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ABSTRACT

A series of novel 5-fluoro-2-[(2'-(1-trityl tetralz6-yl) biphenyl-4-yl methyl) thio]-6-substituteddibenzimidazoles
were prepared by alkylation of 6-substituted-2-rapto-5-fluoro benzimidazoles with 5-[4'-(bromo mgth
biphenyl-2-yl]-1-trityl-1H-tetrazole. The synthesizcompounds were screened against different strafirbacteria
and fungi. The most active derivatives of the preseries were the azole (imidazole and 1,2,4-dlzsubstituted
fluoro benzimidazoles and the para chloro phenlygeetinalog indicating the importance of a halogeuhtiphenyl
ether nucleus and the azole moiety at tRgdsition. The results suggest that these three cufsle are potential
candidates for further development as antibacteasiad antifungal agents.

Key Words: Fluoro benzimidazole, Antimicrobial activity, Aryteer, Alkylation, Azoles.

INTRODUCTION

Despite advances in chemotherapy, severe life tdmagy systemic fungal infections like Candidiasis,
Cryptococcosis and Aspergillosis have become a iftabte opponent in the battle against infectiousedses
causing morbidity and mortality in immunocomprontidests, particularly in patients suffering fronbéuculosis,
Aids, cancer and in organ transplant cases [1-Bgrdpy is complicated due to the toxic side effeetssed by
antifungal agents and emergence of multi-drug tasis(MDR) bacteria and fungi [4]. A number Gfandida
species are encountered in Candidiasis such athicans C. glabrata C. tropicalis C. krusej C. dubliniensisand

C. parapsilosig5]. TheseCandidaspecies are opportunistic fungal pathogens thasecauperficial and systemic
Candidiasis in human and animal hosts [6].

The incidence of severe fungal infections cause@#ydidaspecies has increased in an alarming way andteffor
are underway in the management of invasive fungattions [7-9]. Considering that bacterial anddahinfections
are also a health problem in india, a researcheptojas undertaken in our laboratory with the psepof
developing new compounds with potential antibaatennd antifungal activity.
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QSAR analysis for heterocyclic antifungals weref@ened on 96 compounds to study the effects aniduagil
potencies against tH@andidastrain and arrived at the general structure ofespotent heterocyclic antifungals. As
an outcome of this study, benzimidazoles were drtbeoheterocyclics that were investigated with tleaclusion
that a correlation existed between the generatttre and the observed antifungal activity [10]e®zole class has
become one of the most widely developed and inyat&td over the past 2 decades. Azole (benzimidariolg
system, which is a core structure in various syithgharmaceuticals, displays a broad spectrumiabgical
activity, including antibacterial and antifungaloperties [11,12]. Benzimidazole ring is one of thest common
heteroaromatic scaffold present in bioactive mdesc{d 3]. Both triclosan and chlorophenesin aregahated aryl
ether analogs with a broad-spectrum anti-bactedald anti-fungal action. Incorporation of azole
(imidazolef/triazole/tetrazole) nucleus in compourdstaining aryl phenyl ether group is an importaynthetic
strategy in the design of potent antibacterial amdifungal agents [14,15]. Clotrimazole, flucona&zand
ketoconazole are some of the commercially availabddecules containing aromatic scaffolds like inziole and
triazole with high antifungal potential. It is esliahed that these compounds are potent inhibibbrergosterol
biosynthesis inCandida albicansby interacting with cytochrome p-450 dependené-dterol demethylase, an
important enzyme in ergosterol biosynthesis in fyih§]. Numerous reports on compounds with imidazatiazole
and tetrazole moiety have appeared which are suptsior at least as active as the currently udeadscof
antifungal or antibacterial agents [17-22]. Basedh® study of antifungal azoles bearing the imidiaztriazole and
tetrazole moiety and the importance of aryl pheetfier group as part of the structure for antib&teand
antifungal activity led to the design of biphengtrazole based substituted fluoro benzimidazolevdtves. All the
newly synthesized compounds were evaluated forr timevitro antibacterial and antifungal activity against
representative strains of bacteria and fungi.

MATERIALSAND METHODS

All chemicals and solvents used for this work welkgtained commercially and used without further fication.
Melting points of the synthesized compounds wererdgned in open capillaries and are uncorrectdd.ai-
sensitive reactions were carried out under nitraagemosphere. IR spectra were recorded on a shira2@ FT-IR
spectrometer as KBr discdd-NMR and **F-decoupledH-NMR spectra were recorded on a Bruker Avance-400
MHZ spectrometer. The values of chemical shiftseaqeressed in ppm relative to Mg (0=0) in DMSO-@ and the
Jvalues in hertz (HZ). Signal multiplicities argresented by s [singlet], d [doublet], t [tripledf] [double doublet],

m [multiplet] and br.s [broad singlet]. Mass spactkere recorded on a LC/MS/MS 6410 triple quad mass
spectrometer by electron spray ionization. Elenlentalyses were performed on Perkin-Elmer 2400 CHN
elemental analyzer and the found values were withind% of the theoretical values. The progresthefreaction
was monitored by thin layer chromatography with,Bilica-gel precoated sheets and the spots weualized by
exposing them to iodine vapour or Uv light was ufmddetection. Column chromatography was accorhptison
silica gel (60-120 mesh) by gradient elution of ithdicated solvent mixture.

The following compounds were prepared accordiniecature procedures: 5-(4'-(bromo methyl) bipHezpyl)-1-
trityl-1H-tetrazole(4) [23], 1 [24], 3b-j [25].

