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ABSTRACT

In the present communication, a series of noveR{{dgenzo[d]thiazol-2-ylthio)methyl)-1-benzyl-1HrAze[d]
imidazol-6-yl)aryl benzamides(6a-l) and 4-amino2N({(benzo[d]thiazol-2-ylthio) methyl)-1-benzyl-1ld+izo
[d]imidazol-6-yl)-5-substituted-2,3-dihydrobenzadur 7-carboxamides(7a-b) were efficiently synthekizend
evaluated for their in vitro anthelmintic and antiercular activity against Indian earthworms
(Pheretimaposthuma) and M. tuberculosis H37Rv ssraiThe results of biological study revealed that
compounds6b-c, 6g, 6k and 7a-b inhibited exceberihelmintic activity in the range of 1:45-9:35 afhd5-8:05
mean paralyzing, while compounds6b-c, 6f-h 6k aad awarded with inductively electron withdrawiniglarine
and electron donating methyl groups afforded marimMICs ranging from 1.81 to 10.92 uM against Mtb.
Compounds 7b and 6k possessed highest inhibitidhl@tof 1.81 & 2.1 uM. All the newly synthesizedlagues
were characterized by IRH NMR,*CNMR and mass spectroscopic techniques.
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INTRODUCTION

Tuberculosis (TB) is a lung infection initiated migi by Mycobacterium tuberculosis (Mtb) and is theatest
single infection cause of high mortality worldwidgccording to the latest measurements, around Romipeople
globally die annually by tuberculosis, out of whidtveloping countries have significant involvenie@ontrol and
anticipation of tuberculosis and helminthes is ajomahallenge for the development of multidrug seent
tuberculosi& Moreover, Anthelmintic or antihelminthics are gsuthat expel parasitic worms (helminthes) and
other internal parasites from the body by eithansing or killing them and without causing signifit damage to
the host. They are used to treat people or animhts are infected by helminthes. Despite the effoftacademic
institutions and pharmaceutical companies affiaringtie design, synthesis and development of neituaercular
and anthelmintic leads, the current TB and anth@imtherapeutic armory is poor. To overcome thisbpem, we
have synthesized a series of benzimidazole clubbedothiazole and dihydrobenzofuran derivatives sundening
them for their antitubercular and anti-anthelmimqdoperty.

The benzimidazole nucleus has been key pharmacemra privileged structure in medicinal chemistng as
remarkably effective compounds both with respedh@r inhibitory activity and their favorable setwity ratio®>.
Benzimidazoles are considered as a promising dbgsoactive heterocyclic compounds encompassiivearse
range of biological activities such as antioxidanantiviral, antihypertensive analgesit antiallergic®,

13
Pelagia Research Library



Mayank R. Mehtaand Satish Batra Der Pharmacia Sinica, 2015, 6(12):13-23

anticoagularit, anti-inflammatory?, antimicrobiat®, antiulcet’, antihelminthic¥and antiparasitfé. In addition, the
azole group of heterocyclic compounds observedifgignt pharmacokinetic property and lipophilicityat
influence the ability of drug to reach the targgtttansmembrane diffusion and showed promisingviggtagainst
resistant TB by inhibiting the biosynthesis of tigi’

Benzothiazole derivatives have exhibited interestiiplogical activities™®*and attracted continuing interest for
further molecular exploration as useful anticanegents®*® and also induced HepG2 cell apoptosis in \ifro
Moreover, benzofurans have been drawn as promssimgtural units in the field of medicinal chemysénd drew a
lot of attention on various pharmacological aciistlike anti-microbiaf>?’, anti-inflammatory?®, antioxidant®,
antithyroid*® and antitumor™® cytoprotective agent$, arrhythmia® and Alzheimer diseasé$™’,

Motivated by the above findings, our aim was toagbimore active antitubercular and anthelminticrégeWe also
decided to go for antitubercular activity againsyddbacterium tuberculosis H37Rv and anthelmintitiviyg
against Pheretimaposthuma with possible novel nresims of action. It was thought worthwhile to syegtize
some new dihydrobenzofuran clubbed benzimidazolénbabenzothiazole derivatives that comprises theva
aforementioned moieties in single molecular framdwo order to investigate there in vitro anti-aglthintic and
antitubercular activity. In continuation to thisn iour present communication, we have synthesize(2-N-
((benzo[d]thiazol-2-ylthio)methyl)-1-benzyl-1H-besjd]imidazol-6-yl)arylbenzamides 6a-l and 4-aming2N
((benzo[d]thiazol-2-ylthio)methyl)-1-benzyl-1H-bes{d]imidazol-6-yl)-5-substituted-2,3-dihydrobenzcdn-7-
carboxamides 7a-b and characterized by 1H NMR,NBIR and Mass spectrometry techniques

MATERIALSAND METHODS

All reactions except those in aqueous media wengecbout by standard techniques for the exclusibmoisture.
Melting points were determined on an electro thémmelting point apparatus and were reported unctece TLC

on silica gel plates (Merck, 60, F254) was used farity checking and reaction monitoring. Column
chromatography on silica gel (Merck, 70-230 mest 2B0-400 mesh ASTH for flash chromatography) was
applied when necessary to isolate and purify thetien products. Elemental analysis (% C, H, N) wasied out

by a Perkin-EImer 2400 CHN analyzer. IR spectraalbfcompounds were recorded on a Perkin-Elmer FT-IR
spectrophotometer in KBr. 1H NMR spectra were rdedron Varian Gemini 300 MHz and 13C NMR spectra on
Varian Mercury-400, 100 MHz in DMSO-d6 as a solvand tetramethylsilane (TMS) as an internal stashddiass
spectra were scanned on a Shimadzu LC-MS 2010rspestier. Anhydrous reactions were carried out iBmev
dried glassware in nitrogen atmosphere

Preparation of 4-amino-5-chloro-2, 3-dihydrobenzafu7-carboxylic acid (1f)

