dried and recrystallized frethanol.

2.1.1.1 N'-benzylidene-2-(2-(methylthio)-1H-benzo[d]imidateyl)acetohydrazid®&a

White crystals, m.p. 214-6°C, yield 70.5%, IR (KBrfcm®) 3189 (N-H); 1686 (C=0); 1614, 1478, 1450 (C=N &
C=C); '"H-NMR (60 MHz, CDC}): 2.83 (3H; s; SCh), 5.40 (2H; s; NCH), 7.10 - 8.10 (10H; m; HC=N, &, &
CeHs), 10.83 (1H; br s; NH). Anal. Calc. (%) for#1,N4OS: C, 62.94; H, 4.97; N, 17.27; Found: C, 63.20; H
5.09; N, 16.99.

2.1.1.2.N'-(4-chlorobenzylidene)-2-(2-(methylthio)-1H-befilimidazol-1-yl)acetohydrazidgb

White crystals, m.p. 248-50°C, yield 86.5%, IR (KBr(cm™) 3181 (N-H); 1676 (C=0); 1615, 1595, 1488, 1478,
1454 (C=N & C=C)}H-NMR (60 MHz, CDC}{/DMSO-ds 3:1): 2.85 (3H; s; SCh), 5.45 (2H; s; NCH), 7.10 - 8.43
(9H; m; HC=N, GH4 & C¢Hy), 12.08 (1H; br s; NH). Anal. Calc. (%) for;£l,5CIN,OS: C, 56.90; H, 4.21; N,
15.61; Found: C, 56.80; H, 4.23; N, 15.60.

2.1.1.3.N'-(4-methylbenzylidene)-2-(2-(methylthio)-1H-b#d¥midazol-1-yl)acetohydrazidgc

White crystals, m.p. 235-237°C, yield 77.1%, IR ¢KB (cm®) 3186 (N-H); 1678 (C=0); 1616, 1454 (C=N &
C=C); *H-NMR (60 MHz, CDCYDMSO-s 3:1): 2.45 (3H; s; CkCcH,), 2.81 (3H; s; SCH), 5.41 (2H; s; NCH),
7.06 - 8.36 (9H; m;_HC=N, &4 & C¢H,), 11.86 (1H; br s; NH). Anal. Calc. (%) for;481:gN,OS: C, 63.88; H,
5.36; N, 16.56; Found: C, 64.00; H, 5.17; N, 16.34.

2.1.1.4.N'-(4-methoxybenzylidene)-2-(2-(methylthio)-1HAmd]imidazol-1-yl)acetohydrazidsd

White crystals, m.p. 215-216°C, yield 67.0%, IR (KB (cm*) 3191 (N-H); 1678 (C=0); 1603, 1574, 1518, 1478,
1449 (C=N & C=C); 1251, 1027 (C-O}-NMR (60 MHz, CDCYDMSO-ds 3:1): 2.86 (3H; s; SCh), 3.93 (3H; s;
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OCH;), 5.38 (2H; s; NCH), 6.76 - 8.30 (9H; m; HC=N, ¢, & Ce¢Hy), 11.71 (1H; br s; NH). Anal. Calc. (%) for
CigH1gNLO,S: C, 61.00; H, 5.12; N, 15.81; Found: C, 61.045135; N, 16.06.

2.1.1.5.N'-(4-methoxybenzylidene)-2-(2-(methylthio)-1HAwd]imidazol-1-yl)acetohydrazidse

Yellow crystals, m.p. 236-238°C, yield 41.1%, IRB#v (cmi) 3180 (N-H); 1681 (C=0); 1615, 1587, 1522, 1478,
1451 (C=N & C=C); 1552, 1341 (N *H-NMR (60 MHz, CDCYDMSO-ds 3:1): 2.81 (3H; s; SCH, 5.38 (2H; s;
NCH,), 7.00 - 8.46 (9H; m; HC=N, &, & C¢H,), 12.21 (1H; br s; NH). Anal. Calc. (%) for;8E1sN4O,S: C,
55.27; H, 4.09; N, 18.96; Found: C, 55.40; H, 418719.19.

2.1.1.6.N'-(4-hydroxybenzylidene)-2-(2-(methylthio)-1H-befl]imidazol-1-yl)acetohydrazidef

White crystals, m.p. 238-240°C, yield 61.0%, IR (KB (cm?) 3445 (OH); 3180 (N-H); 1682 (C=0); 1605, 1583,
1466, 1440 (C=N & C=C); 1241 (C-O¥-NMR (60 MHz, CDCYDMSO-d; 3:2): 2.76 (3H; s; SCH), 5.33 (2H; s;
NCH,), 6.66 - 8.23 (9H; m; HC=N, &4 & C¢H,), 9.61 (1H; br s; OH), 11.36 (1H; br s; NH). EI-M$&/z 342.00
(M*+2, 8.84), 341.00M"+1, 9.56), 340.00M", 21.79), 77.00 (100.00). Anal. Calc. (%) forA@eN4O.S: C,
59.98; H, 4.74; N, 16.46; Found: C, 60.14; H, 4M416.29.

2.1.1.7.2-(2-(methylthio)-1H-benzo[d]imidazol-1-yl)-N'-fikrenylethylidene)acetohydrazifig

White crystals, m.p. 198-199 °C, yield 60.2%, IRB(Kv (cm*) 3185 (N-H); 1683 (C=0); 1557, 1505, 1446 (C=N
& C=C); 'H-NMR (60 MHz, CDC}): 2.05 (3H; s; N=CCH), 2.85 (3H; s; SCHJ, 5.40 (2H; s; NCH), 7.20 - 8.06
(9H; m; GH4 & CgHs), 10.15 (1H; br s; NH). Anal. Calc. (%) forgE1,sN4,OS: C, 63.88; H, 5.36; N, 16.56; Found:
C, 63.86; H, 5.36; N, 16.60.

2.1.1.8.N'-(1-(4-chlorophenyl)ethylidene)-2-(2-(methylthitH-benzo[d]imidazol-1-yl) aceto-hydrazide

White crystals, m.p. 233-235 °C, yield 82.0%, IRB(K® (cm*) 3185 (N-H); 1682 (C=0); 1613, 1446 (C=N &
C=C);'H-NMR (60 MHz, CDC}): 1.98 (3H; s; N=CCH), 2.83 (3H; s; SCH}, 5.38 (2H; s; NCH), 7.03 - 8.00 (8H;
m; GHs & CgHy), 10.16 (1H; br s; NH). Anal. Calc. (%) fordEl;,CIN,OS: C, 57.98; H, 4.60; N, 15.03; Found: C,
58.01; H, 4.50; N, 14.85.

2.1.1.9.2-(2-(methylthio)-1H-benzo[d]imidazol-1-yl)-N'-(-tolylethylidene)acetohydrazidé

White crystals, m.p. 216-218 °C, yield 40.1%, IRB(Kv (cm) 3184 (N-H); 1683 (C=0); 1616, 1477, 1446 (C=N
& C=C); 'H-NMR (60 MHz, CDC}): 2.00 (3H; s; N=CCH), 2.43 (3H; s; CHC¢H,), 2.83 (3H; s; SCH}, 5.38 (2H;

s; NCH,), 7.00 - 8.00 (8H; m; gHs & CeHy), 10.16 (1H; br s; NH). Anal. Calc. (%) fordE,0N4,OS: C, 64.75; H,
5.72; N, 15.90; Found: C, 64.58; H, 5.74; N, 15.82.

2.1.1.10.N'-(1-(4-methoxyphenyl)ethylidene)-2-(2-(methgltHiH-benzo[d]imidazol-1-yl) aceto-hydraziép

White crystals, m.p. 200-202 °C, yield 83.5%, IRB¢Kv (cm?) 3188 (N-H); 1682 (C=0); 1605, 1572, 1511, 1477,
1448 (C=N & C=C); 1249, 1230 (C-OJH-NMR (60 MHz, CDCYDMSOs 3:1): 2.35 (3H; s; N=CC}), 2.86
(3H; s; SCH), 3.91 (3H; s; OCh), 5.43 (2H; s; NCh), 6.76 - 8.13 (8H; m; g4 & CgH,), 10.88 (1H; br s; NH).
Anal. Calc. (%) for GH,oN4O,S: C, 61.94; H, 5.47; N, 15.21; Found: C, 61.645183; N, 15.33.

2.1.1.11 2-(2-(methylthio)-1H-benzo[d]imidazol-1-yl)-N'-(#-nitrophenyl)ethylidene)aceto-hydrazidle

Yellow crystals, m.p. 239-241 °C, yield 77.5%, IRBf) v (cm’) 3210 (N-H); 1684 (C=0); 1612, 1596, 1580,
1516, 1478, 1444 (C=N & C=C); 1516, 1344 (HOH-NMR (60 MHz, CDCYDMSO-d; 4:1): 2.40 (3H; s;
N=CCH;), 2.81 (3H; s; SCH), 5.41 (2H; s; NCh), 7.05 - 8.46 (8H; m; &4 & CeH,), 11.03 (1H; br s; NH). Anal.
Calc. (%) for GgH1/Ns05S: C, 56.38; H, 4.47; N, 18.27; Found: C, 56.634137; N, 18.36.

2.1.1.12 N'-(1-(4-hydroxyphenyl)ethylidene)-2-(2-(methyd)hi H-benzo[d]imidazol-1-yl)aceto-hydrazide

White crystals, m.p. 238-239 °C, yield 54.0%, IRB(Kv (cm*) 3445 (OH); 3206 (N-H); 1681 (C=0); 1607, 1580,
1515, 1445 (C=N & C=C); 1242 (C-OJH-NMR (60 MHz, CDCYDMSOs 4:1): 2.26 (3H; s; N=CC}), 2.76
(3H; s; SCH), 5.33 (2H; s; NCH), 6.63 - 8.06 (8H; m; £H, & C¢H,), 9.53 (1H; br s; OH), 10.80 (1H; br s; NH).
Anal. Calc. (%) for GgH1gN4O,S: C, 61.00; H, 5.12; N, 15.81; Found: C, 60.975H1; N, 15.87.

