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ABSTRACT

A series of thirteen imidazole and 1,2,4-triazole substituted fluoro benzimidazoles (8a-i), (9a-b) and (11a-b) with
phenyl and benzyl group at 2™ position were synthesized and screened for antitubercular activity against Haz;Ry
strain and antifungal activity against Candida species. Both imidazole and 1,2,4-triazole substituted fluoro
benzimidazoles with 2-benzyl and 4-N(CHs), substituted 2-phenyl/2-phenyl-1-benzyl counterpart were found to be
the most active of all the compounds. To examine the influence of azole moiety on the activity chlorine substituted
fluoro benzimidazole (5) was synthesized. The newly synthesized compounds were characterized by I.R, *H-NMR,
BC-NMR, Mass and elemental analysis. In vitro antitubercular and antifungal activity data revealed that the
benz midazol e scaffold with imidazole or triazole moiety were important for antitubercular and antifungal activity.

Keywords: Fluoro benzimidazole, Antitubercular activity, Afotigal activity, Candida species Mycobacterium
tuberculosis.

INTRODUCTION

The major drawbacks with the therapeutic agentsrfgcobacterial and fungal infections are prolongeatment
regimen with combination of drugs associated witmnificant toxicity and emergence of multi-drug igtant
(MDR) bacteria and fungi causing morbidity and rabity in immunocompromised hosts. The necessity for
effective therapy has stimulated research intodiagign and synthesis of novel compounds which czat both
mycobacterial and fungal infections.

Tuberculosis is a deadly infectious disease cabgetie pathogeniMycobacterium tuberculosis (Mtb) and poses a
major health concern to world population [1]. Déspadvances in chemotherapy, the frequency of eever
mycobacterial infection present major challengedtie effective control of TB and it still remaiaseading cause

of death worldwide [2-4]. Over the past two decasiggificant developments in pharmaceutical researcvarious
species of tuberculosis has been made with fociusyetietic products to find potential drug candidatgainst the
resistant strains. In recent years, the increasimgrgence of resistabycobacterium tuberculosis against the
currently used first line anti-TB drugs such asiiaaid, pyrazinamide and rifampicin highlight theed to develop
efficient drugs with high antitubercular potentparticularly effective against the persistent bacilhe azole class
has become one of the most widely developed anelstigated over the past two decades. Azoles arentst
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common heteroaromatic scaffolds present in bioadaolecules [5]. Benzimidazole ring system whiclaisore
structure in various synthetic pharmaceuticals,pldis a broad spectrum of biological activity, indiiog
antibacterial and antifungal properties [6-8]. Didatri substituted benzimidazoles with imidazoléazole and
pyrollidine moiety as part of the structure wereesoed for antitubercular activity againstycobacterium
tuberculosis Hz;Rv strain and have shown better activity compardblehat of standard drugs isoniazid and
rifampicin [9-11]. Numerous reports on compoundshwinidazole and triazole moiety have appeared i
superior to or at least as active as the currenigd class of antitubercular or antifungal aged-16].
Nitroimidazole pyran PA824 derived from 5-nitro thazole has a good in vitro and in vivio activityaagst
Mycobacterium tuberculosis and is a particularly promising candidate for T8atment with MIC as low as 0.015-
0.250 pg/mL [17]. In a more recent report imidazelibstituted and azole-fused quinolines were fanexhibit
potential anti-TB activity againstgRv strain with MIC of 0.39 pg/mL (1 uM) and 0.78/pd. (2 UM) respectively
[18, 19]. QSAR analysis for heterocyclic antifurgyalere performed on 96 compounds to study the tsffaed
antifungal potencies against ti@andida strain and arrived at the general structure ofes@uotent heterocyclic
antifungals. As an outcome of this study, benzimidies were one of the heterocyclics that were itigyated with
the conclusion that a correlation existed betwédengeneral structure and the observed antifungalitstc[20].
Fluorinated pharmaceuticals accounts for nearly 20%e commercially available drug substancesiafidence
of the fluorine on physico-chemical characteristiésthe organic compounds makes it a previligednato the
design and synthesis of biologically active mokefil, 22].

The design and synthesis of imidazole and 1,2a4#te substituted fluoro benzimidazoles was basethe study
of antitubercular/antifungal benzimidazoles, ane tacently reported imidazole substituted/azoleduguinolines
for their antitubercular activity against the pagboic H/Rv strain (figure 1). The synthesized azole sulnstit
fluoro benzimidazoles (FBIMS) were screened foirtaatitubercular activity againdil. tuberculosis Hs;R, and
antifungal activity against different strains@dindida species.
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FBIMS

Figure 1. Structures of potent anti-tubercular compounds and azole substituted fluoro benzimidazoles (FBIMS)
MATERIALS AND METHODS

All chemicals and solvents used for this work welgained commercially and used without further fication.
Melting points of the synthesized compounds werterdgned in open capillaries and are uncorrectdd.ai-
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sensitive reactions were carried out under nitrcegemosphere. IR spectra were recorded on a shira® FT-IR
spectrometer as KBr disc#d-NMR, *C-NMR and**F-decoupledH-NMR spectra were recorded on a Bruker
Avance-400 MHZ spectrometer. The values of chemstélts are expressed in ppm relative to,$1e(0=0) in
DMSO-d; and thel values in hertz (HZ). Signal multiplicities arepresented by s [singlet], d [doublet], t [triplet],
dd [double doublet], m [multiplet] and br.s [brosidglet]. Mass spectra were recorded on a LC/MSBE0 triple
guad mass spectrometer by electron spray ionizakitemental analyses were performed on Perkin-EI24€0
CHN elemental analyzer and the found values wethinit 0.4% of the theoretical values. The progrekshe
reaction was monitored by thin layer chromatograplith Fs4 silica-gel precoated sheets and the spots were
visualized by exposing them to iodine vapour orlight was used for detection B254.