5-chloro-4-fluoro-2-nitro aniline 1)

Orange needle (85%); mp 143-145 °C; IR (KBr,$nB8493, 3319 (NH), 3050 (Ar CH), 1639, 1593, 1§T&C),
1502 (Ar NQ), 1174 (Ar C-F), 1004 (Ar C-CI}H-NMR (DMSO): 6 6.00 (br.s, 2H, Nb), 6.90-6.91 (d, 1H, H-3]
= 4.0 HZ), 7.91-7.94 (d, 1H, H-8,= 12.0 HZ)*F-decoupledH-NMR (DMSO): § 4.75-6.20 (br.s, 2H, N}, 6.92
(s, 1H, H-3), 7.93 (s, 1H, H-6).

General procedure for the synthesis of 4-fluorcsbstituted)-2-nitroanilingl1b-j)

The appropriate phenols or secondary amines (6 jnamol anhydrous potassium carbonate (10 mmol) aded
to a solution of 5-chloro-4-fluoro-2-nitro anilin® mmol) in dry DMF (14 mL). The reaction mixtureas/then
stirred at 100 °C for 8 to 10 hours. When TLC rdedahe absence of starting material, the reaatidtiure was
cooled to room temperature and poured into wae® (hL). The resultant solution was extracted withykeacetate.
The extract was then washed with water and drieat amhydrous sodium sulphate. The solvent was rechander
reduced pressure to afford 5-(substituted)-4-fle@mitro benzeneamine. The crude solid was useth®onext step
without further purification.
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General procedure for the synthesis of 4-chlorddbb-1,2-phenylenediamin€d) and 4-(substituted)-5-fluoro-
benzene-1,2-phenylenediam{@é-j)

To a stirred solution of compourdand(1b-j) (5 mmol) in ethyl alcohol containing zinc dust @®nol) was slowly
injected concentrated HCI (10 mL) via septum ugjtass syringe over a period of 2 hours and contiratiering at
room temperature under nitrogen atmosphere forhenadditional 2 hours. When TLC revealed the atsenf
starting material, the solution was filtered, matl@line with 10% NaOH and then extracted with etoetate. The
extract was washed with water, dried over,®@, and evaporated. The crude solid was used for &x¢ step
without further purification.

General procedure for the synthesis of 5-fluorcs@bistituted)-1H-benzo[d]imidazole-2-thi@b-j)

To a stirred solution of 4-(substituted)-5-fluorerizene-1,2-phenylenediami(®b-j) (5 mmol) in ethyl alcohol (25
ml) was addedootassium hydroxid€¢l5 mmol), water (5mL) and carbon disulphide (10 Mymdhe resultant
solution was heated with stirring under nitrogemadphere for 5-6 hours. After completion of thdwdhg period
the reaction mixture was cooled to room temperatun@ poured into water (100mL). The resultant smtutvas
treated with 30% acetic acid solution to a pH 448 product separated either as a solid or a3'tod.solid material
formed was filtered through Buchner funnel and veaskith water. The crude product that separatedilasn
treatment with dilute acetic acid solution was agted with ethyl acetate. The combined organicrlawses washed
with water and dried over anhydrous sodium sulph@ite solvent was removed under reduced pressuaédal
the crude product that was purified by recrystatlian from aqueous ethanol to afford pa¢e-j).

6-chloro-5-fluoro-1H-benzo[d]imidazole-2-thioB4)

Cream colored solid (71%); mp 291-294 °C; IR (KBm®): 3400 (NH), 3117, 3070 (Ar CH), 1625 (C=N), 1520,
1500, 1465 (C=C), 1155 (Ar C-F), 1050 (Ar C-CH-NMR (DMSO):J 7.16-7.18 (d, 1HJ = 8.80 HZ, ArH), 7.24-
7.26 (d, 1HJ = 6.8 HZ, ArH), 12.69 (s, 1H, NH or SH), 12.76 {$J, NH or SH). MS (ESI) m/z: 202 (M+1), 203
(M+2). Anal. Calcd for GH4CIFN,S: C, 41.49; H, 1.98; N, 13.82. Found: C, 41.351190; N, 13.74.

5-fluoro-6-phenoxy-1H-benzo[d]imidazole-2-thi@bj

Brown solid (70%); mp 232-234 °C; IR (KBr, ¢ 3446 (NH), 3132, 3070 (Ar CH), 1624 (C=N), 153510,
1475 (C=C), 1215, 1192 (C-O-C), 1157 (Ar C-FJ-NMR (DMSO): ¢ 6.87-6.89 (d, 1H) = 7.2 HZ, ArH), 6.93-
6.95 (d, 2HJ = 8.0 HZ, ArH), 7.07-7.09, 7.09-7.10 (t, 18+ 7.2 HZ,J = 7.6 HZ, ArH), 7.14-7.17 (d, 1H,= 10.0
HZ, ArH), 7.32-7.36 (m, 2H, ArH), 12.57 (br.s, 28H and NH). MS (ESI) m/z: 260.1 (M+1). Anal. Calfrt
C13HoFN,OS: C, 59.98; H, 3.48; N, 10.76. Found: C, 59.803H40; N, 10.78.