2.1.1.13N'-benzylidene-2-(2-(isopropylthio)-1H-benzo[d]dakzol-1-yl)acetohydrazidéa

White crystals, m.p. 111-113 °C, yield 60.0%, IRB¢Kv (cmi*) 3204 (N-H); 1689 (C=0); 1611, 1573, 1480, 1462,
1446 (C=N & C=C);'H-NMR (60 MHz, CDCYDMSO-d; 4:1): 1.43 (6H; d;) = 7.2 Hz, CH(CH),), 3.76 - 4.25
(1H; m; CH(CH),), 5.33 (2H; s; NCH), 6.90 - 8.26 (9H; m; g, & C¢Hs) 8.00 (1H; s; HC=N) and 11.85 (1H; br s;
NH). Anal. Calc. (%) for GH,N4OS: C, 64.75; H, 5.72; N, 15.90; Found: C, 64.875H2; N, 15.70.
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2.1.1.14N'-(4-chlorobenzylidene)-2-(2-(isopropylthio)- 1HAm®[d]imidazol-1-yl)acetohydrazidgb

White crystals, m.p. 229-231 °C, yield 89.2%, IRB¢Kv (cm?) 3196 (N-H); 1696 (C=0); 1611, 1596, 1480, 1461
(C=N & C=C); 'H-NMR (60 MHz, CDC}): 1.39 (6H; d;J = 7.8 Hz, CH(CH),), 3.81 - 4.33 (1H; m; CH(CHb),
5.35 (2H; s; NCH), 7.13 - 7.96 (9H; m; g4, GHs & HC=N) and 10.90 (1H; br s; NH). EI-MSn/z 388.16
(M*+2, 9.75), 387.17M*+1, 9.19), 386.14M", 23.54), 163.08 (100.00). Anal. Calc. (%) foyld;sCIN,OS: C,
58.98; H, 4.95; N, 14.48; Found: C, 58.71; H, 4M414.81.

2.1.1.152-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-NH{methylbenzylidene)acetohydraztie

White crystals, m.p. 155-157 °C, yield 89.5%, IRB(Kv (cm™) 3185 (N-H); 1682 (C=0); 1603, 1470, 1463, 1447
(C=N & C=C);'"H-NMR (60 MHz, CDC}): 1.40 (6H; d;J = 6.6 Hz, CH(CH),), 2.36 (3H; sp-CHsCsH.), 3.78 -
4.30 (1H; m; CH(CH),), 5.33 (2H; s; NCH), 6.96 - 8.00 (9H; m; g, CH4 & HC=N) and 10.81 (1H; br s; NH).
Anal. Calc. (%) for GoH,N4OS: C, 65.55; H, 6.05; N, 15.29; Found: C, 65.796H42; N, 15.43.

2.1.1.162-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-NH{methoxybenzylidene)acetohydrazide

White crystals, m.p. 196-197 °C, yield 88.5%, IRB¢Kv (cmt) 3190 (N-H); 1681 (C=0); 1600, 1570, 1510, 1485,
1460, 1446 (C=N & C=C); 1249, 1030 (C-8)-NMR (60 MHz, CDC}): 1.46 (6H; d;J = 7.8 Hz, CH(CH),), 3.90
(3H; s; OCH), 3.76 - 4.40 (1H; m; CH(C§}%), 5.40 (2H; s; NCH), 6.80 - 8.03 (9H; m; g4 , GH4 & HC=N) and
10.98 (1H; br s; NH). Anal. Calc. (%) for,gH,,N40,S: C, 62.80; H, 5.80; N, 14.65; Found: C, 62.9050; N,
14.80.

2.1.1.17 2-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-N&-nitrobenzylidene)acetohydraziée

Yellow crystals, m.p. 254-255 °C, yield 94.5%, KBf) v (cm*) 3196 (N-H); 1694 (C=0); 1586, 1480, 1450 (C=N
& C=C); 1515, 1336 (N@; 'H-NMR (60 MHz, CDCYDMSO-d; 1:1): 1.46 (6H; d;) = 7.8 Hz, CH(CH),), 3.80 -
4.31 (1H; m; CH(CH),), 5.41 (2H; s; NCH), 7.01 - 8.56 (9H; m; HC=NCeH, & CsH,), 12.21 (1H; br s; NH).
Anal. Calc. (%) for GH1gNsO3S: C, 57.42; H, 4.82; N, 17.62; Found: C, 57.095H.1; N, 17.72.

2.1.1.18.N'-(4-hydroxybenzylidene)-2-(2-(isopropylthio)-hednzo[d]imidazol-1-yl)acetohydrazidié

White crystals, m.p. 207-208 °C, yield 79.1%, IRB¢KO (crmi) 3411 (OH); 3209 (N-H); 1674 (C=0); 1580, 1515,
1464, 1433 (C=N & C=C); 1241 (C-OJH-NMR (60 MHz, CDCYDMSO-ds 3:1): 1.41 (6H; d;J = 6.0 Hz,
CH(CHg),), 3.63 - 4.30 (1H; m; CH(CHh), 5.35 (2H; s; NCH), 6.66 - 8.30 (10H; m; &, , GHs & HC=N), 9.23 -
9.83 (1H; br s; OH), 11.40 (1H; br s; NH). Anal.l€g%) for GgH,oN4O,S: C, 61.94; H, 5.47; N, 15.21; Found: C,
62.18; H, 5.55; N, 15.09.

2.1.1.19.2-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-N1-phenylethylidene)acetohydrazifg

White crystals, m.p. 166-168 °C, yield 65.0%, IRB¢Ky (cm?) 3192 (N-H); 1686 (C=0); 1479, 1463, 1434 (C=N
& C=C); *H-NMR (60 MHz, CDC}): 1.43 (6H; d;J = 7.2 Hz, CH(CH),), 1.96 (3H; s; N=CC}k), 3.86 - 4.26 (1H;
m; CH(CH),), 5.30 (2H; s; NCH), 7.06 - 7.80 (9H; m; g, & C¢Hs) and 10.08 (1H; br s; NH). Anal. Calc. (%) for
C,H2oN,OS: C, 65.55; H, 6.05; N, 15.29; Found: C, 65.816125; N, 14.99.

2.1.1.20.N'-(1-(4-chlorophenyl)ethylidene)-2-(2-(isoprogt)-1H-benzo[d]imidazol-1-yl)aceto-hydraziéh

White crystals, m.p. 223-225 °C, yield 79.3%, IRB(Kv (cm*) 3191 (N-H); 1685 (C=0); 1611, 1462, 1445 (C=N
& C=C); 'H-NMR (60 MHz, CDC}): 1.39 (6H; d;J = 7.2 Hz, CH(CH),), 1.86 (3H; s; N=CCH), 3.66 - 4.33 (1H;
m; CH(CH),), 5.35 (2H; s; NCH), 7.06 - 7.96 (8H; m; §H, & Ce¢H,) and 10.53 (1H; br s; NH). Anal. Calc. (%) for
C,H-1CIN,OS: C, 59.91; H, 5.28; N, 13.97; Found: C, 59.615H0; N, 13.95.

2.1.1.21.2-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-N1-p-tolylethylidene)acetohydrazide

White crystals, m.p. 218-220 °C, vyield 80.1%, IRB¢Kv (cm?) 3184 (N-H); 1682 (C=0); 1615, 1514, 1461, 1446
(C=N & C=C);'H-NMR (60 MHz, CDC}): 1.45 (6H; d;J = 6.0 Hz, CH(CH),), 1.96 (3H; s; N=CC}H), 2.40 (3H, s,
CHsC¢H, ), 3.83 - 4.36 (1H; m; CH(CHt), 5.40 (2H; s; NChH), 6.90 - 7.96 (8H; m; Hs & CeH,) and 10.23 (1H;
br s; NH). Anal. Calc. (%) for £H,4N,OS: C, 66.29; H, 6.36; N, 14.72; Found: C, 66.106H43; N, 14.72.

2.1.1.22 2-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-N1-(4-methoxyphenyl)ethylidene)aceto-hydrafide
White crystals, m.p. 204-206 °C, yield 78.5%, IRB(Kv (cm*) 3185 (N-H); 1682 (C=0); 1609, 1514, 1447 (C=N
& C=C); 1252, 1031 (C-O)!H-NMR (60 MHz, CDC}): 1.46 (6H; d;J = 7.8 Hz, CH(CH),), 1.93 (3H; s;
N=CCH;), 3.66 - 4.36 (1H; m; CH(CH}), 3.83 (3H; s; OChH), 5.40 (2H; s; NCh), 6.71 - 7.93 (8H; m; &, &
CeH,) and 10.23 (1H; br s; NH). Anal. Calc. (%) fos:B,4N,0,S: C, 63.61; H, 6.10; N, 14.13; Found: C, 63.52; H,
6.17; N, 14.13.

216



Olal. A. Salemet al Der Pharma Chemica, 2016,8 (17):213-231

2.1.1.23.2-(2-(isopropylthio)-1H-benzo[d]imidazol-1-yl)-N1-(4-nitrophenyl)ethylidene)aceto-hydrazigle

Yellow crystals, m.p. 216-218 °C, yield 83.5%, KB¢) v (cm’) 3193 (N-H); 1690 (C=0); 1597, 1586, 1479, 1438
(C=N & C=C); 1518, 1342 (N§; *H-NMR (60 MHz, CDC}): 1.45 (6H; d;J = 6.6 Hz, CH(CH),), 2.00 (3H; s;
N=CCHs), 3.76 - 4.38 (1H; m; CH(C}L), 5.43 (2H; s; NCH), 7.05 - 8.45 (8H; m; H, & CgH4) and 10.66 (1H; br
s; NH). Anal. Calc. (%) for H>;NsOsS: C, 58.38; H, 5.14; N, 17.02; Found: C, 58.115136; N, 17.13.

2.1.1.24 N'-(1-(4-hydroxyphenyl)ethylidene)-2-(2-(isoprapid)-1H-benzo[d]imidazol-1-yl)aceto-hydraziée

White crystals, m.p. 226-228 °C, yield 72.0%, IRB¢KO (crmi) 3424 (OH); 3204 (N-H); 1683 (C=0); 1606, 1516,
1435 (C=N & C=C); 1240 (C-O):H-NMR (60 MHz, CDCYDMSO-ds 4:1): 1.49 (6H; d;J = 7.8 Hz, C(CH),),
2.30 (38H; s; N=CCH), 3.73 - 4.40 (1H; m; CH(C#k), 5.43 (2H; s; NCH), 6.73 - 7.93 (8H; m; H, & CeH,), 8.60

- 9.86 (1H, br s; OH), 10.70 (1H; br s; NH). Ang@hlc. (%) for GgH»N40,S: C, 62.80; H, 5.80; N, 14.65; Found:
C, 62.97; H, 5.92; N, 14.68.

2.1.1.25N'-benzylidene-2-(2-(benzylthio)-1H-benzo[d]imidat-yl)acetohydrazid@a

White crystals, m.p. 221-223°C, yield 66.1%, IR (KB (cm') 3206 (N-H); 1697 (C=0); 1608, 1495, 1478, 1463
(C=N & C=C);*H-NMR (60 MHz, CDCYDMSO-ds 3:1): 4.61 (2H; s; ChC¢Hs), 5.28 (2H; s; NCH), 6.85 — 7.88
(14H; m; GHa, CeHs & CeHs), 8.05 (1H; s; HC=N), 11.48 (1H; br s;_NH). An&lalc. (%) for GsH,N,OS: C,
68.98; H, 5.03; N, 13.99; Found: C, 69.26; H, 519414.14.