5-chloro-4-fluoro-2-nitro aniline (3)

Orange needle (85%); mp 143-145 °C; IR (KBr, 3493, 3319, 3050, 1639, 1593, 1570, 1502, 14485,
1445, 1334, 1242, 1074, 10044-NMR (400 MHZ, DMSO-¢): 6 6.00 (br.s, 2H, Nb), 6.90-6.91 (d, 1H, H-3] =
4.0 HZ, ArH), 7.91-7.94 (d, 1H, H-6,= 12.0 HZ, ArH)**F-decoupledH-NMR (DMSO): § 4.75-6.20 (br.s, 2H,
NH,), 6.92 (s, 1H, H-3, ArH), 7.93 (s, 1H, H-6, ArH).

General procedure for the synthesis of 4-fluoro-5-(substituted)-2-nitroaniline (6a, 6b)

Imidazole or 1,2,4-triazole (11 mmol) and anhydrposassium carbonate (20 mmol) were added to disolaf 5-
chloro-4-fluoro-2-nitro aniline (10 mmol) in dry DIM(20 mL). The reaction mixture was then stirred@d °C for
8 to 10 hours. When TLC revealed the absence ofirglamaterial, the reaction mixture was cooledréom
temperature and poured into water (100 mL). Theltast solution was extracted with ethyl acetatee Extract
was then washed with water and dried over anhydsodsum sulphate. The solvent was removed underceztl
pressure to afford 5-(substituted)-4-fluoro-2-nitrenzeneamine. The crude solid was used for thiestep without
further purification.

4-fluoro-5-(1H-imidazol - 1-y1)-2-nitrobenzenamine (6a)

Crystalline yellow solid (85%); mp 219-221 °C; IRRr, cm'): 3473, 3275, 3146, 3126, 1647, 1581, 1527, 1514,
1500, 1383, 1301, 1280, 1257, 1211, SHNMR (400 MHZ, DMSO-g): ¢ 7.15 (s, 1H, imidazole-H), 7.20-7.21
(d, 1H, H-6,J = 6.8 HZ, ArH), 7.48 (br.s, 2H, NJ 7.55 (s, 1H, H-3, ArH), 8.02 (d, 1H, J = 2.0 H@jdazole-H),
8.05-8.06 (d, 1HJ = 3.6 HZ, imidazole-H). MS (ESI) m/z: 222.1 (M-1).

4-fluoro-2-nitro-5-(1H-1,2.4-triazol - 1-yl )benzenamine (6b)

Yellow solid (85%); mp 260-262 °C; IR (KBr, ¢t 3493, 3282, 3155, 3136, 1647, 1583, 1525, 15894, 1260,
1295, 1141, 877H-NMR (400 MHZ, DMSO-g): 6 7.56 (s, 1H, triazole-H), 7.58 (br.s, 2H, jH8.07-8.10 (d, 1H,
H-6,J = 12.0 HZ, ArH), 8.35 (s, 1H, triazole-H), 9.008.(d, 1H, H-3J = 3.2 HZ, ArH). MS (ESI) m/z: 223.1
(M+1).

General procedure for the synthesis of 4-chloro-5-fluoro-1,2-phenylenediamine (4) and 4-(substituted)-5-fluoro-
benzene-1,2-phenylenediamine (7a, 7b)

To a stirred solution of compound, (6aand6b) (10 mmol) in ethyl alcohol containing zinc dus0Q mmol) was
slowly injected concentrated HCI (20 mL) via septusing glass syringe over a period of 2 hours andicued
stirring at room temperature under nitrogen atmesptior another additional 2 hours. When TLC reséahe
absence of starting material, the solution wasrfitl, made alkaline with 10% NaOH and then extdawi¢h ethyl
acetate. The extract was washed with water, dned NgS0O, and evaporated. Because of the instability ofdhes
diamines the reduced compounds were used for titestep without further purification.

General experimental procedure for the synthesis of (5) and 2-(substituted phenyl)-5-fluoro-6-(1H-azole
substituted)-1H-benzo(d)imidazol e derivatives (8a-i)

To a stirred solution of 4-(substituted)-5-fluorerzene-1,2-phenylenediamirg, (7aand 7b) (10 mmol) in dry
DMF was added the corresponding aldehyde (11 mara)sodium metabisulfite (11 mmol). The reactionturie
was heated at 125 °C with stirring under nitrogenasphere for 15 hours. TLC was used to monitoréaetion.
After the completion of the reaction, the mixturasacooled to room temperature and poured into wWa6&r mL),
followed by extraction with ethyl acetate. The arigalayer was washed with saturated sodium bistépnlution,
brine, dried over anhydrous sodium sulphate, &ileand concentrated under vacuum to afferhd (8a-i). The
obtained crude solid was triturated with diethylestand was pure enough for spectral analysis.
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4-(6-chl oro-5-fluoro-1H-benzo[ d] imidazol -2-yl)-N,N-dimethyl benzenamine (5)

Peach colored solid (85%); mp 252-254 °C; IR (K@n'): 3441, 3107, 3093, 3070, 2920, 2899, 1620, 15862,
1435, 1394, 1373, 1361, 1209, 1155, 16BANMR (400 MHZ, DMSO-¢): 6 2.98 (s, 6H, N(Ch).), 6.80-6.82 (d,
2H,J = 8.8 HZ, ArH), 7.49 (br, s, 1H, ArH), 7.62-7.6&, (1H,J = 13.6 HZ, ArH), 7.94-7.97 (d, 2H,= 9.20 HZ,
ArH),12.77 (br.s, 1H, NH). MS (ESI) m/z: 289.1 (M-Rnal. Calcd for GH3CIFNg: C, 62.28; H, 4.49; N, 14.53.
Found: C, 62.07; H, 4.41; N, 14.48.