6-(4-chloro phenoxy)-5-fluoro-1H-benzo[d]imidazdethiol (3c)

Cream colored solid (77%); mp 237-239 °C; IR (KBm'): 3490 (NH), 3130, 3082 (Ar CH), 1650 (C=N), 1593,
1471 (C=C), 1226, 1193 (C-O-C), 1170 (Ar C-F), 118t C-Cl). *H-NMR (DMSO): § 6.93-6.95 (d, 1HJ = 6.8
HZ, ArH), 6.97-6.99 (d, 2HJ = 8.8 HZ, ArH), 7.16-7.18 (d, 1H,= 10.0 HZ, ArH), 7.37-7.40 (d, 2H,= 9.2 HZ,
ArH), 12.59 (s, 1H, NH or SH), 12.68 (s, 1H, NH®¥). MS (ESI) m/z: 294 (M+1), 295 (M+2). Anal. Cdléor
C13HgCIFN,OS: C, 52.97; H, 2.73; N, 9.50. Found: C, 52.812168; N, 9.53.

5-fluoro-6-(p-tolyloxy)-1H-benzo[d]imidazole-2-thi¢sd)

Pale yellow solid (69%); mp 282-285 °C; IR (KBr, ©m3394 (NH), 3124, 3082 (Ar CH), 2989, 2955 (alfib
CH), 1626 (C=N), 1606, 1508, 1476 (C=C), 1217, 1(Q0-C), 1159 (Ar C-F)'H-NMR (DMSO): 5 2.25 (s, 3H,
CH,), 6.80-6.81 (d, 1H) = 7.2 HZ, ArH), 6.83-6.87 (d, 2H,= 14.4 HZ, ArH), 7.12-7.14 (d, 1H,= 7.2 HZ, ArH),
7.15-7.16 (d, 2HJ = 3.6 HZ, ArH), 12.50 (s, 1H, NH or SH), 12.651%J, NH or SH). MS (ESI) m/z: 274.1 (M+1).
Anal. Calcd for G4H;;FNL,OS: C, 61.29; H, 4.04; N, 10.21. Found: C, 61.2031K5; N, 10.26.

5-fluoro-6-(naphthalen-1-yl oxy)-1H-benzo[d]imidde&-thiol (3€)

Light brown solid (79%); mp 246-248 °C; IR (KBr, &n 3406 (NH), 3126, 3064 (Ar CH), 1626 (C=N), 1599,
1579, 1480 (C=C), 1259, 1232 (C-O-C), 1163 (Ar C*F}NMR (DMSO): ¢ 6.78-6.80 (d, 1HJ = 7.6 HZ, ArH),
6.89-6.91 (d, 1HJ = 7.2 HZ, ArH), 7.20-7.22 (d, 1H,= 10.0 HZ, ArH), 7.37-7.39, 7.39-7.41 (t, 14+ 8.0 HZ,J
=7.6 HZ, ArH), 7.56-7.62 (m, 2H, ArH), 7.66-7.68, @H,J = 8.4 HZ, ArH), 7.96-7.98 (m, 1H, ArH), 12.52 (&,
NH or SH), 12.67 (s, 1H, NH or SH). MS (ESI) m/2031 (M+1). Anal. Calcd for GH1,FN,OS: C, 65.79; H, 3.57;
N, 9.02. Found: C, 65.71; H, 3.49; N, 8.98.

289
www.scholarsresearchlibrary.com



B. Nandhaet al Der Pharma Chemica, 2013, 5 (1):287-295

5-fluoro-6-(naphthalen-2-yl oxy)-1H-benzo[d]imidde&-thiol (3f)

Light brown solid (75%); mp 253-255 °C; IR (KBr, & 3410 (NH), 3123, 3069 (Ar CH), 1621 (C=N), 1599,
1579, 1480 (C=C), 1245, 1221 (C-O-C), 1155 (Ar C*FyNMR (DMSO0):6 6.75 (d, 1HJ = 7.6 HZ, ArH), 6.88
(d, 1H,J = 7.6 HZ, ArH), 6.98 (s, 1H, ArH),7.23 (d, 1H, H-&= 10.2 HZ, ArH), 7.34 (t, 1H) = 8.0 HZ, ArH),
7.54 (t, 1HJ = 8.0 HZ, ArH), 7.63 (d, 2H] = 7.6 HZ, ArH), 8.21 (m, 1H, ArH), 12.50 (s, 1HHNr SH), 12.62 (s,
1H, NH or SH). MS (ESI) m/z: 310 (M+1). Anal. Caléar C;;H1,FN,OS: C, 65.79; H, 3.57; N, 9.02. Found: C,
65.66; H, 3.52; N, 8.95.

5-fluoro-6-(1H-imidazol-1-yl)-1H-benzo[d]imidazokthiol (3g)

Cream colored solid (60%); mp 270-272 °C; IR (KBm'): 3458 (NH), 3074 (Ar CH), 1627 (C=N), 1543, 1510,
1481 (C=C), 1347 (Ar C-N), 1155 (Ar C-FH-NMR (DMSO0): 6 7.09 (d, 1H, J = 1.6 HZ, imidazole-H), 7.21 (d,
1H,J=10.4 HZ, ArH), 7.24-7.25 (d, 1H,= 6.4 HZ, ArH), 7.49-7.50 (d, 1H,= 1.6 HZ, imidazole-H), 7.95 (s, 1H,
imidazole-H), 12.81 (s, 2H, SH and NH). MS (ESI)zm234.1 (M-1). Anal. Calcd for gH;FN,S: C, 38.70; H,
2.27; N, 23.91. Found: C, 38.62; H, 2.21; N, 23.85.