Methyl 4-acetamido-2-hydroxybenzoate (1a) was ¢héted by sulfuryl chloride in MDC to form methyl 4
acetamido-5-chloro-2-hydroxybenzoate (1b) whichitfer brominated to generate methyl 4-acetamidoeBnlor5-
chloro-2-hydroxybenzoate (1c). It is condensed Wif-dibromoethane to obtain methyl 4-acetamidoe3¥in-2-
(2-bromoethoxy)-5-chlorobenzoate (1d) which on iz@tlon by Zinc in dimethyl acetamide to form mdthy
acetamido-5-chloro-2,3-dihydrobenzofuran-7-carbateyl(1e) followed by hydrolysis using sodium hyddexto
get intermediate 4-amino-5-chloro-2,3-dihydrobenzaf-7-carboxylic acid (1f). Yield: 82%; IR (KBymax, cm-
1): 3522 (O-H), 3430 (NH2), 3062 (C-H, aromatich9b (C=0), 1510 (C=C), 1311 (C-0), 756 (C-Cl); 1R
(400 MHz, DMSO-d63, ppm): 2.98 (t, 2H, J = 5.5 Hz, C3-H, Benzofuramgy, 4.60 (s, 2H, -NH2 D20 exch.),
5.97 (t, 2H, J = 6.0 Hz, C2-H, Benzofuran ring/(d, 1H, J = 8.2 Hz, C6-H benzofuran ring), 11(421H, -
COOH); 13C NMR (100 MHz, DMSO-d®&, ppm): 165.24, 160.13, 144.88, 130.05, 111.38,8%)8.02.49, 71.94,
27.12; LCMS (m/z): 213.0 (M+); Anal. Calcd.fogldsCINOs: C, 50.60; H, 3.77; N, 6.56; Found: C, 50.76; H53
N, 6.68%.

Preparation of 4-amino-2,3-dihydrobenzofuran-7-aadlic acid (1i)

Thionyl chloride (8.35 g, 0.0702 mol) is added teddution of 1f (10 g, 0.0468 mol) in methanol (TL) at 25-
30°C. Reaction mixture was refluxed for 5 hrs ahdnt concentrated by evaporate to dryness underceddu
pressure. Above crude was dissolved in 200 mL nmethand charge sodium hydroxide (2.8 g, 0.0702 raaf
palladium catalyst (2.0 g) to it. Apply 3.0-3.5 &gi2 hydrogen pressure and maintain for 4.0 hrQe8853C and
reaction was monitored by TLC. Filter the reactioass on Hyflow bed and filtrate mL was concentraieder
reduced pressure. Above deschloro intermediatevab)hydrolyzed by sodium hydroxide (2.8 g, 0.0@0#) in 40
mL of water in reflux for 10-12 hrs. After completi the reaction, the RM was neutralized to getriésliate (1i).
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Yield: 79%; IR (KBr,vmax, cm-1): 3510 (O-H), 3422 (NH2), 3052 (C-H, ramtic), 1688 (C=0), 1518 (C=C),
1312 (C-0O); 1H NMR (400 MHz, DMSO-d6, ppm): 2.94 (t, 2H, J = 5.4 Hz, C3-H, Benzofuramgy, 4.37 (t, 2H,
J = 6.1 Hz, C2-H, Benzofuran ring), 6.42 (d, 1H; 4.8 Hz, C5-H benzofuran ring), 7.14 (s, 2H, -NH2)%68 (d,
1H, J = 8.4 Hz, C6-H benzofuran ring), 11.02 (s, 1EOO0H); 13C NMR (100 MHz, DMSO-d®, ppm): 166.7,
162.9, 150.8, 128.4, 107.4, 105.8, 103.1, 71.8,;28MS (m/z): 179.0 (M+); Anal. Calcd.forgHsNO;: C, 60.33;
H, 5.06; N, 7.82; Found: C, 60.22; H, 5.12; N, P®1

Preparation of 2-(chloromethyl)-6-nitro-1H-benzojkiidazole (2)

To a solution of 60 mL 6 N hydrochloric acid, 4roHo-phenylenediamine (10 g, 0.065 mol) and chkoretic acid
(9.45 g, 0.10 mol) were added. The reaction massheated at 85-90°C for 16-18 hrs. Reaction wasitored by
TLC. RM was cooled to 25-30°C and was diluted withmL water. The reaction mass was then neutrakged
ammonia solution and stirred for 60 min for completystallization. Solid obtained was filtered amashed with
20 ml of water. The solid material was purifiedDMF and water. It was dried at 70-75°C. Yield: 86iR;(KBr,
vmax, cm-1): 3351 (N-H), 3042 (C-H, aromatic), 28€+H, -CH2), 1524 (C=C), 1480 (N=0), 756 (C-Cl); 1H
NMR (400 MHz, DMSO-d6§, ppm): 4.2 (s, 2H, -CH2), 7.7 (d, 1H, J = 8.1 ArH), 8.12 (d, 1H, J = 7.9 Hz, Ar-
H attached to -NO2), 8.72 (s, 1H, Ar-H attached-MD2), 9.14 (s, 1H, -NH D20 exch.); 13C NMR (100 KH
DMSO-d6, 6, ppm): 145.8, 144.1, 142.3, 141.7, 118.9, 11683.4, 38.4; LCMS (m/z): 212.0 (M+); Anal.
Calcd.for GHeCIN3O,: C, 45.41; H, 2.86; N, 19.86; Found: C, 45.302t98; N, 19.76%.

Preparation of 2-(((6-nitro-1H-benzo[d]imidazol-2}gnethyl)thio)benzo[d]thiazole (3)