5-fluoro-2-phenyl-6-(1H-1,2,4-triazol - 1-yl)-1H-benzo[ d] imidazol e (8a)

Brown solid (85%); mp 150-152 °C; IR (KBr, ¢ 3440, 3090, 3050, 1650, 1510, 1470, 1450, 1'HHMR
(400 MHZ, DMSO-@): ¢ 7.51-7.59 (m, 3H, ArH), 7.65-7.67 (d, 1Bi= 16.0 HZ, ArH), 7.78-7.84 (m, 1H, ArH),
7.99 (br.s, 1H, triazole-H), 8.18-8.20 (d, 2Hs 14.0 HZ, ArH), 8.28 (br.s, 1H, triazole-H), 8:889 (d, 1H,J =
18.40 HZ, ArH), 13.34 (s, 1H, NH}*C-NMR (100 MHZ, DMSO-¢): 6 100.42, 100.95, 109.50, 117.12, 118.48,
122.64, 128.48, 135.86, 146.69, 149.66, 153.92,866'MS (ESI) m/z: 279.1 (M+1). Anal. Calcd fogs8;0FNs: C,
64.51; H, 3.58; N, 25.08. Found: C, 64.36; H, 3M525.01.

2-(4-chlorophenyl)-5-fluoro-6-(1H-1,2,4-triazol-1-yl)- 1H-benzo[ d] imidazol e (8b)

Brown solid (85%); mp 224-226 °C; IR (KBr, ¢hm 3417, 3136, 3100, 1610, 1510, 1462, 1440, 11930.'H-
NMR (400 MHZ, DMSO-d): J 7.64-7.66 (d, 2HJ = 8.4 HZ, ArH), 7.78-7.83 (d, 1H] = 18.42 HZ, ArH), 7.98
(br.s, 1H, ArH), 8.18-8.20 (d, 2H,= 8.8 HZ, ArH), 8.27 (s, 1H, triazole-H), 8.97 fr1H, triazole-H), 13.42 (s,
1H, NH). *C-NMR (100 MHZ, DMSO-¢) § 97.96, 98.24, 110.03, 113.55, 122.20, 129.29,5631.31.65, 137.60,
146.13, 152.27, 154.60, 157.77. MS (ESI) m/z: 3181%1). Anal. Calcd for GHeCIFNs: C, 57.50; H, 2.87; N,
22.36. Found: C, 57.56; H, 2.84; N, 22.30.

4-(5-fluoro-6-(1H-1,2,4-triazol - 1-yl)-1H-benzo[ d] i mi dazol - 2-yl)-N,N-di methyl benzenamine (8c)

Pale yellow solid (85%); mp 200-202 °C; IR (KBr, {m3441, 3130, 3076, 2916, 2901, 1610, 1510, 14363,
1359, 1309, 1200, 11484-NMR (400 MHZ, DMSO-q): 6 2.98-3.02 (m, 6H, N(C}},), 6.76-6.80 (m, 1H, ArH),
6.82-6.84 (d, 2HJ = 8.0 HZ, ArH), 7.58-7.68 (m, 2H, ArH), 7.94-8.01, 2H, ArH), 8.26 (s, 1H, triazole-H), 8.95
(s, 1H, triazole-H), 12.90 (br.s, 1H, NHJC-NMR (100 MHZ, DMSO-g): ¢ 39.68, 110.99, 111.73, 116.34, 124.50,
127.72, 127.84, 131.47, 138.40, 145.20, 145.26,5751151.95, 155.73. MS (ESI) m/z: 322.2 (M+1). Ar@alcd
for C;7H1s5FNg: C, 63.35; H, 4.65; N, 26.08. Found: C, 63.2541; N, 26.03.

5-fluoro-6-(1H-1,2,4-triazol-1-yl)-2-(3,4,5,-trimethoxyphenyl )- 1H-benzo[ d] imidazol e (8d)

Brick red solid (85%); mp 136-138 °C; IR (KBr, ébn 3406, 3383, 3207, 3176, 3113, 2968, 2931, 149984,

1470, 1433, 1278, 1240, 1134, 1026, 98BNMR (400 MHZ, DMSO-g): ¢ 3.74 (s, 3H, OCEJ, 3.90 (s, 6H,
20CH), 7.53 (s, 2H, ArH), 7.69-7.76 (d, 18,= 16.20 HZ, ArH), 7.84-7.94 (d, 1H,= 18.40 HZ, ArH), 8.27 (s,
1H, triazole-H), 8.97 (br.s, 1H, triazole-H), 18.%, 1H, NH).**C-NMR (100 MHZ, DMSO-g) ¢ 55.68, 60.60,
100.43, 100.98, 108.13, 109.43, 115.98, 122.22,18829.48, 136.43, 138.44, 145.68, 150.12, 155656 (ESI)

m/z: 369.2 (M+1). Anal. Calcd forgH;6FNsO3: C, 58.53; H, 4.33; N, 18.97. Found: C, 58.614125; N, 18.90.