5-fluoro-6-(1H-1,2,4-triazol-1-yl)-1H-benzo[d]imidale-2-thiol 8h)

Brick red colored solid (64%); mp 280-282 °C; IRRK cm®): 3421 (NH), 3140, 3101 (Ar CH), 1629 (C=N), 1562,
1512, 1502, 1475 (C=C), 1381 (Ar C-N), 1149 (Ar L4H-NMR (DMSO):d 7.12 (s, 1H, NH or SH), 7.15 (s, 1H,
NH or SH), 7.26 (s, 1H, H-7, ArH), 7.28 (s, 1H, HAIrH), 8.20 (s, 1H, triazole-H), 8.88 (s, 1H, wide-H). MS
(ESI) m/z: 235.1 (M+1). Anal. Calcd forgBsFNsS: C, 45.95; H, 2.57; N, 29.77. Found: C, 45.98;2t51; N,
29.73.

5-fluoro-6-(piperidin-1-yl)-1H-benzo[d]imidazole-iol (3i)

Grey solid (61%); mp 168-170 °C; IR (KBr, & 3421 (NH), 3124, 3088 (Ar CH), 2937 (aliphati¢i); 1620
(C=N), 1480, 1452 (C=C), 1234, 1180, 1124 (aliph&@iN), 1139 (Ar C-F)'H-NMR (DMSO0): § 1.49-1.51 (m,
4H, piperidine CH), 2.85-2.92 (m, 6H, piperidine GH 6.72-6.73 (d, 1H) = 7.6 HZ, ArH), 6.90-6.93 (d, 1H, =

11.6 HZ, ArH), 12.39 (s, 2H, NH and SH). MS (ESIjzn251.1 (M+1). Anal. Calcd for GH:4FNsS: C, 57.34; H,
5.61; N, 16.71. Found: C, 57.25; H, 5.53; N, 16.62.

5-fluoro-6-(pyrrolidin-1-yl)-1H-benzo[d]imidazole-thiol (3j)

Off-white solid (59%); mp 152-155 °C; IR (KBr, ¢t 3450 (NH), 3000 (Ar CH), 2920 (aliphatic CH), 35
(C=N), 1520, 1459, 1447 (C=C), 1215 (aliphatic G-MJ41 (Ar C-F).'H-NMR (DMSO): § 1.22 (m, 6H,
pyrrolidine CH), 3.77-3.83 (m, 2H, pyrrolidine Gi 7.45-7.47 (d, 1H) = 9.6 HZ, ArH), 7.61-7.63 (d, 1H,= 9.6
HZ, ArH), 7.83 (s, 1H, SH), 12.94 (s, 1H, NH). MBS]) m/z: 237 (M+1). Anal. Calcd for,gH1,FN;S: C, 55.67;
H, 5.09; N, 17.70. Found: C, 55.60; H, 5.14; N6b/.

5-(4'-(bromo methyl) biphenyl-2-yl)-1-trityl-1H-tazole @)

To a stirred solution of 5-(2-(4'-Methyl)-biphemtrityl-1H-tetrazole (5 mmol) and N-bromosuccinda (5
mmol) in dry carbon tetrachloride (25 ML), was addéibenzoyl peroxide (2 mmol). The resultant solutivas
refluxed for 10 hours. The mixture was cooled tommaemperature and filtered. The filtrate was cotreged under
pressure to affor@4). White solid (83%); mp 151-153 °C; IR (KBr, & 3055 (Ar CH), 3028 (benzylic G
1606 (C=N), 1595 (N=N), 1529, 1510, 1491 (C=C), A18H,Br), 1354, 1282 (Ar C-N), 609 (C-BrfH-NMR
(DMSO0): 6 4.63 (s, 2H, benzylic Chl, 6.81-6.87 (m, 6H, ArH), 7.04-7.06 (d, 2B= 8.4 HZ, ArH), 7.26 (d, 2H]
= 8.0 HZ, ArH), 7.29-7.39 (m, 15H, trityl), 7.454B (d, 1H,J = 12.0 HZ, ArH), 7.53 (t, 1H] = 7.6 HZ, ArH),7.60
(t, 1H,J=7.6 HZ, ArH), 7.79-7.82 (d, 1H,= 12.0 HZ, ArH). MS (ESI) m/z: 557 (M+1).

General procedure for the synthesis of 5-fluora:2-[1-trityl tetrazol-5-yl) biphenyl-4-yl methyl}hio]-6-
substituted-1H-benzimidazq(ga-j)

To a stirred solution of3a-j) (2 mmol) and anhydrous potassium carbonate (4 fnmd@ml of dry DMF at room
temperature was added dropwise aryl alkyl haliléZ mmol) dissolved in 8ml of dry DMF. After theditlon was
complete, the resulting solution was stirred atmdemperature under nitrogen atmosphere over diffeperiods

till the completion of the reaction. When TLC relezhthe absence of starting material, the reaatidtture was
poured into water (100 mL), followed by extractiatith ethyl acetate.The extract was washed with wdtene,
dried over anhydrous sodium sulphate, filtered amshcentrated under vacuum. The crude product was
chromatographed on silica gel (60-120 mesh) with02% of ethyl acetate in petroleum ether / cyclamex
(gradient elution) as an eluent to aff¢a-j).
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6-chloro-5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) iphenyl-4-yl methyl) thio]-1H-benzimidazolkeaj