2.1.1.26 2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-¢orobenzylidene)acetohydrazide

White crystals, m.p. 237-239°C, yield 54.1%, IR (KB (cm*) 3190 (N-H); 1697 (C=0); 1602, 1488, 1465, 1439
(C=N & C=C);'H-NMR (60 MHz, CDCYDMSO-ds 3:1): 4.61 (2H; s; ChCeHs), 5.31 (2H; s; NCH), 6.96 - 8.43
(13H; m; GHs, GsHs & CgHy), 8.10 (1H; s; HC=N), 12.06 (1H; br s; NH). EI-M®/z 434.23 1", 0.98), 91.11
(100.00). Anal. Calc. (%) for £H1sCIN,OS: C, 63.51; H, 4.40; N, 12.88; Found: C, 63.844133; N, 12.56.

2.1.1.27 2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(ethylbenzylidene)acetohydrazite

White crystals, m.p. 217-219°C, yield 80.0%, IR (KB (cm*) 3203 (N-H); 1697 (C=0); 1610, 1495, 1479, 1464,
1441 (C=N & C=C);*H-NMR (60 MHz, CDC}{DMSO-ds 3:1): 2.53 (3H; sp-CHsCsHa), 4.68 (2H; s; ChiCeHs),
5.35 (2H; s; NCH), 7.00 - 8.33 (13H; m; s, CsHs4 & CeH,), 8.06 (1H; s; HC=N), 11.86 (1H; br s;_ NH). Anal.
Calc. (%) for G4H.N,OS: C, 69.54; H, 5.35; N, 13.52; Found: C, 69.194198; N, 13.67.

2.1.1.28.2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(ethoxybenzylidene)acetohydrazide

White crystals, m.p. 214-215 °C, yield 85.5%, IRB¢Ko (cmt) 3190 (N-H); 1694 (C=0); 1518, 1504, 1481, 1466,
1454 (C=N & C=C); 1253, 1031 (C-O}4-NMR (60 MHz, CDCYDMSO-ds 1:1): 3.88 (3H; s; OCH), 4.61 (2H; s;
CH,CgHs), 5.26 (2H; s; NCH), 6.80 - 8.10 (13H; m; £s, CsHs & CgH,), 7.98 (1H; s; HC=N), 11.60 (1H; br s;
NH). Anal. Calc. (%) for gH».N,O,S: C, 66.96; H, 5.15; N, 13.01; Found: C, 67.085195; N, 13.22.

2.1.1.29.2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-@trobenzylidene)acetohydrazide

Yellow crystals, m.p. 234-236 °C, yield 91.3%, IRBf) v (cm’) 3216 (N-H); 1698 (C=0); 1612, 1585, 1495,
1478, 1463, 1441 (C=N & C=C); 1517, 1342 (WOH-NMR (60 MHz, CDC{DMSO-ds 1:1): 4.58 (2H; s;
CH,C¢Hs), 5.35 (2H; s; NCH), 6.96 - 8.63 (14H; m; HC=N, s, GHs & C¢H,), 12.10 (1H; br s; NH). Anal.
Calc. (%) for GsH1gNsOsS: C, 62.01; H, 4.30; N, 15.72; Found: C, 62.084122; N, 15.98.

2.1.1.302-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(44iroxybenzylidene)acetohydrazitfe

White crystals, m.p. 144-146 °C, yield 70.2%, IRB(Kv (cm*) 3486 (OH); 3209 (N-H); 1675 (C=0); 1604, 1513,
1494, 1480, 1463, 1441 (C=N & C=C); 1241 (C-8):NMR (60 MHz, CDCYDMSO-ds 4:1): 2.93 - 4.03 (1H; br
s; OH), 4.61 (2H; s; CkCsHs), 5.28 (2H; s; NCH), 6.66 - 8.25 (14H; m; HC=N, 84, GH, & C¢Hs), 11.46 (1H;
br s; NH). Anal. Calc. (%) for £H,oN,O,S: C, 66.33; H, 4.84; N, 13.45; Found: C, 66.045H0; N, 13.22.

2.1.1.312-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(hynylethylidene)acetohydrazidg

White crystals, m.p. 189-191 °C, yield 86.4%, IRB(Kv (cm) 3182 (N-H); 1682 (C=0); 1614, 1597, 1461, 1439
(C=N & C=C);'H-NMR (60 MHz, CDC}): 1.96 (3H; s; N=CCHh), 4.55 (2H; s; CHCsHs), 5.25 (2H; s; NCH),
7.00 - 8.16 (14H; m; gH,, CHs & CgHs), 9.95 (1H; br s; NH). Anal. Calc. (%) for{,,N,0S: C, 69.54; H, 5.35;
N, 13.52; Found: C, 69.70; H, 5.22; N, 13.48.

2.1.1.322-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(4-€hlorophenyl)ethylidene)aceto-hydrazide

White crystals, m.p. 159-161 °C, yield 83.0%, IRB¢Ko (cmt) 3184 (N-H): 1687 (C=0); 1606, 1557, 1539, 1493,
1462 (C=N & C=C)}H-NMR (60 MHz, CDC}): 1.91(3H; s; N=CCH), 4.56 (2H; s; ChiCcHs), 5.21(2H; s; NCH),
7.05 - 8.13 (13H; m; s, CsHs & CeHy), 10.11 (1H; br s; NH). Anal. Calc. (%) fonf,,CIN,OS: C, 64.20; H,
4.71; N, 12.48; Found: C, 64.00; H, 4.49; N, 12.57.
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2.1.1.332-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(:tplylethylidene)acetohydrazidé

White crystals, m.p. 181-183 °C, yield 83.1%, IRB¢Kv (cmt) 3186 (N-H); 1682 (C=0); 1614, 1513, 1494, 1478,
1462, 1442 (C=N & C=C)‘H-NMR (60 MHz, CDC}): 2.05 (3H; s; N=CC}h), 2.46 (3H; s; ChCsH.), 4.63 (2H; s;
CH,CgHs), 5.31(2H; s; NCH), 6.88 - 8.00 (13H; m; &5, CsHs & CeHy), 10.20 (1H; br s; NH). Anal. Calc. (%) for
CosH24N40S: C, 70.07; H, 5.64; N, 13.07; Found: C, 70.125181; N, 12.82.

2.1.1.342-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(Z-methoxyphenyl)ethylidene)aceto-hydrazige

White crystals, m.p. 161-163 °C, yield 40.2%, IRB(Kv (cm*) 3193 (N-H); 1679 (C=0); 1573, 1514, 1495, 1439
(C=N & C=C); 1247, 1033 (C-O)H-NMR (60 MHz, CDC}): 1.90 (3H; s; N=CCH), 3.81 (3H; s; OCH), 4.55
(2H; s; CHCeHs), 5.23 (2H; s; NCH), 6.73 - 7.90 (13H; m; &5, GHs & CeHy), 9.93 (1H; br s; NH).Anal. Calc.
(%) for GsH24N4O,S: C, 67.54; H, 5.44; N, 12.60; Found: C, 67.41581; N, 12.80.

2.1.1.352-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(4-gitrophenyl)ethylidene)aceto-hydrazide

Yellow crystals, m.p. 190-192 °C, yield 85.1%, IRBf) v (cm®) 3200 (N-H); 1693 (C=0); 1597, 1582, 1494,
1479, 1461 (C=N & C=C); 1516, 1343 (MO'H-NMR (60 MHz, CDC}): 2.43 (3H; s; N=CC}h), 4.65 (2H; s;
CH,C¢Hs), 5.35 (2H; s; NCH), 7.00 - 8.48 (13H; m; g5, CeHs & CeH,), 11.06 (1H; br s; NH). Anal. Calc. (%)
for C,4H,1NsO3S: C, 62.73; H, 4.61; N, 15.24; Found: C, 62.944H49; N, 15.01.

2.1.1.36 2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N'-(4-fydroxyphenyl)ethylidene)aceto-hydrazitie

White crystals, m.p. 203-205 °C, yield 75.2%, IRB¢Ko (crmi?) 3486 (OH); 3181 (N-H); 1675 (C=0); 1607, 1580,
1518, 1494, 1463 (C=N & C=C); 1243 (C-OH-NMR (60 MHz, CDCYDMSO-ds 4:1): 2.23 (3H; s; N=CCH),
4.60 (2H; s; CHC¢Hs), 5.30 (2H; s; NCH), 6.70 - 7.86 (13H; m; g4, CeHs & CeHs), 9.20 - 9.60 (1H; br s; OH),
10.50 (1H; br s; NH). Anal. Calc. (%) for.4E,,N,O,S: C, 66.96; H, 5.15; N, 13.01; Found: C, 66.845t83; N,
12.86.

2.1.2.2-(2-(substituted thio)-1H-benzo[d]imidazol-1-yl}XHl,3-dioxoisoindolin-2-yl)acetamide,

(8a-c)

To a solution of 2-(2-(substituted thio)-1H-benZafddazole-1-yl)acetohydrazide, compounds-c) (0.005 mole)
in glacial acetic acid (20 mL), phthalic anhydri@005 mole) was added. The reaction mixture wHaxed for 5
h, left to cool and the precipitated product wéteifed, dried and recrystallized from ethanol.

2.1.2.1.N-(1,3-dioxoisoindolin-2-yl)-2-(2-(methylthio)-1Hebzo[d]imidazol-1-yl)acetamidga

White crystals, m.p. 278-280 °C, yield 50.1%, IRB¢Ko (cm?) 3100 (N-H); 1791, 1734, 1698 (C=0); 1611, 1513,
1477, 1463, 1448 (C=N & C=CJH-NMR (60 MHz, CDCYDMSO-d; 3:1): 2.76 (s; 3H; CH), 5.08 (s; 2H; N-
CH,), 7.00 - 8.00 (m; 8H; 2£,), 11.30 (br s, 1H, NH). EI-MSn/z 367.95 {1”+2, 5.13), 366.90M " +1, 15.44),
365.95 *,63.13), 204.95 (100.00). Anal. Calc. (%) forgdi,N,OsS: C, 59.01; H, 3.85; N, 15.29; Found: C,
59.24; H, 3.83; N, 15.28.

2.1.2.2.N-(1,3-dioxoisoindolin-2-yl)-2-(2-(isopropylthio}-tbenzo[d]imidazol-1-yl)acetamidib

White crystals, m.p. 244-246 °C, yield 40.3%, IRB¢Kv (cmi™) 3122 (N-H); 1796, 1742, 1701 (C=0); 1613, 1537,
1481, 1462 (C=N & C=C)!H-NMR (60 MHz, CDCYDMSO-s 3:1): 1.49 (d;J = 7.8 Hz; 6H; 2CH), 4.30 - 3.56
(m; 1H; CH), 5.15 (s; 2H; N-C}), 7.03 - 8.10 (m; 8H, 2¢l,), 11.36 (br s, 1H, NH). Anal. Calc. (%) for
CooH1gN405S: C, 60.90; H, 4.60; N, 14.20; Found: C, 61.18419; N, 13.90.