5-fluor 0-6-(1H-imidazol-1-yl)-2-phenyl -1H-benzo[ d] imidazol e (8€)

Brown solid (85%); mp 171-173 °C; IR (KBr, h 3415, 3178, 3117, 1650, 1510, 1470, 1450, 138@p.'H-
NMR (400 MHZ, DMSO-@): ¢ 6.86-7.16 (m, 4H, ArH), 7.45-7.47 (d, 1Bi= 8.0 HZ, ArH), 7.61-7.63 (d, 1H,=
8.0 HZ, ArH), 7.83-7.87 (d, 2Hl = 16.0 HZ, imidazole-H), 8.29 (s, 1H, imidazole;H2.76 (s, 1H, NH). MS (ESI)
m/z: 278.4 (M-1). Anal. Calcd for gH1,FN,: C, 69.06; H, 3.95; N, 20.14 Found: C, 68.93; 63N, 20.10.

2-(4-chlorophenyl)-5-fluor 0-6- (1H-imidazol -1-yl)- 1H-benzo[ d] imidazol e (8f)

Brown solid (85%); mp 187-130 °C; IR (KBr, ¢ 3405, 3240, 3138, 3117, 1590, 1511, 1479, 147%3, 1105.
'H-NMR (400 MHZ, DMSO-@): § 6.95 (s, 1H, ArH), 7.08 (s, 1H, ArH), 7.22 (s, 1AtH), 7.46-7.48 (d, 2H) =
8.0 HZ, ArH), 7.61-7.63 (d, 2H] = 8.0 HZ, ArH), 7.84-7.88 (d, 2H] = 12.0 HZ, imidazole-H), 8.15 (s, 1H,
imidazole-H), 12.95 (s, 1H, NHY*C-NMR (100 MHZ, DMSO-¢): 6 103.02, 103.32, 106.92, 107.17, 115.59,
122.40, 128.29, 130.49, 139.25, 141.80, 153.50,9P55159.59. MS (ESI) m/z: 312.1 (M+1). Anal. Calfat
Ci6H1oCIFN,: C, 61.53; H, 3.20; N, 17.94. Found: C, 61.453H,1; N, 17.88.

5-fluor 0-6-(1H-imidazol - 1-yl)-2-(4-methoxyphenyl )-1H-benzo[ d] imidazol e (89)
Buff colored solid (85%); mp 211-213 °C; IR (KBm&): 3420, 3118, 3100, 2920, 1620, 1510, 1470, 12640,
1112.*H-NMR (400 MHZ, DMSO-¢): ¢ 3.88 (s, 3H, OCH), 6.94-6.97 (d, 1H) = 12.0 HZ, ArH), 6.98-6.99 (d,
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2H,J = 4.0 HZ, ArH), 7.16-7.19 (d, 1H,=12.0 HZ, ArH), 7.37-7.39 (d, 2H,= 8.0 HZ, ArH), 7.70 (s, 1H, ArH),

8.19-8.31 (m, 3H, ArH), 12.68 (s, 1H, NHJC-NMR (100 MHZ, DMSO-g¢): 6 55.98, 100.40, 100.90, 109.55,
117.11, 122.92, 128.48, 132.66, 135.54, 138.08,564353.90, 155.9MS (ESI) m/z: 308.1 (M+1). Anal. Calcd
for C;7H13FN,O: C, 66.23; H, 4.22; N, 18.18. Found: C, 66.164H2; N, 18.12.

4-(5-fluor o-6-(1H-imidazol-1-yl)-1H-benzo[ d] imidazol -2-yl)-N,N-di methyl benzenamine (8h)

Pale yellow solid (85%); mp 228-230 °C; IR (KBr, &m3373, 3097, 2920, 2897, 2800, 1618, 1500, 14887,
1352, 1311, 1199, 11454-NMR (400 MHZ, DMSO-¢): J 3.03 (s, 6H, N(Ch),), 6.31-6.36 (d, 1H, ArH), 6.83-
6.85 (d, 1H,J = 8.0 HZ, ArH), 6.97-7.00 (d, 1H]) = 12.0 HZ, ArH), 7.69-7.76 (m, 5H, ArH), 8.19 (3H,
imidazole-H), 13.32 (s, 1H, NHMS (ESI) m/z: 321.2 (M-1). Anal. Calcd for;§H:6FNs: C, 67.28; H, 4.98; N,
21.80. Found: C, 67.20; H, 4.91; N, 21.75.

5-fluoro-6-(1H-imidazol-1-yl)-2-(3,4,5-trimethoxyphenyl)-1H-benzo[ d] imi dazol e (8i)

Brick red solid (85%); mp 256-258 °C; IR (KBr, & 3440, 3120, 2925, 1591, 1494, 1467, 1275, 12385,
1055."H-NMR (400 MHZ, DMSO-g): ¢ 3.73 (s, 3H, OCH), 3.89 (s, 6H, 20CH, 7.12 (br.s, 1H, imidazole-H),
7.52 (s, 1H, ArH), 7.54 (s, 1H, ArH), 7.61-7.63 (d{, J = 10.0 HZ, ArH), 7.72-7.75 (d, 1H,= 11.2 HZ, ArH),
7.86-7.88 (d, 1HJ = 6.8 HZ, imidazole-H), 7.98-8.01 (d, 1BI= 11.6 HZ, imidazole-H), 13.19 (s, 1H, NHjcC-
NMR (100 MHZ, DMSO-g): ¢ 55.85, 60.08, 101.56, 101.79, 103.92, 122.01,7127128.81, 138.44, 145.19,
145.24, 149.32, 151.78, 152.98, 153.04. MS (ES: 368.2 (M+1). Anal. Calcd for H;7,FN,Os: C, 61.95; H,
4.61; N, 15.21. Found: C, 61.72; H, 4.53; N, 15.15.