A mixture of compound (2) (10 g, 0.047 mol), acetqd00 mL), potassium carbonate (13.0 g, 0.094 rand
mercaptobenzothiazole (15.5 g, 0.092 mol) wasestifor 4 hrs at reflux temperature. Reaction wasitoced by
TLC to check completion of reaction. The reactiasmsswas filtered in hot condition. The reactiontomi& was then
concentrated by evaporate to dryness under reduesgure and isolated by methanol (60 mL) and w&temL).
Then the reaction mass was stirred for 2 hrs fongiete crystallization. The material was dried @6%°C for 12
hrs. Yield: 80%; IR (KBrymax, cm-1): 3381 (N-H), 3056 (C-H, aromatic), 28§64H, -CH2), 1521 (C=C), 1481
(N=0); 1H NMR (400 MHz, DMSO-d6p, ppm): 5.2 (s, 2H, -CH2), 7.6 (dd, 2H, J = 7.6]1 &z, Ar-H
benzothiazole ring), 7.8 (d, 1H, J = 7.9 Hz, Ar-ldnkimidazole ring), 8.00 (dd, 1H, J = 7.7, 8.2 WAz;H
benzothiazole ring), 8.12 (dd, 1H, Ar-H attached-&02), 8.29 (dd, 1H, Ar-H benzothiazole ring), 8(4, 1H, Ar-
H attached to —NO2), 9.24 (s, 1H, -NH D20 exch3CINMR (100 MHz, DMSO-d6§, ppm): 164.9, 153.4, 145.6,
144.2, 142.6, 141.7, 135.3, 125.6, 124.7, 121.2,992118.3, 116.2, 113.2, 35.9; LCMS (m/z): 342.8JMAnal.
Calcd.for CI15H10N402S2: C, 52.62; H, 2.94; N, 163618.73; Found: C, 52.50; H, 2.81; N, 16.481&63%.

Preparation of 2-(((1-benzyl-6-nitro-1H-benzo[d]idaizol-2-yl)methyl)thio)benzo[d]thiazol (4)

To a solution of compound (3) (10 g, 0.029 molagetone (300 mL), anhydrous potassium carbonaleg(3.036
mol) and benzyl bromide (3.5 g, 0.029 mol) wereeatidrhen reaction mass was refluxed for 4 hrs. iReawas
monitored by TLC and complies then filtered in leondition and concentrated under vacuum. The nahtems
isolated by methanol 50 ml and filtered to sepacaitethe solid material. It was dried at 60-65°€6d hrs. Yield:
89%; IR (KBr,vmax, cm-1): 3051 (C-H, aromatic), 2862 (C-H, -CH2-Z30 (C-H, -CH2-Ph), 1524 (C=C), 1471
(N=0); 1H NMR (400 MHz, DMSO-d63, ppm): 5.1 (s, 2H, -CH2-S-), 5.52 (s, 2H, -CH2RT7(dd, 2H, J = 7.4,
7.6 Hz, C2-H & C6-H, Ar-H), 7.31 (t, 1H, J = 7.9 H24-H, Ar-H), 7.39 (dd, 2H, J = 7.4, 8.1 Hz, C3€hH-H, Ar-
H), 7.49 (dd, 2H, J = 7.4, 8.0 Hz, C5-H & C6-H betizazole ring), 7.4 (d, 1H, J = 7.7 Hz, C7-H beniziazole
ring), 7.84 (dd, 1H, C7-H benzothiazole ring), 8(@da, 1H, C6-H benzimidazole ring), 8.09 (dd, 1H; J.6, 8.1
Hz, C4-H benzothiazole ring), 8.54 (d, 1H, C4-H Hemidazole); 13C NMR (100 MHz, DMSO-d&, ppm):
165.04, 155.95, 146.55, 143.02, 142.92, 139.80,06361.34.89, 128.84, 126.74, 124.67, 121.91, 119138.23,
111.36, 107.78, 47.11, 28.82; LCMS (m/z): 432.0 JMAnal. Calcd.for GH1¢N4O,S,: C, 61.09; H, 3.73; N, 12.95;
S, 14.83; Found: C, 61.22; H, 3.84; N, 12.82; S71%.

Preparation of 2-((benzo[d]thiazol-2-ylthio) methnil-benzyl-1H-benzo[d]imidazol-6-amine (5)

Stannous chloride (25.0 g, 0.13 mol) were added $olution of compound 4 (10 g, 0.029 mol), isogtagcohol
(100 mL) and ConcHCI (25 mL). Reaction mass wasestifor 24 hrs at room temperature. Reaction wasitored
by TLC and 50% non polar impurity was formed. RMswancentrated using vacuum and then charge 15§ ml
RO water and adjust the pH of reaction by liquomsmnia upto 8-9. White color sludge will formed wedracted
three times with 150 mL of ethyl acetate, combinaghnic layer washed with water (250 mL) and trgaaic layer
concentrated by under vaccum. Separate the prahdtnon polar impurity by column chromatographyngsi
mobile phase ethyl acetate : n-hexane (1:9). YiéRo; IR (KBr,vmax, cm-1): 3389 (N-H, NH2), 3041 (C-H,
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aromatic), 2860 (C-H, -CH2-S), 2832 (C-H, -CH2-P1530 (C=C); 1H NMR (400 MHz, DMSO-d6, ppm): 5.06
(s, 2H, -CH2-S-), 5.50 (s, 2H, -CH2), 6.21 (s, 2NH2 D20 exch.), 6.52 (dd, 1H, J = 7.8 Hz, C6-H Xiemdazole
ring), 6.94 (d, 1H, J = 8.1 Hz, C4-H benzimidazplep0 (dd, 2H, J = 7.2, 7.7 Hz, C2-H & C6-H, Ar;H)28 (t,
1H, J = 7.1 Hz, C4-H, Ar-H), 7.36 (dd, 2H, J = 7749 Hz, C3-H, C5-H, Ar-H), 7.42 (d, 1H, J = 7.4 HZ7-H
benzimidazole ring), 7.59 (dd, 2H, J = 7.4, 8.1 8%;H & C6-H benzothiazole ring), 7.88 (dd, 1H, J.8 Hz, C7-
H benzothiazole ring), 8.12 (dd, 1H, J = 7.4, 82, 84-H benzothiazole ring); 13C NMR (100 MHz, DM$B, 5,
ppm): 165.13, 152.66, 149.56, 143.78, 142.44, B35129.67, 128.89, 127.82, 126.24, 124.50, 121143.44,
110.42, 104.68, 47.44, 29.21; LCMS (m/z): 402.0 jMAnal. Calcd.for G,H1gN4sSy: C, 65.64; H, 4.51; N, 13.92; S,
15.93; Found: C, 65.78; H, 4.63; N, 13.81; S, 1%82

Preparation of N-(2-((benzo[d]thiazol-2-ylthio) niet)-1-benzyl-1H-benzo[d]imidazol-6-yl) arylbenzaies (6a-1)