2.1.2.3.2-(2-(benzylthio)-1H-benzo[d]imidazol-1-yl)-N-(1d8exoisoindolin-2-yl)acetamidéc

White crystals, m.p. 238-240 °C, yield 70.0%, IRB¢Ko (cmt) 3147 (N-H); 1795, 1739 (C=0); 1611, 1557, 1495,
1479, 1466 (C=N & C=C):H-NMR (60 MHz, CDCYDMSO-ds 3:2): 4.56 (s; 2H; S-C}), 5.00 (s; 2H; N-Ch),
6.93 - 8.00 (m; 13H; 24, & CgHs), 11.00 - 11.40 (br s, 1H, NH). Anal. Calc. (%) f©,,H,sN4O5S: C, 65.14; H,
4.10; N, 12.66; Found: C, 64.95; H, 3.85; N, 12.40.

2.1.3.4-amino-3-((2-(methylthio)-1H-benzo[d]imidazol-ypethyl)-1H-1,2,4-triazole-5(4H)-thiore

To a stirred ice-cooled solution of 2-(2-(methydthilH-benzo[d]imidazole-1-yl)acetohydrazi¢éa) (0.005 mole,
1.2g) and potassium hydroxide (1.68 g, 0.03 maieahisolute ethanol (50 mL), carbon disulfide (0n08e, 1.8
mL) was added. The reaction mixture was stirretbain temperature for 16 h. Dry ether (30 mL) wadealj the
precipitated solid was filtered, washed with drhest and dried. A suspension of the produced pot&ass
dithiocarbazate salt (0.01 mole) (without any fartpurification) in hydrazine hydrate 99% (0.02 esdl mL), and
water (2 mL) was heated under reflux with stirrfog2 h. The reaction mixture was cooled, dilutathwold water,
and acidified with conc. hydrochloric acid till pH8. The obtained precipitate was filtered, washéHl cold water,
dried, and recrystallized from ethanol. Greenistitavhrystals, m.p. 175-177 °C, vield 48.6%, IR (KBr(cm®)
3435, 3319 (NH & NH); 1497, 1479, 1463, 1444 (C=N, C=CH-NMR (60 MHz, CDCYDMSO-ds 4:1): 2.70 (s;
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3H; CH), 5.06 (br s, 2H, Nb exchangeable with M), 5.36 (s; 2H; CH), 7.03-7.78 (m; 4H; €H4) 13.43-14.06
(br s, 1H, NH). EI-MS:m/z 294.05 M*+2, 10.21%), 293.05M*+1, 13.27%), 292.05M*,83.88%), 64.00
(100.00%). Anal. Calc. (%) for @H:.NeS,: C, 45.19; H, 4.14; N, 28.74; Found: C, 45.42:4H,4; N, 28.97*C-
NMR (APT) (100 MHz,5 ppm DMSQdg): 15.12 (SCH), 38.65 (NCH), 110.25 — 122.22 (CH of benzimidazole),
136.87 & 143.35 (C of benzene ring of benzimidaydld8.04 (C-S of imidazole), 153.35 & 167.35 (Qridzole).

2.1.4. 3-((2-(methylthio)-1H-benzo[d]imidazol-1-yl)meth)(4-(un)substituted phenyl)-7H-[1,2,4]triazolo {3
b][1,3,4]thiadiazinelOa-c

A mixture of 4-amino-3-((2-(methylthio)-1H-benzofdiidazol-1-yl)methyl)-1H-1,2,4-triazole-5(4H)-thien
compound(9), (0.001mole, 2.92g), appropriate phenacyl bromi@e801mole) and sodium acetate (0.006 mole,
0.5g) in absolute ethanol (25 ml) was heated uneftux with stirring for 10-12 h. The mixture théeft to cool,
concentrated, under vacuum then filtered, driedrandystallized from ethanol.

2.1.4.1.3-((2-(methylthio)-1H-benzo[d]imidazol-1-yl)meth@phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4] thiadidrne
10a

White crystals, m.p. 242-244 °C, yield 75.2%, IRB(KO (cm®) 1610, 1520, 1459, 1446 (C=N & C=CIH-NMR
(60 MHz, CDCHDMSO-ds 4:1): 2.76 (s; 3H; SCH), 4.10 (s; 2H; SCh), 5.66 (s; 2H; NCH), 7.06 - 8.10 (m; 9H;
CsHs & CgHs). Anal. Calc. (%) for GH1eNeS,: C, 58.14; H, 4.11; N, 21.41; Found: C, 58.384H.9; N, 21.60.

2.1.4.2. 6-(4-chlorophenyl)-3-((2-(methylthio)-1H-benzo[d]aazol-1-yl)methyl)-7H-[1,2,4]-triazolo[3,4-
b][1,3,4]thiadiazine10b

White crystals, m.p. 212-214 °C, yield 40.7%, IRB¢(KO (cmi') 1587, 1556, 1493, 1458, 1447 (C=N & C=C}H-
NMR (60 MHz, CDCYDMSO-ds 4:1): 2.76 (s; 3H; SCH), 4.06 (s; 2H; SCh), 5.61 (s; 2H; NCH), 7.03 - 8.00 (m;
8H; 2GH,). Anal. Calc. (%) for GH;sCINgS,: C, 53.45; H, 3.54; N, 19.68; Found: C, 53.603t50; N, 19.94.

2.1.4.3. 3-((2-(methylthio)-1H-benzo[d]imidazol-1-yl)meth@)p-tolyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiaine
10c

White crystals, m.p. 151-153 °C, yield 62.0%, IRB¢Kv (cm?) 1606, 1589, 1479, 1463, 1444 (C=N & C=CH-
NMR (60 MHz, CDC}): 2.41 (s; 3H;p-CsH,CHs), 2.76 (s; 3H; SCH), 3.83 (s; 2H; SCh), 5.60 (s 2H; NCBh),
7.00 - 7.86 (m; 8H; 2&,). EI-MS: m/z 408.10 17+2, 1.17%), 407.24M*+1, 1.61%), 406.22\*,6.85%), 91.10
(100.00%) Anal. Calc. (%) for H1gNeS,: C, 59.09; H, 4.46; N, 20.67; Found: C, 59.35:4t51; N, 20.88%C-
NMR (APT) (100 MHz,5 ppm CDC}): 15.28 (S-CH), 21.58 p-CHjz), 23.34 (S-CH), 38.53 (N-CH), 109.87 —
129.72 (aromatic CH), 130.11 — 153.96 (aromatideyuary C).

2.1.5. 4-(4-(un)substituted  benzylideneamino)-3-((2-(migtig)-1H-benzo[d]imidazol-1-yl)methyl)-1H-1,2,4-
triazole-5(4H)-thionella-f

To a solution of 4-amino-3-((2-(methylthio)-1H-befd]imidazol-1-yl)methyl)-1H-1,2,4-triazole-5(4HRione,
compound9 (0.005 mole, 1.46 g) in glacial acetic acid (20,rttle appropriate aryl aldehydes (0.005 mole) were
added. The reaction mixture was heated under refitix good stirring for 10 h, then left to cool apdured onto
(40 ml) cold water. The precipitated product wétetfed, dried and recrystallized from ethanol.

2.1.5.1.4-(benzylideneamino)-5-((2-(methylthio)-1H-benzafdfiazol-1-yl)methyl)-4H-1,2,4-triazole-3-thidla
White crystals, m.p. 219-221 °C, yield 73.0%, IRB(K0 (cm’) 3434 (NH); 1610, 1571, 1499, 1480, 1463, 1444
(C=N & C=C);'H-NMR (60 MHz, CDCYDMSO-ds 1:1): 2.70 (s; 3H; SCH, 3.26 - 5.10 (br s, 1H, NH%.46 (s;
2H; NCH,), 6.90 - 8.00 (m; 9H; &4 & CeHs) 10.25 (s; 1H; CH=N). EI-MSm/z(%): 380.02 i1*,0.96%), 57.11
(100.00%). Anal. Calc. (%) forgH1sNeS,: C, 56.82; H, 4.24; N, 22.09; Found: C, 56.594t88; N, 22.34.

2.1.5.2. 4-(4-chlorobenzylideneamino)-5-((2-(methylthio)-belrzo[d]imidazol-1-yl)methyl)-4H-1,2,4-triazole-3-
thiol 11b

White crystals, m.p. 236-238 °C, yield 40.3%, IRB¢K0 (cm) 3419 (NH); 1592, 1561, 1505, 1479, 1463 (C=N &
C=C); 'H-NMR (60 MHz, CDCYDMSO-dg 4:1): 2.73 (s; 3H; SCH), 5.50 (s; 2H; NCh), 6.90 - 8.00 (m; 8H;
2CsH,), 10.60 (s; 1H; CH=N), 14.18 (br s, 1H, NH). An@klc. (%) for GgH1sCINeS,: C, 52.10; H, 3.64; N, 20.25;
Found: C, 52.41; H, 3.78; N, 20.47.

2.1.5.3. 4-(4-methylbenzylideneamino)-5-((2-(methylthio)iéhzo[d]imidazol-1-yl)methyl)-4H-1,2,4-triazole-3-
thiol 11c

White crystals, m.p. 222-224 °C, yield 68.1%, IRB(Kv (cm™*) 3430 (NH); 1603, 1498, 1480, 1465, 1447 (C=N &
C=C); '"H-NMR (60 MHz, CDCYDMSO-d; 4:1): 2.50 (s; 3Hp-CsH4,CH3), 2.80 (s; 3H; SCH), 5.56 (s; 2H; NCH),
7.00 - 8.00 (m; 8H; 2¢H,), 10.25 (s; 1H; CH=N), 13.73 - 14.23 (br s, 1H,)NAnal. Calc. (%) for &H1sNeS,: C,
57.84; H, 4.60; N, 21.30; Found: C, 58.09; H, 418221.48.
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2.1.5.4. 4-(4-methoxybenzylideneamino)-5-((2-(methylthio}dgtzo[d]imidazol-1-yl)methyl)-4H-1,2,4-triazole-3-
thiol 11d

White crystals, m.p. 231-233 °C, yield 66.0%, IRB(Kv (cm™) 3415 (NH); 1604, 1567, 1514, 1480, 1465 (C=N &
C=C); '"H-NMR (60 MHz, CDCYDMSO-ds 1:1): 2.70 (s; 3H; SC}), 3.86 (s; 3H; OCH), 5.45 (s; 2H; NCH), 6.70

- 7.90 (m; 9H; 2@H, & NH), 9.96 (s; 1H; CH=N). Anal. Calc. (%) for;§H:sNsOS;: C, 55.59; H, 4.42; N, 20.47;
Found: C, 55.73; H, 4.49; N, 20.65.