General experimental procedure for the synthesis of 2-benzyl-5-fluoro-6-(1H-imidazol-1-yl)- 1H-benzo(d)imidazole

(92)

To a stirred solution of 4-fluoro-5-(1H-imidazolyl}benzene-1,2-diamin€’§) (10 mmol) in 35% HCI was added
phenylacetic acid (11 mmol). The reaction mixturaswefluxed with stirring under nitrogen atmosphfene24
hours. Completion of the reaction was monitored by TLC.eTdontents were cooled to room temperature and
neutralized with saturated solution of sodium Hicerate. The solid separated was collected byftfiitnaThe crude
product was purified by recrystallization from atba

White solid (76%); mp 197-199 °C; IR (KBr, ¢ 3425, 3118, 2921, 1645, 1550, 1478, 1152, 1845IMR (400
MHZ, DMSO-d&): ¢ 4.52 (s, 2H, Ch), 6.42-6.43 (d, 1HJ) = 4.0 HZ, ArH), 7.27-7.29 (d, 2H] = 8.0 HZ, ArH),
7.41(s, 2H, ArH), 7.54-7.57 (d, 2H,= 12.0 HZ, ArH), 7.91-7.93 (d, 2H] = 8.0 HZ, imidazole), 8.30 (s, 1H,
imidazole), 13.30 (s, 1H, NH}*C-NMR (100 MHZ, DMSO-g): 6 45.50, 103.01, 103.31, 106.91, 107.16, 115.49,
122.50, 128.28, 130.48, 137.26, 139.81, 146.50,4163155.82. MS (ESI) m/z: 292.0 (M-1). Anal. Calfmt
Cy7H13FN4: C, 69.85; H, 4.48; N, 19.15. Found: C, 69.724H4; N, 19.12.

2-(4-chlorobenzyl)-5-fluor o-6-(1H-imidazol-1-y1)-1H-benzo(d)i midazol e (9b).

The compound9b) was prepared as described (@a)

Off-white solid (71%); mp 181-183 °C; IR (KBr, ¢th 3412, 3060, 3030, 2927, 1619, 1500, 1470, 11680.'H-
NMR (400 MHZ, DMSO-d): 6 4.54 (s, 2H, Ch), 7.26-7.37 (m, 3H, ArH), 7.50-7.51 (d, 2H, ArH).93-7.94 (d,
1H, ArH), 7.99-8.01 (d, 1H, ArH), 8.14-8.18 (d, 1khidazole), 8.28 (s, 1H, imidazole), 13.51 (s, NH). °C-
NMR (100 MHZ, DMSO-@): § 45.73, 98.32, 98.56, 103.26, 110.12, 117.98, 121126.68, 128.68, 129.08,
129.70, 137.58, 139.08, 150.22, 156.12.MS (ESI). 1826.1 (M+1). Anal. Calcd for GH,CIFN,: C, 62.49; H,
3.70; N, 17.13. Found: C, 62.40; H, 3.64; N, 17.05.

General experimental procedure for the synthesis of 4-(1-benzyl-5-fluoro-6-(1H-imidazol-1-yl)-1H-
benzo(d)i midazol-2-y1)-N,N-dimethylbenzenamine (11a)

To a cooled (0 °C) solution @&a (0.47 mmol)in DMF was added a suspension of sodium hydridg&(éhmol) in
dimethyl formamide and stirred for 30 min. To tihksction mixture benzyl bromide (0.48 mmol) wasextldnd
continued stirring to room temperature for 3-5 oukfter completion of the reaction as monitoredTyC, the
reaction mixture was poured into ice cold watethveitirring, followed by extraction with ethyl aci&aThe organic
layer was washed with brine and dried over anhyslismdium sulphate, filtered and concentrated undeaum to
afford crudelOathat was used for the next step without furtheifipation. Compound.1awas synthesized from
the mono benzylated nitro compouh@a by subjecting it to reduction and cyclocondensatigtn para dimethyl
amino benzaldehyde as per the procedure mentiamele synthesis of compousdrom 3.
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8b:X=N, R=4-Cl 9b; X=CH, R=4-C
8c;X=N, R=4-N(CHy),
8d; X =N, R=3,4,5(0CHg)3
8e;X=CH, R=H
8f ; X=CH, R=4-Cl
89 ;X =CH, R=4-OCHg
8h; X=CH, R=4-N(CHy),
8i ; X=CH, R=3,4,5(0OCHgy)3

Scheme 1. Reagents and conditions: (i) HNO/H,SO,, 0-5 °C, 7h; (i) HCI/CH;COOH, reflux, 5 h;

(iii) Imidazole/1,2,4-triazole, DMF, K,CO;, stirring, 90 °C, 8h; (iv) Zn/HCl, C,HsOH, rt, 3h; (V) DMF, NaxS,0s,
para dimethyl amino benzaldehyde, stirring, 125 °C, 15h; (vi) Zn/HCl, C,HsOH, stirring, rt, 3h (vii) Substituded
aldehydes, DMF, Na,S,Os, stirring, 125 °C, 15h; (viii) Phenyl acetic acid/para chloro phenyl acetic acid,

35% HC, stirring, reflux, 24h; (ix) Benzyl bromide, DMF, NaH, 0-5 °C to rt, stirring, 12h; (X) Zn/HCl, CHsOH,
3h and DMF, Na,S,0s, para dimethyl amino benzaldehyde, stirring, 125 °C, 15h.