To solution of benzoic acid or substituted benzsi derivatives (10 g, 0.081 mol) toluene200 m2 drops of
Dimethyl foramide and thionyl chloride10 ml weredad. Heat to 70-75°C for two hours. Concentrateréagtion
mass under vacuum, degas it .Cool to room temperand add methylene dichloride 150 ml .Triethylaeni0 ml
added slowly. Then Compound 5 (20.0 g, 0.046 mwol)methylene dichloride (150 mL) solution was added
dropwise at 20-25°C.Stir for 30 min. Reaction wamnitored by TLC.Then water 200 ml were added imtaction.
Organic layer is separated and washed twice withriD 2% sodium hydroxide solution. Organic phasgasated
and concentrate by vaccum. Products isolated byhanet (150 mL) and stir for one hour for complete
crystallization and filtered to separate out thidsmaterial to get 6a. It was dried at 60-65°C.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)benzamide (6a)

Yield: 68%; IR (KBr,vmax, cm-1): 3289 (N-H), 3032 (C-H, aromatic), 2§62H, -CH2-S), 2822 (C-H, -CH2-Ph),
1688 (C=0), 1524 (C=C); 1H NMR (400 MHz, DMSO-d®,ppm): 5.08 (s, 2H, -CH2-S-), 5.57 (s, 2H, -CH2),
7.26-8.28 (m, 17H, Ar-H), 9.21 (s, 1H, NH-CO); 13®/R (100 MHz, DMSO-d65, ppm): 164.9, 164.2, 153.6,
141.5,137.8, 137.1, 135.2, 134.8, 134.2, 132.9,201328.8 (2), 128.2 (2), 127.7 (2), 127.2 (25.72125.1, 124.6,
123.8, 121.9, 121.2, 115.4, 109.6, 51.4, 33.2; LQk%): 506.06 (M+); Anal. Calcd. for gH,,N,0S,: C, 68.75;
H, 4.38; N, 11.06; S, 12.66; Found: C, 68.88; M94N, 11.18; S, 12.56%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-3-chloro- benzamide (6b)

Yield: 74%; IR (KBr,vmax, cm-1): 3296 (N-H), 3036 (C-H, aromatic), 2§06H, -CH2-S), 2826 (C-H, -CH2-Ph),
1692 (C=0), 1528 (C=C), 743 (C-Cl); 1H NMR (400 MHXMSO-d6,3, ppm): 5.06 (s, 2H, -CH2-S-), 5.54 (s, 2H,
-CH2), 7.28-8.26 (m, 16H, Ar-H), 9.27 (s, 1H, NH-£LQ3C NMR (100 MHz, DMSO-d&}, ppm): 164.7, 164.1,
153.5, 141.7, 137.9, 137.2, 135.7, 135.1, 134.8,113132.9, 132.2, 130.3, 128.8, 128.2, 127.812),.2, 125.9,
125.5, 125.1, 124.6, 123.7, 121.8, 121.2, 115.8,41061.9, 33.5; LCMS (m/z): 540.08 (M+); Anal. €&l for
C,qH»1CIN,OS;: C, 64.37; H, 3.91; N, 10.35; S, 11.85; Found6&24; H, 3.81; N, 10.48; S, 11.94%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-4-chloro- benzamide (6c)

Yield: 70%; IR (KBr,vmax, cm-1): 3294 (N-H), 3031 (C-H, aromatic), 2§61H, -CH2-S), 2832 (C-H, -CH2-Ph),
1697 (C=0), 1531 (C=C), 746 (C-Cl); 1H NMR (400 MHXMSO-d6,3, ppm): 5.06 (s, 2H, -CH2-S-), 5.54 (s, 2H,
-CH2), 7.28-8.26 (m, 16H, Ar-H), 9.27 (s, 1H, NH-£LQAQ3C NMR (100 MHz, DMSO-d&, ppm): 164.9, 164.1,
153.7, 141.6, 137.9 (2), 137.1, 135.1, 134.5, 13P32.2, 130.1 (2), 128.9 (2), 128.2 (2), 127.8 (25.8, 125.2,
124.6, 123.8, 121.9, 121.1, 115.6, 109.6, 51.7,3;33.CMS (m/z): 540.04 (M+); Anal. Calcd. For
C29H21CIN40S2: C, 64.37; H, 3.91; N, 10.35; S, B1Bund: C, 64.22; H, 3.80; N, 10.49; S, 11.95%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-3-methoxy- benzamide (6d)

Yield: 68%; IR (KBr,vmax, cm-1): 3284 (N-H), 3021 (C-H, aromatic), 2§€8H, -CH2-S), 2832 (C-H, -CH2-Ph),
2816 (C-H, OCH3), 1688 (C=0), 1528 (C=C); 1H NMR@MHz, DMSO-d63, ppm): 3.87 (s, 3H, OCH3), 5.04
(s, 2H, -CH2-S-), 5.51 (s, 2H, -CH2), 7.24-8.24 (6H, Ar-H), 9.23 (s, 1H, NH-CO); 13C NMR (100 MHz,
DMSO-d6,3, ppm): 164.8, 164.2, 160.8, 153.4, 141.4, 13739,1, 135.7, 135.1, 134.3, 132.7, 132.2, 129.8,81.28
(2), 127.7 (2), 125.8, 125.1, 124.5, 123.6, 12127,..1, 119.7, 117.8, 115.5, 113.1, 109.4, 55.%,533.2; LCMS
(m/z): 536.14 (M+); Anal. Calcd. forgH,uN,0,S,: C, 67.14; H, 4.51; N, 10.44; S, 11.95; Found6T27; H, 4.41,
N, 10.57; S, 11.85%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-4-methoxy- benzamide (6e)
Yield: 70%; IR (KBr,vmax, cm-1): 3281 (N-H), 3024 (C-H, aromatic), 2§81H, -CH2-S), 2831 (C-H, -CH2-Ph),
2818 (C-H, OCHB3), 1691 (C=0), 1528 (C=C); 1H NMR@MHz, DMSO-d63, ppm): 3.81 (s, 3H, OCH3), 5.06
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(s, 2H, -CH2-S-), 5.52 (s, 2H, -CH2), 7.21-8.21 (6H, Ar-H), 9.21 (s, 1H, NH-CO); 13C NMR (100 MHz,
DMSO0-d6,5, ppm): 164.9, 164.5, 164.0, 153.6, 141.3, 13738,2, 135.2, 134.5, 132.6, 128.8 (2), 128.2 (2,82
(2), 126.6, 125.9, 125.3, 124.6, 123.4, 121.9,3,2115.7, 114.3 (2), 109.6, 55.7, 51.7, 33.4; LC{wtthz): 536.13
(M+); Anal. Calcd. for C30H24N402S2: C, 67.14; HH% N, 10.44; S, 11.95; Found: C, 67.29; H, 44010.57;
S, 11.84%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzy-benzo[d]imidazol-6-yl)-2-methyl- benzamide (6f)