Yellow fluffy solid (72%); mp 101-103 °C; IR (KBgm™): 3460 (NH), 3061, 3032 (Ar CH), 2929 (benzylic $H
1655 (C=N), 1626 (N=N), 1599, 1583, 1491, 1467 (L4340 (Ar C-N), 1149 (Ar C-F), 1030 (Ar C-CIH-NMR
(DMSO0): 6 4.53 (s, 2H, benzylic C§), 6.83-6.87 (m, 6H, ArH), 7.00 (d, 2Hd,= 8.0 HZ, ArH), 7.19-7.36 (m, 15H,
trityl), 7.41-7.43 (d, 1HJ) = 8.0 HZ, ArH), 7.52 (t, 1H) = 7.6 HZ, ArH), 7.58 (t, 1H) = 7.6 HZ, ArH), 12.83 (br.s,
1H, NH). MS (ESI) m/z: 678.2 (M+1). Anal. Calcd f@5H.sCIFNgS: C, 70.73; H, 4.15; N, 12.37. Found: C, 70.61;
H, 4.19; N, 12.45.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-4/1 methyl) thio]-6-(phenoxy)-1H-benzimidazofb)

Light brown powder (74%); mp 86-88 °C; IR (KBr, ¢jn 3427 (NH), 3075 (Ar CH), 2920 (benzylic @H1654
(C=N), 1600 (N=N), 1491, 1473 (C=C), 1365 (Ar C-NP20 (C-O-C), 1165 (Ar C-F{H-NMR (DMSO): § 4.54
(s, 2H, benzylic CH), 6.92 (d, 1H,J = 6.8 HZ, ArH), 6.98 (t, 1H] = 13.2 HZ, ArH), 7.06 (d, 1H] = 8.0 HZ, ArH),
7.14 (d, 1HJ = 10.2 HZ, ArH), 7.20-7.37 (m, 19H, ArH), 7.55 {1, J = 7.9 HZ, ArH), 7.60-7.65 (m, 6H, ArH),
12.72 (br.s, 1H, NH). MS (ESI) m/z: 736.3 (M+1). #nCalcd for GeH33sFNsOS: C, 74.98; H, 4.51; N, 11.40.
Found: C, 74.89; H, 4.45; N, 11.34.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(4-chloro phenoxy)-1H-benzimidiée &c)

Cream colored solid (71%); mp 117-119 °C; IR (K&m'): 3417 (NH), 3075 (Ar CH), 2930 (benzylic @H1660
(C=N), 1640 (N=N), 1485, 1473, 1431 (C=C), 1370 @), 1230 (C-O-C), 1160 (Ar C-F), 1100 (Ar C-Clj-
NMR (DMSO): § 4.52 (s, 2H, benzylic Chi, 6.83-6.85 (m, 6H, ArH), 6.92-6.94 (2H, 3= 9.20 HZ, ArH), 7.00-
7.02 (d, 2H,J = 8.0 HZ, ArH), 7.28-7.37 (m, 15H, trityl), 7.4345 (d, 1H,J = 7.60 HZ, ArH), 7.51 (t, 1H) =
13.80 HZ, ArH), 7.58-7.60, 7.60-7.62 (t, 1H= 7.60 HZ,J = 7.60 HZ, ArH), 7.77-7.79 (d, 1H,= 6.80 HZ, ArH),
12.76 (br.s, 1H, NH). MS (ESI) m/z: 770.2 (M-1). &nCalcd for GeH3,CIFNsOS: C, 71.63; H, 4.18; N, 10.89.
Found: C, 71.72; H, 4.25; N, 10.86.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(4-tolyloxy)-1H-benzimidazolkd]

Amber colored solid (68%); mp 107-109 °C; IR (KBmi*): 3408 (NH), 3124, 3064 (Ar CH), 2924 (benzylic $H
2830 (aliphatic CH), 1627 (C=N), 1606 (N=N), 150850 (C=C), 1361 (Ar C-N), 1200 (C-O-C), 1157 (AFL
'H-NMR (DMSO0): 6 2.35 (s, 3H, Ch), 4.54 (s, 2H, benzylic CH 6.81-6.83 (m, 6H, ArH), 6.90 (d, 1H,= 7.2
Hz, ArH), 7.02 (d, 1HJ = 8.0 HZ, ArH), 7.26-7.35 (m, 15H, trityl), 7.3d,(2H,J = 8.0 HZ, ArH),7.41 (d, 2H) =
12.0 HZ, ArH), 7.52 (t, 1HJ = 13.40 HZ, ArH), 7.58 (t, 1H] = 13.57 HZ, ArH), 12.70 (br.s, 1H, NH). MS (ESI)
m/z: 750.4 (M+1). Anal. Calcd for&H3sFNsOS: C, 75.17; H, 4.69; N, 11.19. Found: C, 75.054185; N, 11.14.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(naphthalene-1-oxy)-1H-benziaidle 6€)

Brown fluffy solid (72%); mp 97-99 °C; IR (KBr, ¢i: 3416 (NH), 3075 (Ar CH), 2920 (benzylic G 1650
(C=N), 1597 (N=N), 1492, 1471, 1444 (C=C), 1354 @uN), 1259, 1228 (C-O-C), 1155 (Ar C-FH-NMR
(DMSO0): 6 4.53 (s, 2H, benzylic CH, 6.71 (d, 1HJ = 7.6 HZ, ArH), 6.82-6.86 (m, 6H, ArH), 6.99-7.08, 2H,J