Grey solid (67%); mp 157-159 °GR (KBr, cm™): 3111, 3040, 2949, 1636, 1490, 1430, 1140, 182NMR (400

MHZ, DMSO-d): § 2.99 (s, 6H, N(Ch),), 5.20 (s, 2H, Ch), 6.25-6.27 (d, 2HJ = 8.0 HZ, ArH), 7.33 (br.s, 3H,
ArH), 7.36-7.38 (d, 1HJ = 8.0 HZ, ArH), 7.56-7.63 (m, 3H, ArH), 7.87-7.88, 1H,J = 8.0 HZ, ArH), 7.90-7.92
(d, 1H,J = 8.0 HZ, ArH), 7.96-7.99 (d, 1H, = 12.0 HZ, ArH), 8.04-8.06 (d, 1H,= 8.0 HZ, ArH), 8.20 (s, 1H,
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imidazole). ®C-NMR (100 MHZ, DMSO-g): ¢ 40.17, 47.75, 111.65, 115.42, 115.95, 116.02, 8720120.93,
125.93, 126.00, 127.42, 127.50, 128.56, 128.61,842829.80, 129.82, 131.54, 136.80, 151.16, 15 (ESI)
m/z: 411.3 (M-1). Anal. Calcd for&HxFNs: C, 72.97; H, 5.38; N, 17.01. Found: C, 72.865t32; N, 16.98.

4-(1-benzyl-5-fluoro-6-(1H-1,2,4-triazol - 1-yl)-1H-benzo(d)i mi dazol - 2-y1)-N,N-di methyl benzenamine (11b).

The compoundll1b)was prepared fromb as described fdilla)

Grey solid (62%); mp 168-171 °C; IR (KBr, &n 3109, 3032, 2926, 1645, 1550, 1492, 1346, 11822.*H-NMR
(DMSO-d;): ¢ 3.10 (s, 6H, N(Ch),), 5.30 (s, 2H, ChH), 7.70-7.80 (d, 2H, ArH), 7.86 (s, 1H, ArH), 7.889 (d,
1H,J=8.0 HZ, ArH), 7.99-8.10 (m, 3H, ArH), 8.11 (d11ArH), 8.16-8.21 (m, 3H, ArH), 8.26 (br.s, 1Hiaizole),
8.93 (s, 1H, triazole). MS (ESI) m/z: 412.3 (M-1p&. Calcd for GH,1FNg: C, 69.89; H, 5.13; N, 20.36. Found: C,
69.79; H, 5.02; N, 20.28.

RESULTS AND DISCUSSION

Chemistry

The synthetic pathway for the preparation of tHe tompound®, (8a-i), (9a-b) and (L1a-b) is shown in scheme 1.
5-chloro-4-fluoro-2-nitro aniline8 was synthesized from the commercially availableh®ro-4-fluoro aniline by
nitration of the acetylated anilirfefollowed by acid hydrolysis [23]. Nucleophilic giecement of aryl chloride in
5-chloro-4-fluoro-2-nitro aniling with imidazole and 1,2,4-triazole yielded nitrdlees 6a and6b. We found that
treatment of3 and Ga-b) with zinc dust in the presence of HCI at r.teefed a clean reduction of the nitro group to
provide a good yield of the corresponding O-phemgldiamineg! and {a-b). Compoundgl and {a-b) are the key
intermediates for the synthesis of target compo@¢Ra-i), (9a-b) and (L1a-b). Among the available strategies for
benzimidazole synthesis, condensations of orthaybee diamines with aldehydes under oxidative @ or
with carboxylic acids under acidic conditions dre generally adopted methods [24, 25]. For thelggis of target
compound$ and Ba-i) the corresponding diamines ®and a-b) was immediately cyclocondensed with aromatic
aldehydes in DMF using N8,0s at 125 °C. The benzyl counterpart of azole sulistit fluoro benzimidazole94-

b) were synthesized by refluxing the correspondingh®nylene diamin&a with phenyl acetic acid / para chloro
phenyl acetic acid in the presence of concentr&t€dl according to the well known Phillips method [2&he
synthesis of Compound&Xa-b) were accomplished by benzylation of the imidazalbstituted nitro aniline$é-

b) followed by reduction and cyclocondesation witltgpdimethyl amino benzaldehyde.

Structures of nitro aniline3, (6a-b) and the synthesized compoun8s-{), (9a-b) and (L1a-b) were confirmed by
IR, 'H NMR, *C NMR and Mass spectra. The purity of the title ponmds was ascertained by elemental analysis.
IR spectra of compound84-i) and (9a-b) showed a broad band at 3441-3373'iNH stretching) while theitH
NMR spectra showed singlets betweeh2.68-13.51 ppm corresponding to NH proton of leazimidazole ring
which confirmed the cyclized structure and absefcgame for the N-benzylated compounti$g-b). The singlets
at 4.52 and 4.54 ppm was typical in fiteNMR spectra of the compound3agh) accounting for the benzylic GH
group and their IR spectras showed the absorptirals between 2920 and 2927 t(&H, stretching). Thé*C-
NMR results showed that the compounds with metrang dimethyl amine groups presented the expectedlsi
at ¢ 55.68-60.60 ppm and 39-41 ppm, while methyleneaipr the compound9é-b) and(11a-b) appearedit o
45.50-47.75 ppm. The carbons of imidazole and dtezings were visible ai 122.01-124.50 ppm and 135.86-
138.44 ppm, while the aromatic carbons were obseav¢heir usual chemical shifts.