Yield: 64%; IR (KBr,vmax, cm-1): 3284 (N-H), 3024 (C-H, aromatic), 2§&4H, -CH2-S), 2828 (C-H, -CH2-Ph),
2821 (C-H, CH3), 1685 (C=0), 1528 (C=C); 1H NMR ¢4dHz, DMSO-d6,5, ppm): 2.51 (s, 3H, CH3), 5.02 (s,
2H, -CH2-S-), 5.50 (s, 2H, -CH2), 7.20-8.20 (m, 18t-H), 9.21 (s, 1H, NH-CO); 13C NMR (100 MHz, DN\0S
dé, 8, ppm): 164.9, 160.4, 153.6, 141.6, 137.8, 13738,3, 135.1, 134.5, 132.7 (2), 132.1, 131.6, 123)8128.3,
127.9 (2), 127.3, 125.8, 125.2, 124.7, 123.8, 1,21129.3, 115.6, 109.6, 51.7, 33.2, 18.2; LCMS (or82D.13 (M+);
Anal. Calcd. for GgH,4N4OS;: C, 69.20; H, 4.65; N, 10.76; S, 12.32; Found6€.35; H, 4.75; N, 10.65; S, 12.21%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-3-methyl- benzamide (6g)

Yield: 67%; IR (KBr,vmax, cm-1): 3282 (N-H), 3027 (C-H, aromatic), 2§@9H, -CH2-S), 2829 (C-H, -CH2-Ph),
2814 (C-H, CH3), 1689 (C=0), 1532 (C=C); 1H NMR @¢4dHz, DMSO-d6,5, ppm): 2.32 (s, 3H, CH3), 4.97 (s,
2H, -CH2-S-), 5.46 (s, 2H, -CH2), 7.24-8.18 (m, 18t-H), 9.26 (s, 1H, NH-CO); 13C NMR (100 MHz, DN\0S
deé, 5, ppm): 164.8, 164.2, 153.6, 141.7, 138.6, 13731, 135.1, 134.5, 134.0, 132.7, 132.1, 131.3,923),
128.2, 127.8 (2), 125.6, 125.1, 124.8, 124.1, 123A.8, 121.2, 115.3, 109.4, 51.8, 33.4, 20.8; ITW/z):
520.14 (M+); Anal. Calcd. for C30H24N40S2: C, 69.B) 4.65; N, 10.76; S, 12.32; Found: C, 69.364H5; N,
10.67; S, 12.22%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-4-methyl- benzamide (6h)

Yield: 69%; IR (KBr,vmax, cm-1): 3284 (N-H), 3026 (C-H, aromatic), 2§€¢H, -CH2-S), 2827 (C-H, -CH2-Ph),
2817 (C-H, CH3), 1691 (C=0), 1534 (C=C); 1H NMR @¢4dHz, DMSO-d6,5, ppm): 2.35 (s, 3H, CH3), 4.99 (s,
2H, -CH2-S-), 5.49 (s, 2H, -CH2), 7.24-8.19 (m, 1@%-H), 9.27 (s, 1H, NH-CO); 13C NMR (100 MHz, DS
dé, 3, ppm): 164.9, 164.1, 153.7, 141.8, 141.2, 13733.2, 135.2, 134.6, 134.0, 132.5, 131.1, 129.2128.9 (2),
127.9 (2), 127.2 (2), 125.8, 125.1, 124.6, 1234,.6, 121.1, 115.3, 109.4, 51.8, 33.3, 21.4; LCMz]: 520.12
(M+); Anal. Calcd. for GoH,4/N4OS;: C, 69.20; H, 4.65; N, 10.76; S, 12.32; Found6@.35; H, 4.74; N, 10.66; S,
12.21%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-2-nitro- benzamide (6i)

Yield: 69%; IR (KBr,vmax, cm-1): 3281 (N-H), 3036 (C-H, aromatic), 2§66H, -CH2-S), 2834 (C-H, -CH2-Ph),
1698 (C=0), 1540 (C=C), 1492 (NO2); 1H NMR (400 MHXMSO-d6,5, ppm): 5.09 (s, 2H, -CH2-S-), 5.59 (s,
2H, -CH2), 7.24-8.39 (m, 16H, Ar-H), 9.31 (s, 1HHNCO); 13C NMR (100 MHz, DMSO-d&, ppm): 164.8,
164.1, 153.3, 146.2, 141.5, 137.7, 137.1, 135.8,71334.1, 133.2, 132.7, 128.8 (2), 127.7 (2),.42625.9, 125.2,
124.6, 124.0, 123.8, 122.5, 121.9, 121.0, 115.8,2061.6, 33.3; LCMS (m/z): 551.12 (M+); Anal. €&l for
CoH21N505S;: C, 63.14; H, 3.84; N, 12.70; O, 8.70; S, 11.68ukd: C, 63.28; H, 3.75; N, 12.83; S, 11.53%.

N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-4-nitro- benzamide (6j)

Yield: 75%; IR (KBr,vmax, cm-1): 3290 (N-H), 3034 (C-H, aromatic), 2§&4H, -CH2-S), 2833 (C-H, -CH2-Ph),
1701 (C=0), 1538 (C=C), 1488 (NO2); 1H NMR (400 MHDMSO-d6,5, ppm): 5.11 (s, 2H, -CH2-S-), 5.57 (s,
2H, -CH2), 7.27-8.41 (m, 16H, Ar-H), 9.30 (s, 1HHNCO); 13C NMR (100 MHz, DMSO-d&, ppm): 164.9,
164.3, 153.7, 151.2, 141.6, 137.9, 137.2, 136.8,213134.5, 132.8, 129.7 (2), 128.6 (2), 127.5 125.8, 125.1,
124.7, 124.1 (2), 123.4, 121.8, 121.2, 115.4, 108117, 33.3; LCMS (m/z): 551.13 (M+); Anal. Calcfibr
C29H21N503S2: C, 63.14; H, 3.84; N, 12.70; O, 85011.63; Found: C, 63.29; H, 3.76; N, 12.84;1552%.