2.1.5.5.5-((2-(methylthio)-1H-benzo[d]imidazol-1-yl)methy)(4-nitrobenzylideneamino)-4H-1,2,4-triazole-3eth
11e

Yellow crystals, m.p. 234-236 °C, yield 62.2%, IRBf) v (cm®) 3435 (NH); 1612, 1579, 1478, 1462 (C=N &
C=C); 1522, 1348 (N§; "H-NMR (60 MHz, CDCYDMSO-ds 1:1): 2.71 (s; 3H; SCH), 5.60 (s; 2H; NCH), 7.00 -
8.53 (m; 9H; 2€H,& NH), 10.80 (s; 1H; CH=N). EI-MSm/z(%): 427.16 K" +2, 2.78%), 426.15M " +1, 5.48%),
425.14 \*,23.26%), 163.09 (100.00%). Anal. Calc. (%) fagGsN;0,S,: C, 50.81; H, 3.55; N, 23.04; Found: C,
51.13; H, 3.66; N, 23.19.

2.1.5.6. 4-((3-mercapto-5-((2-(methylthio)-1H-benzo[d]imidd&A -yl)methyl)-4H-1,2,4-triazol-4-ylimino) methyl)
phenol11f

White crystals, m.p. 206-207 °C, yield 40.0%, IRB¢Kv (crmit) 3408 (OH); 3153 (NH); 1595, 1513, 1479, 1446
(C=N & C=C);'H-NMR (60 MHz, CDCYDMSO-ds 3:1): 2.73 (s; 3H; SCH, 5.46 (s; 2H; NCH), 6.66 - 7.90 (m;
10H; 2GH,, OH & NH), 9.83 (s; 1H; CH=N). Anal. Calc. (%) fd;sH:6NsOS: C, 54.53; H, 4.07; N, 21.20;
Found: C, 54.80; H, 4.11; N, 21.46.

N N
CSZ+KOH N\ R'X + KOH N\
SH - SR!
NH, ethanol reflux ]T ethanol, r.t ]|\]
1 H H
2a-c

BrCH,COOCH; Oi \ g NHNH:HO N\ "
> _— >

K,CO;3, acetone, reflux ethanol, r.t

3a-¢c O da-c 0
R'= CH3, CH,-ph, -CH(CH),

Scheme 1: Synthetic route of compounds 1, 2a-c, 8and 4a-c

o] N ]
R? \>7$R' R
R} N H

ethanol, glacial acetic acid, reflux 4 h \\ﬁN\N R?

Sal6al7al

& ©i N—sr!

N

Oi \>7$R' glacial acetic acid, reflux 5 h N\
2

N/
-
(1) CS,, KOH, ethanol, rt, 16h N
(2) NH,NH, H,0, efhanol, reflux 2 h \\(N/\Q{

N

/
ERRTAN S

[0}

R'= CHs, CHy-ph, -CH(CH),; R’>= -H, -Cl, -NO,, -OH, -CH,, -OCHs; R*= -H, -CH;
Scheme 2: Synthetic route of compounds 5a-l, 6afla-l, 8a-c and 9
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J\@ Qw

ethanol, sodiumacetate, reflux 12 h

\\</N\NH 10a-c
— x

glacial acetic acid, reflux 12 h /N
N S
\
R2
11a-f

RP= -H, -Cl, -NQy, -OH, -CH, -OCH;; X= -H, -CI, -CHs
Scheme 3: Synthetic route of compounds 10a-c andati

2.2. Anti-inflammatory activity:

2.2.1.In vivo anti-inflammatory activity:

The rat paw thickness was measured with a digieah\r calliper (SMIEC, Shangahai, China). Maleladlbino
rats were obtained from the animal house, EGY \fecocCompany, Helwan, Egypt. Indomethacin (INM)
(Liometacin® vial, Nile Company, Egypt), carrageer(®igma, USA), sodium carboxymethylcellulose (NaCM
(El Nasr Pharm. Company, Egypt) and normal saldméttahedoon Pharma Company, Egypt) were obtaireed
the local market. Animals were housed in separates, 3 animals each, in temperature-controllechsoat 25°C.
Animals were allowed free access to food and weter maintained at a 12 h light/dark cycle. Work wasducted
in accordance with the internationally acceptedgpiles for laboratory animals' use and care asdoin the
European Community Guidelines [28] and InstitutioBghical Committee Approval was obtaineflhe anti-
inflammatory activity of all newly synthesized cooynds ba-I, 6a-l, 7a-I, 8a-c, 9, 10a-@and 1la-f) was
determined according to paw induced edema meth®d3(@ in comparison to INM as a reference druge Tdst is
based on the pedal inflammation in rat paws indungdubplantar injection of carrageenan suspen@id¢hml of
1% solution in normal saline) into the right hindwp of the ratsMale adult albino rats (120-150 g) were divided
into groups, each of four animals, they were deldibitum with rodent’s chow and allowed free access tokiinig
water. The thickness of rat paw was measured befodelh after carrageenan injection to detect #meageenan
induced inflammation. Test compoundsa{l, 6a-l, 7a-l, 8a-c, 9, 10a-and 11la-f) and INM at a dose of 0.02
mmol/Kg were suspended in 1% NaCMC in normal sali®aspensions were injected intraperitoneal (itp.)
different groups of rats. Control group receivededicle (1% NaCMC solution in normal saline), whitference
group received INM i.p. at 0.02 mmol/Kghe difference between the thicknesses of the tawespwas taken as a
measure of edema. The measurement was carriedt dus,a1.0, 2.0, 3.0 and 4.0 h after injection loé test
compounds, reference drug, and control. The peagestof edema inhibitioMable 1 were calculated according to
the following equation [29,30]:

(VR VL) controk- (VR -V, ) treated

% Edemanhibition= x100

(VR -V, ) control

Where, \&: Average right paw thickness, VAverage left paw thickness.
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Table 1: Percentage of edema inhibition of compoursd(5a-I, 6a-l, 7a-l, 8a-c, 9, 10a-c and 11a-f) aimdlomethacin on carrageenan
induced paw edema in rats

Compd. Edema inhibition (%)

No. 0.5h 1h 2 h 3h 4 h
Negative _ _ _ _
Control

Indomethacin  41.32 4577 65.71 75.42 77.23

5a 13.10 19.10 15.89 16.32 16.38
5b 7.71 20.14 2477 4817 22.28
5c 10.78 17.76 23.76 52.27 4541
5d 9.06 15.09 23.90 4048 53.24
5e 2.33 18.36 31.70 37.03 42.10
5f 794 1925 40.80 43.28 45.19
5g 4.72 20.73 27.37 2359 2371
5h 16.77 2281 17.98 2574 1545
5i 15,57 19.92 40.87 41.77 38.44
5 16.70 25.93 29.82 32.00 33.98
5k 17.89 27.05 4470 50.69 56.54
5l 6.22 32.62 47.15 59.46 46.92
6a 1468 4094 33.87 33.79 13.01
6b 6.82 2244 2585 31.35 39.16
6C 9.21 32.17 1423 1345 10.71
6d 17.74 19.10 4297 63.05 43.11
6e 11.68 37.60 19.79 19.56 14.59
6f 17.82 37.30 46.29 33.15 11.79
69 21.64 4310 4585 5356 50.87
6h 19.17 4220 60.29 60.68 63.15
6i 10.11 29.28 40.15 43.71 39.16
6j 18.94 46.96 5055 32.86 23.86
6k 929 2527 29.25 26.60 13.65
6l 20.74 37.15 31.77 2315 2113
7a -3.82 16.35 4751 56.37 57.12
7b 1595 42.06 49.68 68.88 60.35
7cC 11.23 1858 33.65 57.95 70.77
7d 17.15 29.28 38.63 56.65 50.00
7e 13.70 3195 37.19 43.86 50.65
7f 23.81 25.64 5199 65.07 79.67
79 5.69 32.99 4376 58.02 68.61
7h 17.89 2541 37.41 47.74 64.66
7i 584 2348 2181 25.81 32.69
7 13.78 24.89 30.55 20.78 18.18
7k 13.78 15.31 26.00 49.25 63.80
71 0.23 -0.53 5.28 2.74 2.09

8a 9,51 2957 29.17 20.35 5.97

8b 25.00 46.07 35.17 2531 1250

8c 1468 35.37 2845 17.83 11.14

9 24.03 20.66 20.65 20.42 19.98

10a 20.66 30.17 36.90 24.02 13.08

10b 35.71 67.17 39.50 35.88 29.03

10c 39.53 56.02 46.21 45.37 35.92

1lla 6.59 56.77 46.94 26.46 19.40

11b 2224 41.09 40.15 33.94 29.96

11c 2478 2274 2203 2143 12.65

11d 1146 42.87 4224 2272 1351

1lle 17.15 52.01 4990 32.93 28.67

11f 30.17 70.58 39.14 2790 26.51

2.2.2. Cyclooxygenase Inhibitory Studies:

Cyclooxygenase inhibition studies were carried atuthe department of biochemistry, faculty of madi¢c Cairo
University, Cairo, EgyptSynthesized compounds that showed higimegivo anti-inflammatory activity were tested
for their ability to inhibit ovine COX-1 and humaacombinant COX-2Table 2, using a COX inhibitor screening
assay kit (Catalog No. 560131, Cayman Chemical, Ambor, MI, USA) according to the manufacturer's
instructions.Cyclooxygenase catalyzes the first step in theyitesis of arachidonic acid (AA) to PGHPGR,,
produced from PGHby reduction with stannous chloride, is measurgérnryme immunoassay (ACE competitive
ElA). Stock solutions of test compounds were digsdlin a minimum volume of DMSO. Briefly, to a seiof
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supplied reaction buffer solutions (960 pL, 0.1 kisTHCI pH 8.0 containing 5 mmole EDTA and 2 mmpleenol)
with either COX-1 or COX-2 (10 uL) enzyme in theepence of heme (10 uL); 10 pL of various concentratof
test drug solutions (0.001, 0.01, 0.1, 1, 10, 1 %00 umole in a final volume of 1 ml) was addEdese solution
were incubated for a period of 2 min at°&7after which 10 pL of AA (100 uM) was added, ahd €OX reaction
was stopped by the addition of 50 pL of 1 M HCleaf2 min. PGE, produced from PGHby reduction with
stannous chloride, was measured by enzyme immuaypddss assay is based on the competition betw&mnand
a PG-acetylcholinesterase conjugate (PG traceg fionited amount of PG antiserum. The amount oftRGer that
is able to bind to the PG antiserum is inverselypprtional to the concentration of PGs in the wsllsce the
concentration of the PG tracer is held constanientfie concentration of PGs varies. This antibo@yddmplex
binds to a mouse antirabbit monoclonal antibody tizal been previously attached to the well. Théepglwashed
to remove any unbound reagents and then Ellmarég &, which contains the substrate to acetylcastarase, is
added to the well. The product of this enzymatacten produces a distinct yellow color that absceib405 nm.
The intensity of this color, determined spectrophwtrically, is proportional to the amount of P@cr bound to
the well, which is inversely proportional to the amt of PGs present in the well during the incudbatabsorbance
a [bound PG tracerh 1/PGs. Percent inhibition was calculated by coispar of compound treated to various
control incubations. The concentration of the tEshpound causing 50% inhibition @& pmole) was calculated
from the concentration-inhibition response curvep{ttate determinations).