= 8.0 HZ, ArH), 7.19 (d, 1H) = 8.4 HZ, ArH), 7.24-7.40 (m, 15H, trityl), 7.4047 (m, 1H, ArH), 7.53 (t, 2H] =
7.2, 6.0 HZ, ArH), 7.58-7.72 (m, 2H, ArH), 7.77-8.7d, 1H,J = 8.0 HZ, ArH), 7.96 (d, 1H) = 7.6 HZ, ArH),
12.68 (br.s, 1H, NH). MS (ESI) m/z: 786.2 (M+1). édnCalcd for GoH3zsFNsOS: C, 76.31; H, 4.10; N, 10.67.
Found: C, 76.18; H, 4.05; N, 10.71.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(naphthalene-2-oxy)-1H-benziaidle &f)
Brown fluffy solid (76%); mp 90-92 °C; IR (KBr, ¢ 3412 (NH), 3072 (Ar CH), 2925 (benzylic G 1645
(C=N), 1592 (N=N), 1498, 1479 (C=C), 1350 (Ar C-NP53, 1221 (C-O-C), 1150 (Ar C-FH-NMR (DMSO): 6
4.53 (s, 2H, benzylic C§), 6.81-6.86 (m, 6H, ArH), 6.99-7.03 (m, 1H, ArH)20-7.22 (d, 1HJ = 8.0 HZ, ArH),
7.27-7.37 (m, 15H, trityl), 7.51-7.56 (t, 2B= 9.2, 10.4 HZ, ArH), 7.58-7.72 (m, 6H, ArH), 7-7780 (d, 1HJ =
12.0 HZ), 12.69 (br.s, 1H, NH). MS (ESI) m/z: 788+1). Anal. Calcd for GH3sFNsOS: C, 76.31; H, 4.10; N,
10.67. Found: C, 76.20; H, 4.03; N, 10.74.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(imidazole-1-yl)-1H-benzimidded5g)

Off-white Solid (65%); mp 158-160 °C; IR (KBr, ¢th 3421 (NH), 3057, 3159 (Ar CH), 2924 (benzylic $H
1636 (C=N), 1600 (N=N), 1599, 1583, 1492, 1473,0142=C), 1338 (Ar C-N), 1140 (Ar C-F)H-NMR (DMSO):
0 4.51 (s, 2H, benzylic Chl 7.02 (d, 1HJ = 8.0 HZ, ArH), 7.15 (d, 1HJ = 12.0 HZ, ArH), 7.18-7.35 (m, 19H,
ArH), 7.27 (d, 1HJ = 4.1 HZ, Imidazole-H), 7.40 (d, 2H,= 4.8 HZ, ArH), 7.46 (d, 1H] = 4.1 HZ, imidazole-H)
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7.70 (d, 2HJ = 4.4 HZ, ArH), 8.03 (s, 1H, imidazole-H), 12.7dr.6, 1H, NH). MS (ESI) m/z: 710.4 (M-1). Anal.
Calcd for G3H3FNgS: C, 72.65; H, 4.39; N, 15.76. Found: C, 72.504129; N, 15.79.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-4/1 methyl) thio]-6-(1,2,4-triazole-1-yl)-1H-benzutazole 6h)

Merun colored Solid (63%); mp 145-146 °C; IR (KBm™): 3431 (NH), 3080 (Ar CH), 2920 (benzylic G}1654
(C=N), 1610 (N=N), 1500, 1473, 1444 (C=C), 1360 @uN), 1150 (Ar C-F)!H-NMR (DMSO): § 4.50 (s, 2H,
benzylic CH),7.04 (d, 1H,J = 6.4 HZ, ArH),7.16 (d, 1H]) = 8.8 HZ, ArH), 7.20-7.36 (m, 19H, ArH), 7.38 @H, J

= 8.0 HZ, ArH), 7.68 (d, 2H) = 6.72 HZ, ArH), 8.41 (s, 1H, triazole-H), 8.6Q (#, triazole-H), 12.70 (br.s, 1H,
NH). MS (ESI) m/z: 711.3 (M+1). Anal. Calcd for£i30FNyS: C, 70.86; H, 4.24; N, 17.70. Found: C, 70.91; H,
4.35; N, 17.65.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(piperidine-1-yl)-1H-benzimidale (i)

Grey colored solid (58%); mp 127-129 °C; IR (KBmt): 3410 (NH), 3100 (Ar CH), 2929 (benzylic G}2880
(piperidine CH), 1650 (C=N), 1620 (N=N), 1480, 1460, 1440 (C=0330 (aliphatic C-N), 1150 (Ar C-F}H-
NMR (DMSO): 6 1.50 (m, 6H, piperidine Chl 2.70 (m, 4H, piperidine CHi 4.55 (s, 2H, benzylic CHl 7.03 (d,
1H,J=7.84 HZ, ArH), 7.19 (d, 1H] = 12.88 HZ, ArH), 7.22-7.37 (m, 15H, trityl), 7.4248 (m, 6H, ArH), 7.53 (t,
1H,J = 13.70 HZ, ArH), 7.55 (t, 1H] = 13.32 HZ, ArH), 12.77 (br.s, 1H, NH). MS (ESI)an727.4 (M-1). Anal.
Calcd for GsHsgFN,S: C, 74.25; H, 5.26; N, 13.46. Found: C, 74.185122; N, 13.49.