N-(2-((benzo[d]thiazol-2-ylthio)methyl)-1-benzyl-ti¢nzo[d]imidazol-6-yl)-2,6-dichloro- benzamide Y6k

Yield: 76%; IR (KBr,vmax, cm-1): 3288 (N-H), 3031 (C-H, aromatic), 2§&tH, -CH2-S), 2830 (C-H, -CH2-Ph),
1694 (C=0), 1534 (C=C), 756 (C-Cl); 1H NMR (400 MHXMSO-d6,3, ppm): 5.07 (s, 2H, -CH2-S-), 5.51 (s, 2H,
-CH2), 7.25-8.21 (m, 15H, Ar-H), 9.27 (s, 1H, NH-£LQ3C NMR (100 MHz, DMSO-d&, ppm): 164.8, 164.2,
153.7,141.4,137.8, 137.1, 135.1, 134.9, 134.2,81332.2 (2), 130.3, 128.8 (2), 128.1 (2), 132)6125.8, 125.2,
124.6, 123.8, 121.9, 121.1, 115.5, 109.2, 51.81;33CMS (m/z): 574.04 (M+); Anal. Calcd. forg,,Cl,N,0S:

C, 60.52; H, 3.50; N, 9.73; S, 11.14; Found: C660H, 3.40; N, 9.84; S, 11.04%.
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N-(2-((benzo[d]thiazol-2-ylthio) methyl)-1-benzybenzo[d]imidazol-6-yl)-2-chloro-5-nitrobenzamid)

Yield: 74%; IR (KBr,vmax, cm-1): 3292 (N-H), 3037 (C-H, aromatic), 2§&#H, -CH2-S), 2834 (C-H, -CH2-Ph),
1704 (C=0), 1535 (C=C), 1494 (NO2), 761 (C-Cl); MR (400 MHz, DMSO-d6§, ppm): 5.11 (s, 2H, -CH2-S-
), 5.61 (s, 2H, -CH2), 7.26-8.51 (m, 15H, Ar-H)32.(s, 1H, NH-CO); 13C NMR (100 MHz, DMSO-d&, ppm):
164.9, 164.1, 153.6, 146.2, 141.3, 140.8, 137.9,21335.1, 134.2, 133.3, 132.8, 130.8, 128.9123,3, 127.7 (2),
125.9, 125.1, 124.6, 123.7, 122.6, 121.8, 121.8,6,1109.4, 51.7, 33.1; LCMS (m/z): 585.05 (M+);a\nCalcd.
for CogH20CINSOsS,: C, 59.43; H, 3.44; N, 11.95; S, 10.94; Found5€.58; H, 3.55; N, 11.84; S, 10.83%.

Preparation of 4-amino-N-(2-((benzo[d]thiazol-24jlh) methyl)-1-benzyl-1H-benzo[d] imidazol-6-yl)-5-
substituted-2,3-dihydrobenzofuran-7-carboxamidesky

Triethylamine (7.0 mL) and Ethyl chloroformate (51lL) were added to a solution of 4-amino-5-subti,3-
dihydrobenzofuran-7-carboxylic acid derivatives0dB mol) in Methylene dichloride (150 mL) at 20-25and stir
for 2.0 hrs .Then Compound 5 (0.046 mol) in methgldichloride (150 mL) solution was added dropveiseoom
temperature. Stir RM for 7.0-8.0 hrs at 25-30 °€a&ion was monitored by TLC and reaction massmisentrated
by vacuum. Material was isolated by water (200 n8t)r for 60 min and filtered to separate out thikdsmaterial.
Wet cake products take in acetone (80 mL). aneréH off to get desired product 7a-b.

4-amino-N-(2-((benzo[d]thiazol-2-ylthio) methyl)bkenzyl-1H-benzo[d]imidazol-6-yl)-2,3-dihydrobenzafu 7-
carboxamide (7a)

Yield: 79%; IR (KBr,vmax, cm-1): 3356 (NH2), 3272 (N-H), 3038 (C-H, aaiin), 2856 (C-H, -CH2-S), 2829 (C-
H, -CH2-Ph), 1696 (C=0), 1524 (C=C), 1224 (C-O-T) NMR (400 MHz, DMSO-d63, ppm): 3.02 (t, 2H, C3-H,
Benzofuran ring), 4.42 (t, 2H, C2-H, Benzofurang)in5.18 (s, 2H, -CH2-S-), 5.67 (s, 2H, -CH2), 7828 (m,
14H, Ar-H), 8.56 (s, 2H, NH2 D20 exch.), 9.27 (s, NH-CO); 13C NMR (100 MHz, DMSO-d&, ppm): 164.7,
164.1, 159.8, 153.5, 149.2, 141.4, 137.8, 137.5,201334.6, 132.8, 128.8 (2), 127.7 (2), 126.2,.12525.1, 124.6,
123.5, 121.9, 121.2, 115.6, 109.6, 108.3, 107.3,9,070.8, 52.0, 33.4, 27.4; LCMS (m/z): 563.16 {MAnal.
Calcd. for C31H25N502S2: C, 66.05; H, 4.47; N, 224, 11.38; Found: C, 66.21; H, 4.38; N, 12.561 527%.