Table 2:In vitro ovine COX-1 and human recombinant COX-2 enzymes hibitory activities of tested compounds

Compound COX-11C5y COX-2 ICsp

*
number (umole) (umole) COX-2 S|
Celecoxib 14.80 0.05 296.00
diclofenac sodium 3.90 0.80 4.87
Indomethacin 0.039 0.49 0.08
6h 8.22 0.51 16.11
7a 3.41 0.64 5.33
7c 7.91 0.33 23.96
7f 5.41 0.67 8.07
79 2.98 0.39 7.64
7h 4.11 0.81 5.07
7k 2.51 0.49 5.12
10b 6.74 0.93 7.24
10c 8.22 0.28 29.35
11f 5.33 0.32 16.65

* In vitro COX-2 selectivity index (COX-1 4ICOX-2 1Gyg). The in vitro test compound concentration reqaiite produce 50% inhibition of
ovine COX-1 or human recombinant COX-2. The re0k, pmole) is the mean of two determinations acquirgdg the enzyme immunoassay
kit (Catalog No. 560131, Cayman Chemicals Inc., Arivor, Ml), and the deviation from the mean is 440f the mean value.

2.3. Molecular docking

Molecular modelling and docking simulation studie®re carried out at the Department of Pharmacdutica
Medicinal Chemistry, Faculty of Pharmacy, Assiutiiémsity; on a Processor Intel(R) Core(TM) i7-26 \@PU

@ 2.20GHz, 8 GB Memory with Microsoft Windows 8.6of{64 Bit) operating system using Molecular Opiexat
Environment [31] (MOE 2014.0901, 2014) as the cotaional software. All energy minimization were foemed
with MOE until a RMS gradient of 0.00001 Kcal/mol&hd RMS distance of 0.05 A with MMFF94x force-fiel
[32] were attained and the partial charges wereraatically calculated. The X-ray crystallographteusture of
murine COX-2 complexed with INM (PDB ID: 4COX) wabtained from protein data bank. The enzyme was
prepared for docking studies where: i) Proteincitmes were repaired to ascertain the health ofepraising
structure preparation command and appropriatelyopeded in the presence of ligands using the Pat¢oB8D
process in MOE. ii) Ligand molecules were remowvexinf the enzyme active site and the receptor (Einsin) was
kept. iii) MOE Alpha Site Finder was used for thaiee sites search in the enzyme structure and duatoms
were created from the obtained alpha spheres. g dbtained model was then used in predicting itend-
enzyme interactions at the active site. v) The pese for each ligand was explored using LigX tool.

RESULTS AND DISCUSSION

3.1. Chemistry:

The synthetic procedures adopted to obtain theetazgmpounds are outlined Bchemes 1, 2and 3. The key
precursors 2-(2-(substitutedthio)-1H-benzo[d]imiolak-yl)acetohydrazidegta-c were synthesized according to
reported method [25]. The target compounds acetalzgthes(5a-I, 6a-l, 7a-l)were synthesized by condensation
of compoundg4a-c) respectively with one equivalent (un)substitutedaldehydes or acetophenones as illustrated
in Scheme 2.The structures of compoundSa-l, 6a-I, 7a-) were elucidated by IR antH-NMR as well as
elemental analyses. The IR spectra of compo(bad, 6a-l, 7a-l)showed the disappearance of (-)lHands and
displayed strong stretching absorption bands a632180 crit and 1698 -1674 cinfor the NH and amidic C=0O
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groups, respectively'H-NMR spectra of compound$a-l, 6a-l, 7a-l) revealed disappearance of Nbignal of
hydrazide structure and ensured an increase inirttegration of aromatic protons due to the addilon
benzaldehyde or acetophenone moieties. Some of thera further confirmed by mass spectral analyfs,
example, mass spectrum of compofidevealed the molecular ion peak at 340.00 (21.7€8f)esponding to it's
relative molecular mass (340.40) and a base pe&k.@d (100.00%) for Phenyl cation. In additiorstibwedV " +2

at 342.00 (8.84%). Acetohydrazidés-c were reacted with equimolar amount of phthalicyainide in acidic media
to give 1,3-dioxoisoindolines derivatives, compaosifid-¢ as illustrated irSscheme 2 The structures of compounds
8a-cwere confirmed by spectral data and elemental oakstiof analysis. IR spectra of compouBdsc showed the
absence of (-Nb) band; instead they showed characteristic stretchands for (-NH) group at 3147 - 3100%rin
addition to presence of two to three characterittietching bands for (-C=0) groups at 1796 - 1698. 'H-NMR
spectrum showed the disappearance of gNijnal and ensured an increase in the integrati@aromatic protons
due to the additional phthalic anhydride moietye@ithem was further elucidated by mass speatialyais. Mass
spectrum of compoun@a revealed the molecular ion peak at 365.95 (63.18®&fjesponding to it's relative
molecular mass (366.08) and a base peak at 20408600%) for 1™ - C;gHgN,O,). In addition, it showed*+2

at 367.95 (5.13%). Compour(d), 1,2,4-triazole derivative was prepared by condémsaif acetohydrazid¢4a)
with carbon disulfide in ethanolic potassium hyddexto yield potassium dithiocarbazate salt whickswyclized
by heating under reflux with hydrazine hydrate ffora the triazole compounb); as shown irScheme 2 The
structure of compoun(P) was verified by spectral data as well as elemeamalysis. IR spectrum of compou(®)
showed two bands at 3435 and 3319"ctue to (-NH) and (-Nb stretching absorption band and absence of
absorption bands around 1662 tdue to carbonyl group of hydrazide. Also the spentexhibited a band at 2795
cm* for (-SH) group and a strong stretching band @#1@m* (-C=S) (thiol-thione tautomers)H-NMR spectrum
of compound9) exhibited a new singlet signal appeared &06 ppm (exchangeable with®) due to (-NH) of
triazole ring integrating for two protons and admaignal ab 13.43 - 14.06 ppm due to exchanged (-NH) proton of
triazole ring. Mass spectrum of compou®di displayed the molecular ion peak at 292.05 (83.888#responding to
it's relative molecular mass (292.38) and a basé& pe64 (100.00%) for,SIn addition, it showed*+2 at 294.05
(10.21%). For further verification of the structuoé compound(9), **C-APT spectrum was then recorded to
differentiate among methyl, methylene, methine, quaternary carbons. In the APT spectrum; methglraethine
carbons are positive (up; in the other side), arthglene and quaternary carbons are negative (diowhe solvent
side). ®C-APT spectrum in DMS@s showed 15.12 (SGH 38.65 (NCH), 110.25 — 122.22 (CH of
benzimidazole), 136.87, 143.35 (C of benzene ringeonzimidazole), 148.04 (C-S of imidazole), 153.867.35 (C
of triazole). Cyclization of compoun(®) with phenacyl bromides in ethanol in presence asalgtic amount of
sodium acetate to afford [1,2,4]triazolo[3,4-b][¥Bhiadiazine derivatives, compoun{kla-c} as presented in
Scheme 3 Structures of compoundd0a-c) were elucidated by spectral and elemental metloddmalysis. IR
spectra of compoundd0a-c) showed disappearance of (-BHind (-NH) bands of triazole ring4-NMR spectra
was devoid of broad signals of (-MHand (-NH) of triazole; instead; a new singletrsijappeared &t 3.83 - 4.10
ppm of (-CH) of the formed thiadiazine ring integrating foratyrotons. Also the spectra showed an increadwein t
integration of aromatic protons due to the addalgrhenacyl bromides moieties. Mass spectrum ofpmamd(10c)
revealed the molecular ion peak at 406.22 (6.858fesponding to it's relative molecular mass (406ahd a base
peak at 91.10 (100.00%) for tropyllium catiofC-APT spectrum in CDGlof compound10c) displayed 15.28 (S-
CHs), 21.58 p-CHs), 23.34 (S-CH), 38.53 (N-CH), 109.87 — 129.72 (aromatic CH), 130.11 — 153&®r(atic
quaternary C). Compounddla-f), hydrazones derivatives were prepared by reaatioicompound(9) with
equimolar amount of (un)substituted benzaldehydssijlustrated infScheme 3 Structures of compound4la-f)
were verified by spectral and elemental analystsspectra showed the disappearance of {Nidnd of compound
(9). Also the spectra exhibited a band at 2725 - 2881 for (-SH) group and a strong stretching band @212
1247 cmi (-C=S) (thiol-thione tautomers)H-NMR spectra showed the absence of (;Nband of compoun¢®);
instead; it showed a new singlet signal of the aatbime (-N=CH-) group ai 9.83 - 10.80 ppm integrating for one
proton. Mass spectrum of compouid e)exhibited the molecular ion peak at 425.14 (23.26&tresponding to it's
relative molecular mass (425.07) and a base peb&3a09 (100.00%) folM ™ - C,gHgN50,S).

3.2. Biology:

3.2.1.In vivo anti-inflammatory activity:

In the present work, the newly synthesized compsybaH, 6a-I, 7a-1, 8a-c, 9, 10a-@and11a-) were evaluated for
theirin vivo anti-inflammatory activitypy using carrageenan induced paw edema bioassaglérats using INM as
a reference drug [29,30]. Results were present@grmentage of edema inhibition at a dose of 28lgfg at time

intervals 0.5, 1.0, 2.0, 3.0 and 4.0Trgbles 1 The obtained results of the anti-inflammatoryi\dist of the tested

compounds could be related to their structural fications and variations, taking percentages agtirelative to

INM after 1-4 h intervals as a criterion for asseest of the tested compounds relative to INNjures 1. The data
mentioned below is about the maximum inhibitoryiagt reached by different classes of the testethpounds.

The anti-inflammatory activity results revealedtthH the tested compounds showed a gradual inerefthe anti-

inflammatory activity up to its maximum after 1 kcept compoundssp-f, 5i, 5k-I, 6b, 6d, 7a-d, 7f-h and 7k-I).