5-fluoro-2-[(2'-(1-trityl tetrazol-5-yl) biphenyl-41 methyl) thio]-6-(pyrrolidine-1-yl)-1H-benzimidale &j)

Light grey solid (55%); mp 133-135 °C; IR (KBr, & 3453 (NH), 3090 (Ar CH), 2924 (benzylic GH 2860
(pyrrolidine CH,), 1650 (C=N), 1627 (N=N), 1500, 1450, 1430 (C=0322 (aliphatic C-N), 1160 (Ar C-FjH-

NMR (DMSO):¢ 1.60 (m, 4H, pyrrolidine-C}), 2.75 (m, 4H, pyrrolidine-C}J, 4.55 (s, 2H, benzylic CHji 7.0 (d,
1H,J=7.5 HZ, ArH), 7.19 (d, 1H) = 9.8 HZ, ArH), 7.23-7.36 (m, 15H, trityl), 7.444B (m, 6H, ArH), 7.51 (t,
1H,J=12.30 HZ, ArH), 7.57 (t, 1H] = 12.79 HZ, ArH), 12.75 (br.s, 1H, NH). MS (ESI)an713.4 (M-1). Anal.
Calcd for G4H3s6FN;S: C, 74.03; H, 5.08; N, 13.73. Found: C, 73.914199; N, 13.65.

RESULTSAND DISCUSSION

Chemistry

The synthetic pathways for the preparation of ithe compound$a-j are shown in the schemes 1 and 2. 5-chloro-
4-fluoro-2-nitro anilinel was synthesized from the commercially availabEh®ro-4-fluoro aniline by nitration of
the acetylated aniline followed by acid hydrolysiEhe position of the N©group in1 was confirmed by
comparative assessment of #8-NMR and *°F-decoupled'H-NMR. Synthesis of the appropriate substituted-2-
mercapto benzimidazoledb-j is depicted in scheme-1. Nucleophilic displacenafnaryl chloride in 5-chloro-4-
fluoro-2-nitro anilinel with appropriate phenols / secondary amines yiehigo anilinelb-j which was reduced
and immediately cyclocondensed with ®an EtOH-KOH solution to givab-j. We found that treatment @fand
1b-j with zinc dust in the presence of HCI at r.t. efiéel a clean reduction of the nitro group to prewadgood yield

of the corresponding O-phenylene diam®ag . For the synthesis of unsubstituted-2-mercaptaib@dazole3a the
corresponding diamine df was immediately cyclocondensed with .08 an EtOH-EIN solution to furnish 6-
chloro-5-fluoro-1H-benzo[d]imidazole-2-thiol based the reported method [26] as shown in scheme-1.

Compounds3a-j are the key intermediates for the synthesis gfetacompoundSa-j. A series of 5-fluoro-2-[(2’-(1-
trityl tetrazol-5-yl) biphenyl-4-yl methyl) thio]-8ubstituted-1H-benzimidazoles were prepared bylation of
substituted mercaptobenzimidazoles with the arlllahalide 5-(4’-(bromo methyl) biphenyl-2-yl)-1ityl-1H-
tetrazole in presence of potassium carbonate irDdff at room temperature (scheme-2). The crudeymtodias
chromatographed on silica gel (60-120 mesh) wil02 ethyl acetate in petroleum ether/cyclohexaredftird 5a-

j. Structures of synthesized compouBdsg and5a-j were confirmed by IR'H NMR, Mass spectra and their purity
by elemental analysis. IR spectra of compousa showed a broad band at 3410-3420'iH stretching) while
their '"H NMR spectra showed singlets &t12.38-12.94 ppm corresponding to SH and NH whishfiomed the
cyclized structure. Higher nucleophilicity and patability of SH group as compared to the NH, farsothe S-
alkylation rather than the alkylation of NH in thenzimidazole ring [27]. The IR spectra of the pritd5a-j reveal
the appearance of the benzylic S.(tnds at 2920-2929 chand*H NMR spectra display the benzylic proton -
CH,- as a sharp singlet signal@a#.50-4.55 ppm and also disappearance of one dimbesinglets for SH and NH
seen inH NMR spectra of 4(a-j) at 12.38-12.94 ppm is taken as an evidence for aikylaf the SH group. In the
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'H NMR spectra of all the compounds of seffes, a NH proton appears at 12.65-12.85 ppm, accogiitinthe
NH proton of the benzimidazole ring.

ﬁ@[NHZ Zn. HCl NO:  RH, DMF NO,  zZn, HC NH,
-—— _— _—
HeOH
a NH, CoHe a NH,  K,CO; R NH, GCHOH R NH,
2a 1 1b+j 2bi
CS,, Et3N
C,HsOH CS,, KOH
C,HsOH

Br Nep

R N Ne & ph R
O - Sk, ame
- N  ——
H O Ph a6hr

IZYZ

Ny
NG Ph
N\_ N
s
O o
O Ph

3aj 4 5aj
o~ o~ o o’
a
S R= O\ 5g; R N\ — ser= N N
B PR= R=E s N B R= j; R= —
C K, sr= [y
Scheme2

Antimicrobial activity

All the synthesized compounds were evaluaitedvitro for their antibacterial and antifungal activity adgst
representative strains of Gram-positiBagillus subtilis Staphylococcus aurepand Gram-negativiP6eudomonas
aeruginosa Escherichia coli bacteria and four standard fundgCandida albicans Candida krusei Candida
glabrata and Candida tropicaliy. The clinical samples of these strains were mextudrom National Centre for
Industrial Microorganisms (NCIM) pune, India. Amijtio and fluconazole were used as reference driigble 1
summarizes the results of our antibacterial aniLengal studies of all the synthesized compounds.