4-amino-N-(2-((benzo[d]thiazol-2-ylthio)methyl)- Btreyl-1H-benzo[d]imidazol-6-yl)-5-chloro-2,3-
dihydrobenzofuran-7-carboxamide (7b)

Yield: 81%; IR (KBr,vmax, cm-1): 3361 (NH2), 3270 (N-H), 3036 (C-H, aaiit), 2856 (C-H, -CH2-S), 2828 (C-
H, -CH2-Ph), 1691 (C=0), 1524 (C=C), 1227 (C-O-T§y6 (C-Cl); 1H NMR (400 MHz, DMSO-d&, ppm): 3.07
(t, 2H, C3-H, Benzofuran ring), 4.57 (t, 2H, C2-Benzofuran ring), 5.08 (s, 2H, -CH2-S-), 5.61 (8l, 2CH2),
7.23-8.18 (m, 13H, Ar-H), 8.52 (s, 2H, NH2 D20 ex3¢B.25 (s, 1H, NH-CO); 13C NMR (100 MHz, DMSO-d6,
ppm): 164.8, 164.0, 157.8, 153.7, 144.5, 141.5,8,3137.1, 135.0, 134.4, 132.5, 128.7 (2), 127)6X26.2, 125.8,
125.2, 124.6, 123.6, 121.8, 121.1, 116.9, 115.5,8,0109.2, 108.5, 70.6, 51.8, 33.2, 26.5; LCMSzjm597.13
(M+); Anal. Calcd. for GH24CINsO,S;: C, 62.25; H, 4.04; N, 11.71; S, 10.72; Found6Z39; H, 4.13; N, 11.60;
S, 10.82%.

Anthelmintic activity

All the compounds were initially screened for théir vitro anthelmintic activity against Indian eartorms
(Pheretimaposthuma) strain by Mathew et al methattyy as described previously [38, 39]. The resolt the
anthelmintic studies are presented in Table 1. drog in clinical use, Albendazole was used as areetce drug.
Compounds 6b-c, 6g, 6k and 7a-b inhibited excelerhelmintic activity in the range of 1:45-9:35datt05-8:05
mean paralyzing at 0.2% and 0.5% concentration wdtihesponding 6:20-18:10 and 4:10-17:25 mean diath
respectively. Among all the screen compounds, camgdbk having 2,6-(Cl)2 substituent at the pheiryy was
found to be the most potent compound with 1:45 ar@ mean paralyzing time as compared to standard
Albendazole. Second line active compounds 7b antda®ing chloro group showed activity at 2:40 andb3lt is
interesting to note that chloro substituent in phenng demonstrated high inhibitory activity agsin
Pheretimaposthuma as compared other substitutedatiees, indicating that the electronic properties the
substituent’s have major influence on the anthdiimanctivity.

Antimycobacterial activity

The encouraging results from the anthelmintic @gtiimpelled us to go for the screening of titlengmounds 6a-
and 7a-b for their in vitro antitubercular activitptermediates (3, 4 & 5) and all the final compds along with the
standard drug for comparison were firstly evaludtadtheir activity against the M. tuberculosis HB7 strain in
Middle brook 7H12 medium using MicroplateAlamar BlAssay (MABA) MIC method [40]. The drug in clinica
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use, isoniazid and Rifampicin were used as a neferdrugs. The results of actual MICs of testedgmmumds were
reported in Table 2. The results observed that finalogues 6a-l & 7a-b displayed superior antetablar activity
compared to all the intermediates (3,4 and 5). Agnttre fourteen synthesized compounds, compounds 6Bh
6k and 7a-bendowed with inductively electron withwliing chlorine and electron donating methyl groafferded
maximum MICs ranging from 1.81 to 10.92 uM agaiMi¢b. Compounds 7b (3-Cl in dihydrobenzofuran) amkd 6
(dichloro) possessed highest inhibition at MIC d@811& 2.1 uM amongst all the tested derivatives@®pared to
standard INH. For final derivatives, introductiohoblorine substituent in

6b-c&6k was tolerated, 3-chloro in yielding the tastivity (3-Cl > 4-Cl). Furthermore, among thecged line
active compounds, 6f-h brandished MICs in rangé.66-10.92 uM, in which compound 6g having methyirieta
position showed better result at MIC of 4.56 uM vgas compound 6h displayed inhibition at MICs @8 M.

RESUTSAND DISCUSSION

The synthetic route for the preparation of N-(2ef{bo[d]thiazol-2-ylthio)methyl)-1-benzyl-1H-benzdifdidazol-6-
yharylbenzamides 6a-land4-amino-N-(2-((benzo[djtuil-2-ylthio)- methyl)-1-benzyl-1H-benzo[d]imiddz®-yl)-
5-substituted-2,3-dihydrobenzofuran-7-carboxamidesb is summarized in Scheme 3. The dihydrobenaofur
intermediates 1f and 1i were used as precursorthéosynthesis of titte compounds 7a-b and thaitr®sis were
achieved according to Scheme 1&2. Intermediateslehiorinated using sulfuryl chloride to get intexdiiate 1b
which is further brominated to get intermediate Compound 1c is coupled with 1,2-dibromoethaneofelid by
cyclization with Zn in DMAc to form intermediate 1ehich is hydrolyzed with sodium hydroxide to geaterfinal
intermediate 1f in very good yield(82%). IR spaatf compounds 1f showed the characteristic O-H{ &hkd C=0
stretching absorption bands at 3522, 3430 and 1884, respectively. In addition, C-Cl stretchingsaiption
appeared around at 756 cm-1. While, the 1H NMR tspeaf 1f displayed characteristic singlets for mmiand
carboxylic group proton at arouri#.60 ppm and(111.12 ppm respectively, two triplets appeared auied
80J2.98 1ppm and5.97 [Ippm according to C3 and C2 protons of benzofunag. frurthermore, 13C NMR spectra
of 1f demonstrated characteristic signals arountl dt65.24, 144.88 and 111.38 ppm corresponding to ;GEO
NH2 and -C-CI carbon, respectively. The mass spetinf 1f showed molecular ion peak at m/z = 2132

72%], in agreement with its proposed structure.
Ox O Og O
Br
o o a °
cl Br cl
"

o

o Ox O o)
OH g4 OH p
cl cl

O\ O\
OH
Br
HN HN

HN HN\”/
o o] O o]
la 1b 1c 1d le
e
(@) OH
0]
Scheme 1. Synthetic route for the preparation of interméesdid. cl
Reagents and conditions: (a) SQ@®NIDC;(b) Bromine; (c) 1,2-dibromoethane; NH;
(d) Zn, DMAC; (e) NaOH, KO 1

The key intermediate 1i prepared from intermeditén which compound 1f is converted into estetdaied by
deschlorination using Pd and sodium hydroxide itoeave at 3.0-3.5 kg/cm2 hydrogen pressure to form
intermediate 1h. Compound 1h is hydrolyzed by sodiydroxide to get desired intermediate 1i. For poonds 1i,
IR spectra proved useful in tracing the disappeagarf the —C-Cl stretching absorption of the pacemhpounds 1f.
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While, 1H NMR spectra revealed the appearancengfiesi peak in the range 6f16.42 ppm corresponding to C5-H
proton of benzofuran ring.13C NMR confirmed thegarsed structures 1i with the appearance of a sigreiound
801105.8 ppm due to deschloro carbon. The mass spedtuthe compound 1i was consistent with the psejplo
structure.