224



Olal. A. Salemet al Der Pharma Chemica, 2016,8 (17):213-231

Compounds gf, 5i and 7l) exhibited their highest effect at 2 h, while caapds bb-c, 5I, 6d, 7a-b and 7d)
revealed their maximum inhibition of edema at 2h.the other hand, compoundsl{e 5k, 6b, 7c, 7f-h and7k)
displayed their maximum inhibition after 4 h. Rasulf the anti-inflammatory activity of hydrazonerivatives5a-I
(R* = CH) showed that compounds-f (R? = H) and5i-I (R* = CH) (R* = CHs, OCH;, NO,, OH respectively) had
moderate anti-inflammatory activity relative to INM4.00 - 73.21%) after 4 h intervalSigure 1. Compoundbk
(R*> = CH;, R® = NO,) was the most potent hydrazone derivative in #gsies that exhibited 73.21% anti-
inflammatory activity of INM at the same time intat. Also, it's noteworthy to mention that compoBiqR? =
CHs, R® = OH) showed 78.84% relative to INM after 3 h in. Moreover, Most of hydrazone seriga-f (R! =
isopropyl, B = H) revealed significant anti-inflammatory actijvicompounds g, 6¢, 6e and6f) (R® = H, CH;,
NO,, OH respectively) exhibited 89.45, 70.29, 82.18 8t4.49% respectively anti-inflammatory activityatéve to
INM at 1 h interval;Figure 1. It is important to mention that the highest anfiammatory activity for compound
6d is reached after 3 h since it displayed 83.59%-iafiammatory activity relative to INM at the santame
interval. On the other hand, condensation of ageh@zide moiety with (un)substituted acetophen@oempounds
6g-1 (R’ = CH;, R* = H, Cl, CH;, OCH,;, NO,, OH respectively) resulted in more active compautitan those
containing an azomethine —N = CH- group; compowaié The most potent compounds weée, (6h and6él) (R®

= H, Cl and OH respectively) that exhibited % anflammatory activity (94.17, 92.20 and 81.17% exgjvely)
that was comparable to that of INM after 1 h ingérwvhile compoundsj (R* = OCH;) surpassed the activity of
INM giving 102.60% anti-inflammatory activity relaé to INM at the same time intervaligure 1.
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Figure 1: % Anti-inflammatory activity relative to INM of compounds (5a-l, 6a-1, 7a-l, 9, 10a-c, 11aaind INM) on induced paw edema.

Furthermore, the anti-inflammatory activity enhatheearkedly in case of hydrazone derivatiVesf (R* = benzyl,

R? = H), as they exhibited anti-inflammatory activitgnging from (64.00 - 103.16%) after 4 h relatieelNM;
Figure 1. The most potent compounds wé&e(R® = CH;) and 7f (R® = OH) that exhibited 91.64% and 103.16%
anti-inflammatory activity respectively relative tioat of INM at the same time interval. Howeveplaeement of H
with CH; group in the azomethine moiety as shown in com@sidg-l, decreased the activity markedly except for
compounds/g, 7h and7k (R® = H, Cl, NG, respectively) that displayed 88.84%, 83.72% anéB% respectively
anti-inflammatory activity relative to INM after 4; Figure 1. Regarding the above observations, it could be
concluded that the best results for hydrazone sedempounds 5@-I, 6a-1 and 7a-l) were found when S-
aralkylation of benzimidazole by benzyl group wasfprmed. This indicates the importance of the gmes of a
bulky lipophilic aryl moieties at 2-position of kEmidazole to enhance the anti-inflammatory acfiwit this class

of compounds. Condensation of acetohydrazide moiatly phthalic anhydride; compound8atc) resulted in
moderate to high anti-inflammatory activity (64.600.66%) relative to INM after 1 h interval. The shpotent one
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was compound@b (R! = isopropyl-) that displayed 100.66% of INM at t&me time intervaFigure 1. Similarly,
cyclization of acetohydrazide moiety to 1,2,4-takz9 had non-significant activity (45.14%) after 1 hateve to
INM; Figure 1. On the other hand, condensation of 1,2,4-triandtle phenacyl bromides to afford 1,3,4-thiadiazine
derivatives 10a-c gave promising anti-inflammatory activity comparéal INM after 1 h (65.91 - 146.75%)
especially compounds0b and10c (R® = CI, CH; respectively) that showed anti-inflammatory atyivsurpassing
the activity of INM to a large extent (146.75% aizP.39% respectively) anti-inflammatory activityatdve to INM

at the same time intervatigure 1. So; this means that these compounds are conditlefeave rapid onset of anti-
inflammatory activity. likewise, introduction of iijsubstituted arylmethylidene moieties to 1,2,4#ole to afford
compounds {1a-) (R® = H, CI, CH, OCHs;, NO,, OH respectively) exhibited potent anti-inflammgtactivity
after 1 h relative to INM (89.77 - 154.21%) excémt compoundllc (R® = CH,) that showed moderate (49.68%)
anti-inflammatory activity relative to INM at theusie time interval. The most promising compoundseiég, 11e
and 11f (R® = H, NO,, OH respectively) that exhibited 124.03%, 113.63%d 154.21% respectively anti-
inflammatory activity after 1 h relative to INMEigure 1. In, general, declining of the activity of compaigriOa-c
andlla-fafter 1 h may be due to pharmacokinetic effect&lathe rat model.

3.2.2.Invitro COX-1 and COX-2 inhibitory activity:

Synthesized compounds that showed highastivo anti-inflammatory activity in each class of thesttd
compounds were tested for their ability to inhitmtine COX-1 and human recombinant COX-2 enzyimegitro
using a COX inhibitor screening assay kit (Catadg. 560131, Cayman Chemical, Ann Arbor, MI, USA)
according to the manufacturer’s instructions. Thesen compounds were (4-(un)substituted (arylmiekbye oro-
arylethylidene)acetohydrazide derivativeSh,( 7a, 7c, 7f-h, and 7k), [1,2,4]triazolo[3,4-b][1,3,4]thiadiazine
derivatives (10b and 109; and arylmethylidene[1,2,4]triazolo derivativa1f)). The efficacies of the tested
compounds were estimated as the concentrationrtpa@1% enzyme inhibition (g pmole) compared to the
reference drugs; INM, diclofenac sodium and celdzgXable 2). The results indicated that all tested compounds
exhibited moderate inhibitory activity against aiGOX-1 enzyme, however they were less active IRa (IC5o

= 2,51 - 8.22 umole vs. 0.049 pmole respectivelxcept 4-(un) substituted (arylmethylidene or
arylethylidene)acetohydrazide derivativés,(7g and 7k) that exhibited more activity to COX-1 than didofc
sodium (IGo = 3.41 pmole, 2.98 umole, 2.51 pmole vs. 3.90 emekpectively),Table 2 However, they all
showed better inhibitory profiles (k= 0.28 - 0.93 pmole) against human recombinant @3¥zyme than INM
and diclofenac sodium (k= 0.49 and 0.80 pmole respectively). Specially poumds/c, 7g, 7k, 8a, 10c and11f
that revealed superior inhibitory profiles agaimginan recombinant COX-2 as evidenced by thejs V@lues (0.33,
0.39, 0.49, 0.28 and 0.32 pmole respectively), wdwmpared with INM and diclofenac sodiuiiro further assess
the COX-2 inhibitory activity and selectivity prigfs of the tested compounds, their activity anéa#lity indices
were compared to that of INM, diclofenac sodium #mal standard COX-2 selective inhibitor, celecofilgure 2.
The study proved that all the tested compounds welective inhibitors for COX-2 (Sl = 5.07 - 29.35)ceeding
INM and diclofenac sodium (0.08 and 4.87 respebt)jveCompounds gh, 7c, 10¢ 11f) showed the highest
selectivity to COX-2 (COX-2 Sl = 16.11 - 29.39n conclusion; the [1,2,4]triazolo[3,4-b][1,3,4]ddiazine
derivative, compoundOc (R® = CH), was the most potent COX-2 inhibitor (i 0.28 pmole) among the tested
compounds with approximate selectivity ratio of2®.that was higher than INM and diclofenac sod{@®X-2 Sl

= 0.08 and 4.87 respectively). Conversely, the,ftazolo[3,4-b][1,3,4]thiadiazine derivative, mpound10b (R

= Cl), displayed lower inhibitory activity and set&ity towards COX-2 than it's above mentionedlagae (1G, =
0.93 umole; COX-2 S| = 7.24). Additionally, the bmgthylidene acetohydrazide derivative, compoiodR® =
benzyl-, R = H, R = CH,), demonstrated both remarkable COX-2 potency aecsvity (ICs, = 0.33 umole,
COX-2 Sl = 23.96). Furthermore, both the arylmetisme 1,2,4-triazolo derivative, compouhif (R* = OCH),
and the arylethylidene acetohydrazide derivativenmound6h (R® = CH;, R® = Cl) showed aconsiderable
equipotent selectivity to COX-2 (kg= 0.32 umole, 0.51 umole, COX-2 Sl = 16.65, 16dspectively). Moreover,
in parallel to the results of tha vivo anti-inflammatory assay, the arylmethylidene alegtivazide derivatives,
compound7f (R* = benzyl, B = H, R = OH), and arylethylidene acetohydrazide deriwgtisompound’g (R* =
benzyl, B = CH,, R® = H), displayed higher COX-2 inhibition propertiesmpared to that of diclofenac sodium
(ICsp = 0.67 pmole, 0.39 pmole vs. 0.80 pmole, COX-2 8107, 7.64 vs. 4.87 respectively). Also, resshliewed
that the hydrazone derivatives'(R benzyl) compoundga (R? = H, R = H), 7h (R* = CH,, R° = Cl), and7k (R? =
CHs, R* = NO,) revealed approximately equipotent selectivitydots COX-2 enzyme (COX-2 S| = 5.33, 5.07 and
5.12 respectively) but taking into consideratioatthompoundrk had higher inhibitory activity towards COX-2
(|C50 = 049)
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Figure 2: COX-2 selectivity index of the tested copounds and the reference drugs (INM and diclofenasodium).