Antifungal activity

In-vitro agar diffusion method and broth dilution assayemased to determine the effects of compoused$ on
yeast growth. Yeasts were grown on sabouraud dextagar plate for 24 h at 35 °@itial screening of all the
described benzimidazoles against fungal culturesvet that the compoundSe( 5f) and 6&i, 5j) were only poorly
active against fungi with growth inhibition zoremm when tested at 10Q@/mL by agar diffusion method [28].
However, compounds 6(a-d) and 6(g, h) showed gotidity againstCandidaspecies with growth inhibition zone
>9mm. The minimum inhibitory concentration (MIC) nseaement was determined for the compounds 6(a-j)
againstCandida species using micro-broth dilution method in 98hweicrotest plates as per NCCLS document
M27-A with a slight modification [29].
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Cultures on receipt were sub cultured in SDA plaaes further stored in slants as stock cultures. the
experiments, stock culture was incubated at 35 dIC2#4 h. The stock culture was adjusted to 0.5 MekRd
standard turbidity and used for assay. Tests wer®mmed in RPMI 1640 medium (Sigma-Aldrich) buéfdrto PH
7.0 with 0.165M 3-(N-morpholino)-propanesulphonada(MOPS, Sigma-Aldrich). The final concentratiasfsthe
test compounds ranged from 1.0 to 512ug/mL. In #sisay, the minimum concentration of each testtanbs
required to inhibit the growth of fungi was detene. For this assay, the compounds to be testeg digsolved in
DMSO serially diluted in growth medium, inoculatedth 100 pL of individual fungal inoculums (1X1CFU per
mL) to each well of the micro titer plate and tlealed microplates were incubated at 35 °C for 48 & humid
atmosphere. Solvent control (DMSO) and sterilityntcols were maintained throughout the experimerite T
microdilution plates were inspected visually toedtatine the growth of the organism as indicateduskidlity (In
fact, turbidity of the culture medium is indicatigéthe presence of a large number of cells). Th#swn which the
drug or test compound is present in concentratidficient to inhibit fungal growth remain clear. Bxperimental
terms the MIC is the concentration of the drugest tcompound present in the well, i.e. in the vialing the
lowest concentration in which growth is not observe

Antibacterial activity

All the synthesized compounds were evaluated inovégainst bacterial strains by paper disc diffusand
microdilution methods using liquefied Mueller Hintagar and broth [30]. Preliminary antibacteriakening was
performed by the agar diffusion method using pagiecs impregnated with the test compounds. For the
microdilution assay, the compounds to be tested wlessolved in dimethylsulphoxide (1.0 to 512pg/mskjially
diluted in Mueller Hinton broth, inoculated to tbherresponding wells with the required amount ofitteeulums to
obtain a suspension of microorganism, which costaiiCFU per mL. Wells containing only inoculated bretas
kept as controls. After incubation for 24 h at 37, the well with no growth of microorganism was geted to
represent MIC expressed in pg/mL.

Table 1 Antimicrobial activity of compounds 5(a-J) against different strains of bacteria and fungi

GlIz" and MIC of compounds and Std drugs against bacterial amgid cultures

C.albicans C.glabrata C.krusei C.tropicalis S.aureus _B.subtilis E.coli P.aeruginosa
Compd GIZ MIC Glz MIC Iz MIC GIZ MIC GlZz MIC GIZ MIC GlZz MIC GIZ MIC
5a 14 16 17 16 6 116 17 16 4 >64 9 64 4 >64
5b 9 32 8 32 9 32 10 32 3 >64 9 64 4 >64 - -
5¢c 15 16 18 16 17 16 15 16 15 32 16 32 12 64 7 >64
5d 11 32 10 32 2132 10 32 9 64 8 64 5 >64 - -
5e 6 64 5 >64 5 64 6 64 4 >64 9 64 5 >64
5f 6 64 6 64 5 64 5 >64 9 46 8 64 5 >64 - -
59 17 16 19 8 17 8 16 16 18 16 19 16 15 32 6 >64
5h 18 8 20 4 17 8 17 8 19 16 18 16 15 32 7 >64
5i 4 >64 3 >64 5 64 3 >64 - - 5 >64 4 >64 - -
5j 4  >64 4 >64 3 >64 3 >64 - - 4 >64 5 >64
Flu 22 2 23 1 20 4 19 4
Amp® 25 2 26 2 23 4 17 64

3 Detailed structures are shown in schem Growth inhibition zone in mni; Minimum inhibitory concentration ing/ml
4 Fluconazole.® Ampicillin.

CONCLUSION

In this study we report the synthesis, charactédraand screening of 10 new substituted fluoroziraidazoles for
antimicrobial activity against four strains of Grgmositive Bacillus subtilis Staphylococcus aureusind Gram-
negative Escherichia coliPseudomonas aerugingshacteria and four standard fun@andida albicansCandida
krusej Candida glabrataand Candida tropicali3. SAR study reveals that azole substituted comg@se&g and5h
with imidazole and 1,2,4-triazole at C-6 on thepfiging of fluoro benzimidazole were the most eetdf all the
compounds and showed significant inhibitory acyidgainst all the bacterial and fungal culturese phesence of
group like Cl in the phenyl ether analbgand in the unsubstituted fluoro benzimidazole terpart5a also play a
significant role in imparting antimicrobial actiyito the compound. Compounfla and5c demonstrated moderate
activity against bacterial and fungal culturescémstrast, no significant activity was found fohert aryl ethe(5b
and 5d-5f) and amine substituted compoun@s, 5j). Therefore, one can propose these azole substingeel
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lipophilic compoundsbg and 5h as potential antibacterial and antifungal ageRtsther structural optimization
studies are in progress.
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