(@) OH Os _O0— (@) O— @) OH
0 (i) o) (ii) ] (iii) 510)
Cl Cl
NH2 NH2 NH2 NH2

1f 19 1h 1i
Scheme 2: Synthetic route for the preparation of interméslia. Reagents and conditions:
(i) SOChL, MeOH; (i) Pd catalyst, klgas, NaOH, MeOH; (iii) NaOH, water

The title compounds 6a-I and 7a-b prepared accgrdirScheme 3. Cyclization of key starting 4-nibrphenylene
diamine with monochloro acetic acid followed by densation with mercaptobenzothiazole compound using
acetone and K2CO3 to get intermediate 3. Internbedaconverted into 4 by condensation with benzghtide
which is reduced to form intermediate 5. Acid amicrupling of intermediate 5 with different benzacid
derivatives and intermediates 1f and 1i to getrddstompounds 6a-l and 7a-b respectively

N
4
/©:NH2 () /@[N\>—/CI (ii) /@EN\>_/S—<S:©
O,N NH, O,N N Hs /N:© O,N N
2 _<S 3

4-nitro-o-phenylene diamine (...)‘
iii
= T y s
wooc—_) J@[ s ) J@[ ;s
————————— H.N N -~ OyN N

v) .
5 Hooc \% 4

ot ER I s oAt

HoN
6a-| RL 7a-b
For 6a-l, R = -H, -3-Cl, -4-Cl, -3-OCHg, -4-OCHj, For, 7a-b, R' = -H, -Cl
-2-CHg, -3-CHj3, -4-CHj3, 2-NO,, -4-NO,, -2,6-(Cl),,

-2-Cl-5-NO,

Scheme 3. Synthetic route for the preparation of title campds6a-| & 7a-b.
Reagents and conditions: (i) CIGEOOH, 6 N HCI; (ii) K,CO;, CH;COCH;; (iii) PhCH,Br, K,COs;
(iv) SnCh, HCI, IPA; (v) SOC}, TEA, MDC, NaOH; (vi) ECF, TEA, MDC.
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Table 1. Results of anthelmintic activity of the tested compounds

Entry RorR Mean paralyzing Mean death time
time (min) (min)
Concentration (In %) Concentration (In %)
0.20% 0.50% 0.20% 0.50%

3 - >50:0( >50:0( >60:0( >60:0(
4 - 48:20 47.10 59:00 57:20
5 - 44:00 43:40 55:25 54:35
6a -H 38:2¢ 32:5¢ 55:1( 41:0¢
6b -3-Cl 3:45 3:25 10:05 9:35
6c -4-Cl 8:40 7:50 16:30 14:20
6d -3-OCH; 37:20 36:80 44:25 42:35
6e -4-OCH; 44:30 40:20 56:80 54:20
6f -2-CH; 34:25 32:25 48:50 46:25
69 -3-CH; 9:35 8:05 18:10 17:25
6h -4-CH, 28:45 26:95 40:15 38:25
6i -2-NO, 46:30 44:35 >60:00 >60:00
6j -4-NG, 42:35 40:05 58:55 57:65
6k -2,6-(Cly 1:45 1:05 6:20 4:10
6l -2-CI-5-NQ,  15:05 10:15 27:15 18:35
Ta -H 4:25 3:95 8:35 7:55
7b -5-Cl 2:40 1:38 7:05 4:8
Negative control -- - -- --
Standar 0:3C 0:2C 0.3¢ 0.2
“Albendazole

Table 2. Results of antituber cular activity of thetested compounds

Entry -RorR MIC (UMY
3 - >128
4 -- >128
5 - 92.20
6a -H 91.20
6b -3-Cl 2.81
6c -4-Cl 6.51
6d -3-OCH;s 34.2
6e -4-OCH; 54.2
6f -2-CH; 10.92
69 -3-CHs 4.5¢
6h -4-CH, 8.42
6i -2-NG; 100.2
6j -4-NO, 92.4
6k -2,6-(Cl) 21
6l -2-CI-5-NG, 28.5
7a -H 3.92
7b -5-Cl 1.81
Standard 0.40
Standard 0.81
# Minimum inhibitory concentration againstfRv strain of M. Tuberculosis (UM)
P Rifampicin
¢ Isoniazid
CONCLUSION

On the basis of the biological activity resultsy eomain objective of the present study was to sysittesl and
screening of anthelmintic and antitubercular atiési of some new dihydrobenzofuran clubbed benzmote
having benzothiazole derivatives with the hope istavering new bioactive motifs that could be ukef potent
antitubercular and anthelmintic agents. Our aim bhasn confirmed by the synthesis of structural iogor
comprising basically 2-chloromethyl benzimidazoleoiety attached to 2-mercapto benzothiazole and
dihydrobenzofuran. Many of the synthesized mofifis-¢, 6g, 6k and 7a-b), possessing chloro and rhetioyps
were identified as most potent anthelmintic andtamercular agents compared to the standard dvugeng the
screened compounds, compounds 6k and 7b with efeailithdrawing group/atoms such as chloro showedribst
promising anthelmintic and antitubercular activiBut of them, compound 6k (1:45 & 1:05 mean paialyzime)
showed highest anthelmintic, while compound 7b {1u8/1) displayed highest antitubercular activity.eTiesults
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described here, merits further investigations inlaboratories using a forward chemical approacHifaling lead
molecules as antitubercular and anthelmintic agents
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