3.3. Molecular docking

Docking of the newly synthesized compoun8s-(, 6a-l, 7a-l, 8a-g 9, 10a-g 11la-g to COX-2 were made to
rationalize the obtained biological results. Thedig affinity of the docked molecules was evaldaby (S)
kcal/mol. It was found that most of the newly sadtzed compounds showed good binding to COX-2 edite.
Amino acid Arg120 was found to have an importarle rim the hydrogen bond interaction of the mosivact
synthesized compounds towards COX-2 active sitehvls in agreement with the reported data [33hddition to
the presence of hydrophobic interactions with thalrbphobic cleft of COX-2 enzyme. Acetohydrazones
compoundsZa-l, 6a-l, 7a-) showed complete alignment into COX-2 active wsitth binding scores ranging from -
12.00 to -14.80. The best binding scores weredampounds/a-l (-13.51 to -14.80) compared to other analdgs!(
and 6a-l) which augments with their high anti-inflammataagtivity relative to INM. All compounds exhibited
hydrogen bond interaction of C=0 group with guamiigin moiety of Arg 120 (2.28 A — 3.35 A) which meathat
this type of binding is essential to give anti-imfimatory activity in this class of compounds exaephpound$a,

5d and5f that showed binding of C=0 group with hydroxylesichain of Ser 530 (2.47 A and 2.60 A) and hydroxyl
side chain of Tyr 355 (2.45 A) respectively. Morenwigand sulfur atom displayed hydrogen bondraxtgon with
either Met 522 (3.72 A) in compoursd, Glu 524 (3.75 A, 3.66 A, 3.82 A, 3.76 A) in comypals5b, 5i, 6f and 7k;
Figure 3, respectively, Arg 120 (3.51 A and 3.09 A) in caupds5f and5h respectively; or with Val 349 (4.30 A)
in compound?7j. Furthermore,acetohydrazide linkage NN- showed hydrogen bond interaction with either
hydroxyl side chain of Tyr 355 (2.75 A, 2.61 A, 2.&, 2.75 A) in compoundSg, 7¢, 7d and 7i or guanidinium
side chain of Arg 120 (2.67 A, 2.68 A) in compouldisnd7j respectivelyln addition, Imidazole nitrogen™Nvas
bounded to hydroxyl side chain of Ser 530 (2.66m¥ompoundsl; Figure 3, or guanidinium side chain of Arg
513 (2.78 A) in compoundb. Also, there were other hydrogen bond interactioetsveen the docked compounds
and the enzyme active site that varied accordintpéotype and position of substituent on the ara@mabiety: i)
NO, group in compoundSe, 5k, 6¢ 6k, 7eand7k; Figure 3, formed hydrogen bond interaction with nitrogeonat

in the indole ring of Trp 387 (3.09 A, 3.04 A 3.8 3.12 A 3.10 A, 3.09 A respectively). ii) OHayp in
compounds5f, 7f and 71 displayed hydrogen bond interaction to either B8 (2.81 A, 2.43 A, 2.56 A)
respectively or with His 90 (2.53 A) in compouBl On the other hand, Interactions other than hyemdgonding
were also observed including: i) arene-H bindingldfLigand imidazole ring with Tyr 355 (3.52 A) aompounds
5¢ 5k and7e (R® = NO,). 2) Benzene ring of binzimidazole with either &80 (4.44 A, 4.20 A) in compouné®
and 6eor Ser 353 (3.64 A, 3.62 A) in compouritis and 7g respectively. 3p-CHy(CsH.) with Gly 526 (4.35 A,
4.26 A, 4, 4.24 A) in compounds, 6cand6i (R* = CH). 4) Benzyl moiety with Trp 387 (3.82 A) in compuali7g

or with Gly 526 (4.29 A and 4.02 A) in compourittband7j (R® = OCHy). ii) Arene-cation binding of-CHs(CgH.)
with Arg 513 (4.85 A) in compoundc. It's noteworthy to mention that, most compounigsveed van der Waals'
and hydrophobic interactions with different amiredaresidues such as Leu 352, Val 349, Ala 527, 38% Phe
518, Val 523, Leu 93, Val 89 and Leu 531.
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Figure 3: A molecular modelling representation of he predicted binding poses of compounds 5I, 7k ar8b (sticks) within the binding
pocket of COX-2 (PDB: 4COX). Hydrogen bond interadbns are shown as dashed lines

(1,3-dioxoisoindolin-2-yl)acetamide derivativesngmounds8a-¢ showed high binding scores ranging from -13.08
to -14.99 that were in consistent with thiirvivo anti-inflammatory activity. All docked ligand®a-c exhibited
hydrogen bond interaction of C=0 groups of 1,3-diszindoline with guanidinium side chain of Arg 1€008 A
and 3.12 A) in compounda and8c respectively and hydroxyl side chain of Tyr 355024, 2.47 A and 2.61 A) in
compoundsBa, 8b and8c respectivelyFigure 3, which may enhance the binding of these compowitis COX-2
active site. In addition, ligand Sulfur atom showeydrogen bond interaction with Val 349 (3.74 A)dan
guanidinium side chain of Arg 120 (3.32 A) in compds 8a and 8b respectively. Moreover, compourgb
displayed hydrogen bond interaction of C=0 groumodtohydrazide moiety with guanidinium side chafirArg
120 (2.47 A) and arene-H binding of benzene ringefizimidazole with Ala 527 (3.92 A). Furthermoneost
compounds showed hydrophobic interactions withedéifit amino acid residues at the hydrophobic défthe
enzyme active site like Ser 353, Leu 531, Ala 324 352, Val 523, Phe 518, Val 116, Met 113, Sd¥ &3d Leu
359.
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Figure 4: A molecular modelling representation of he predicted binding poses of compounds 11c, 12acah2f (sticks) within the binding
pocket of COX-2 (PDB: 4COX). Hydrogen bond interadbns are shown as dashed lines

Docking of 1,2,4-triazole derivative, compouddinto COX-2 active site showed low binding scat.35 that was
in consistent with it's low anti-inflammatory adtix It exhibited hydrogen bond interaction of Nigroup with
guanidinium side chain of Arg 120 (2.64 A) and hyddl side chain of Tyr 355 (2.69 A). Interactionther than
hydrogen bonding include hydrophobic and van deaM/avere also observed with different amino aeisidues
such as Val 349, Phe 518, Leu 359 and Ala 527.didmine compound4dOa-c exhibited very good affinity to
COX-2 enzyme active site with high binding scorasging from -14.25 to -14.49 which were in agreetnwith
their high anti-inflammatory activity relative ttNM. In addition, they all exhibited hydrogen bonderaction of
ligand sulfur atom Swith guanidinium moiety of Arg 120 (3.36 A — 3.80 which may be essential to give anti-
inflammatory activity. Moreover, compound®a and10b showed hydrogen bond interaction of imidazoleagjén
N® with hydroxyl side chain of Tyr 355 (2.46 A andi2.A respectively). Also triazole Nitrogerf  compounds
10a and10c displayed hydrogen bond interaction with Val 38912 A) and hydroxyl side chain of Tyr 355 (2.75
A) respectively;Figure 4. CompoundlOb showed hydrogen bond interaction of Cl atom witul384 (2.88 A).
Furthermore, interactions other than hydrogen baméhiclude hydrophobic and van der Waals' were abserved
with different amino acid residues at the hydropbaleft of the enzyme active site such as Met 524,523, Phe
381, Trp 387, Gly 526, Phe 518, Leu 359 and Ala. 92a@reover, docked compoundda-f exhibited very good
affinity to COX-2 enzyme active site with high bind scores ranging from -13.43 to -14.18 which ware
consistent with their high anti-inflammatory activirelative to INM. It was observed that, bindinigtigazole thione
atom $ with guanidinium side chain of Arg 120 (3.53 A aBd0 A) in compounddle and 11f respectively;
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Figure 4, or with hydroxyl side chain of Ser 530 (4.15 Adah80 A) in compound$1b and11d respectively; or
with hydroxyl side chain of Tyr 355 (3.60 A and 8.&) in compoundd1eand11f respectively; or with hydroxyl
side chain of Tyr 385 (3.48 A) in compounda Figure 5, is essential for anti-inflammatory activity besau
compoundl1ic that exhibited 59.9% anti-inflammatory activitylatve to INM didn't show such interaction.
Moreover, Imidazole nitrogen™showed hydrogen bond interaction with hydroxylesihain of Tyr 355 (2.44 A
and 2.45 A) in compoundkla and11b respectively; and to Val 523 (3.21 A) in compouridi and to hydroxyl
side chain of Tyr 385 (2.90 A and 2.87 A) in compadsil1eand11f respectivelyFigure 4. Again this interaction
also didn't appear in compound4éc On the other hand, Compourddc showed hydrogen bond interaction of
triazole nitrogen R with Tyr 355 (2.37 A) and interaction of hydrazidérogen NNH with His 90 (3.58 A).
Furthermore, ligand sulfur aton?'Showed hydrogen bond interaction with Arg 120 %34 in compoundlla
Figure 4. In addition, other hydrogen bond interactionsaeetin the docked compounds and the enzyme active sit
that varied according to the type of substituenttlom aromatic moiety: i) Cl atom in compouddb showed
hydrogen bond interaction with Leu 384 (3.25 A).Gompoundl1d displayed hydrogen bond interaction of OCH
group with Arg 120 (2.89 A). Moreover, interactioather than hydrogen bonding were also observeldiding
arene-H binding of: i) Benzene ring of benzimidazulith either Trp 387 (3.61 A and 3.59 A) in compdsille
and 11f respectively or with Ser 353 (3.60 A) in compouhi ii) Triazole with either Val 349 (3.77 A) in
compoundllaor with Ser 353 (3.85 A) in compourd.c iii) Phenyl (GHs) with Gly 526 (3.82 A) in compound
1la Similarly, interactions other than hydrogen baowdiinclude hydrophobic and van der waals were also
observed. It exhibited hydrophobic interactionshwdifferent amino acid residues at the hydrophalhédt of the
enzyme active site such as Met 522, Val 523, Pie B& 387, Val 349, Gly 526, Phe 518, Leu 352 Afal527.
It's noteworthy to mention that the designed chexnicodification in the structure of the parentzdke 9 improved
the anti-inflammatory activity as well as the bimglito COX-2 active site.

CONCLUSION

The present study reported the synthesis and steuatlucidation of novel derivatives of new 2-alkgryl
substituted mercapto-benzimidazoles that incorporatylhydrazones, or hetertocyclic ring system3- 1,
dioxoisoindoline, 1,2,4-triazole, and [1,2,4]tridai®,4-b][1,3,4]thiadiazine. All compounds were essed for their
anti-inflammatory activityin vivo compared to INM. Most of the tested compoundsatdd moderate to high anti-
inflammatory activity which in some derivatives gasses that of INM to a large extent, especialigdibizine
derivatives 10b and 10c that showed anti-inflammatory activity (146.75%dai22.39% relative to INM
respectively) at the same time interval. likewiagyimethylidene 1,2,4-triazole derivativekla 11e and 11f that
exhibited anti-inflammatory activity 124.03%, 113% and 154.21% respectively after 1 h relativeN&! The
most effective derivatives1 vivo were evaluated for their COX-1/COX-2 inhibitorytiaity in vitro. All tested
compounds were effective as COX-1 and COX-2 inbibit The [1,2,4]triazolo[3,4-b][1,3,4]thiadiazineriative;
compound10c was the most potent COX-2 inhibitor g£= 0.28 umole) among the tested compounds with
approximate selectivity ratio of 29.35, that waghtdr than INM and diclofenac sodium (COX-2 S| =8ahd 4.87
respectively), which makes it a good lead-candiftatéurther optimization. A molecular docking diurevealed a
direct correlation between the docking affinity scand the biological activity.
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