Antimycobacterial activity

The advent of visual MABA method has facilitate@ tlacile screening of compounds for antitubercsl@sitivity
making use of a thermally stable and nontoxic reage comparison with the BACTEC and fluoromethiABA
methods, visual MABA is an inexpensive alternatimgviding nearly identical and rapid results withthe use of
specialized equipment. In addition to the aforetioaed merits, visual Microplate Alamar Blue AsSAJABA)
was adopted for the screening of test compoundmstgd. tuberculosis H37Rv in view of the high correlation
between the MICs determined by BACTEC, fluoromeMABA and visual MABA methods [27]. The minimum
inhibitory concentration (MIC, pg/mL) was defines the lowest drug concentration that prevented@icehange
from blue (no growth) to pink (growth). Isoniazicagvused as positive control.

Three different series of compound8a{), (9a-b) and (1la-b) were synthesized and screened agaMst
tuberculosis H37Rv by MABA method. The azole substituted flumenzimidazoles displayed antitubercular
activity with MIC ranging from 12.5 to >100 pg/mhbathe results of antitubercular activity are reyoin Table 1.
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Table 1.Antitubercular activities of compounds 8(a-i), 9(ah) and 11(a.b) againsM.tuberculosis H37Rv

Compound® MIC® (ug/ml)
MABA ¢

8a 50

8hb 50

8¢ 25

8d >100

8e 50

8f 100

8g >100

8h 25

8i >10(

9a 25

9b 25

1la 12.5

11b 25

Isoniazid 0.65

? Detailed structures are shown in scheme 1
® Minimum inhibitory concentration in ug/ml
¢ Microplate Alamar Blue Assay (visual)

Table 2. Antifungal activity of compounds 8(a-i), ¢a,b) and 11(a,b) agains€andida Species

GIZ° MIC® and MFC_of compounds and Std drugs against fungal cidture

C.albicans C.glabrata C.krusei C.tropicalis
Compd Glz MIC MFC Glz MIC MFC Glz MIC MFC (P4 MIC MFC
8a 11 50 50 12 50 50 11 50 100 10 100 100
8b 9 100 100 9 100 >100 8 100 >100 8 >100 >100
8c 13 25 50 14 25 50 13 25 50 13 25 50
8d 6 >100 >100 6 >100 >100 7 100 >100 6 >100 >100
8e 11 50 50 11 50 50 12 25 50 12 25 50
8f 10 50 100 10 50 100 9 100 100 10 100 100
89 5 >100 >100 6 >100 >100 5 >100 >100 6 >100 >100
8h 13 25 25 15 125 25 14 25 25 15 12.5 25
8i 7 100 >100 8 100 100 10 50 100 8 100 100
9a 15 25 25 15 25 50 16 12.5 25 14 25 50
9b 16 125 125 16 125 25 17 25 25 16 25 25
1la 17 6.25 125 18 6.25 125 18 125 125 17 125 125
11b 16 12.5 12.5 17 12.5 12.5 18 12.5 25 16 12.5 25
DMSO - - - - - - - - - - - -
Clo® 23 3.12 6.25 23 6.25 6.25 22 3.12 6.25 21 3.12 512.
Fluf 20 3.12 3.12 21 3.12 6.25 18 6.25 125 19 3.12 56.2

(a) Detailed structures are shown in scheme 1; (b) GIZ, growth inhibition zone (mm); (c) MIC, minimum inhibitory concentration (x.g/ml); (d)
MFC, minimum fungicidal concentration («g/ml); (€) Clo, Clotrimazole; (f) Flu, Fluconazole.

The compound without the azole moiety at"@osition was completely devoid of anti-tubercdativity and was
synthesized to see its effect on activity profilenong the compounds having 4-chloro, 4-dimethyl reamand
methoxy substituent in aromatic ring, compoundswiimethyl amino subtituer@c and8h were more active with
MIC of 25 pg/mL. Compounds with 4-chloro substittee@b, 8f) were more active than compounds with methoxy
substituent §d, 8g, 8), while the derivative8a and 8e without substituent in the aromatic ring showed sratk
activity. Replacement of phenyl ring af%2position with benzyl group9@-b) did offer a better result and
comparable antituberculosis activity with compoubdaring a benzyl group at' position ((1a-b). The imidazole
substituted N-1 benzyl analdd.aemerged as the most active compound with a MICevaful2.5 pg/mL. Further
studies with modifications of the azole ring &t osition of the benzimidazole ring are in progré®sus, at this
stage all the modifications indicated that the dethyl amino group in the phenyl ring df position and also a

benzyl group at*ior 2" position play a significant role in the antitubeer activity with a dominating influence of
the azole moiety.

Antifungal activity
The antifungal activities of compound8afi), (9a-b) and (1a-b) were evaluated bin vitro agar diffusion and
broth dilution assay and the results of which ammmarized in Table 2. The tested fungal strainafidida
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albicans, Candida krusei, Candida glabrata andCandida tropicalis were provided by National Centre for Industrial
Microorganisms (NCIM) pune, India. Fluconazole arldtrimazole served as the standard drug contiolal
screening of all the new azole substituted flucenZimidazoles against fungal cultures showed tletompounds
(8b, 8d) and Bg, 8) were only poorly active against fungi with grémimhibition zone<9mm when tested at 1000
ug/mL by agar diffusion method [28]. However, compds Qa-b) and (la-b) showed good activity against
Candida species with growth inhibition zonel4mm. The minimum inhibitory concentrations (MICwkere
determined for the compound8ati), (9a-b) and (L1a-b againstCandida species according to standard micro-
broth dilution method in 96-well microtest platesper NCCLS protocol [29].

In terms of structure-activity relationships (SAR#)e substitution pattern of azole ring was exgousing
imidazole and 1,2,4-triazole in the benzimidazdelston. The type of azole ring linked to th® gosition of the
benzimidazole ring seemed to have different infageon the antifungal activity against various fustgains. The
fluoro chloro benzimidazole counterps) without the azole moiety at"6position was found to be poorly active
with negligible antifungal activity (not reportedyompounds&a-i) having different substituents on the phenyl ring
at 2" position demonstrated good to moderate antifuagtiity against differenCandida species with a MIC
value of 12.5 to 10Qug/mL. Thein vitro antifungal activity data revealed that the preseoft electron donating
dimethyl amino group at™position of the phenyl ring enhances the actisifiainst all strains. Among the benzyl
derivatives, improvement in the antifungal actiwisas observed in compouréh having a chloro group at C-4
position againsCandida albicans andCandida glabrata than the unsubstituted benzyl anakey The N-1 benzyl
analogues ila-b) were synthesized to expand our understanding obtihueture-activity relationship among the
benzimidazole derivatives. The imidazole substitut&benzyl analodlla exhibited better profile of antifungal
activity than the triazole analdglb against all teste@andida species, confirming the effectiveness of N-1 bénzy
group and the imidazole substituent with the inflecee of dimethylamino group at para position & finenyl ring.
Using these as lead compounds, it is plausibledtiar modifications could uncover agents whichraoge active
against these&andida species. Furthermore, minimum fungicidal concditng (MFCs) of all the synthesized
compounds were determined.

Biological evaluation

All the newly synthesized compounds were screeaethgirin vitro antitubercular activity again$d. tuberculosis
H37Rv strain andn vitro antifungal activity agains€andida albicans, Candida krusei, Candida glabrata and
Candida tropicalis as representatives of fungi.

In vitro evaluation of the antituberculosis activity

The synthesized compounds were tested for thewitho anti-mycobacterial activities against. tuberculosis
H37Rv using a broth microdilution assay, the Midabp Alamar Blue Assay (MABA) according to the reged
method [30]. To prevent dehydration in experimeBtahell plates, the outer perimeter wells werkedilwith two
hundred microliters of sterile deionised water. Tést compounds dissolved in dimethyl sulfoxide (®®™) were
first diluted to the highest concentration (800mlg) and these stock solutions were further dilutétth appropriate
volumes of Middlebrook 7H9 broth to yield final cmntration of 1.562 to 800 pug/mL followed by adufitiof
100uL of M. tuberculosis inoculumsto the platesNl. tuberculosis H37Rv in Middlebrook 7H9 supplemented with
0.05% Tween 80 OADC and the turbidity of the remtitsuspension matched to a McFarland No.1). THis e
column 11 served as inoculums-only control and shivrent (DMSO) was included in every experimentaas
negative control. The plates were sealed with garadnd incubated at 37 °C for five days. After fheubation
period, 25 pL of a freshly prepared 1:1 mixturel6k Alamar Blue reagent and 10% Tween 80 was addeleto t
plate and reincubated at 37 °C and results wei@ded at 24h post-reagent addition. Visual MICsendefined as
the lowest concentration of test compound or dnag prevented a colour change.

In vitro evaluation of the antifungal activity

Determination of the minimum inhibitory concentration

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®mmned in RPMI 1640 medium (Sigma-Aldrich) buéfdrto PH
7.0 with 0.165M 3-(N-morpholino)-propanesulphonada(MOPS, Sigma-Aldrich). The final concentratiafsthe
test compounds ranged from 1.0 to 512pg/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, inoculateith 100 uL of individual fungal inoculums (1XACFU per
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mL) to each well of the micro titer plate and thealed 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 indicateduskidity (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 concentratidficgent 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

Determination of the minimum fungicidal concentration

The minimum fungicidal concentrations (MFCs) westedmined according to a standard procedure asopsy
described [31]. Following an overnight incubatiar the MIC determination, 100 uL was taken fromheael|
showing no visible growth and further subculturedoofresh sabouraud dextrose agar plates. Thesplasze
incubated at 35 °C for 48 hours and then checkediédility. The concentration at which no growthfewer than
three colonies were obtained to give approxima@8lyo 99.5% killing activity was considered to he MFC.

CONCLUSION

In this study we report the design, synthesis, attarization andn vitro evaluation of azole substituted fluoro
benzimidazoles for antitubercular and antifungaivies. The target compounds were obtained frdmorine,
imidazole and 1,2,4-triazole bearing fluoro orthepylene diamine by condensation with aromatic atdek and
carboxylic acids. The synthesized compounds exudbia high antimycobacterial activity associatedhwét
remarkable antifungal activity. Both imidazole ah@,4-triazole substituted fluoro benzimidazoleshvwd-benzyl
and 4-N(CH), substituted 2-phenyl/2-phenyl-1-benzyl counterpagre found to be the most active of all the
compounds against H37Rv strain a@dndida species. The N-benzylation was found to improve ahgfungal
potential againsEandida albicans andCandida glabrata. However, in contrast compounds with benzyl graug™
position of the benzimidazole ring exhibited simikantitubercular activity. Among the N-benzylatedabgs,
imidazole substituted bezimidazole dervatiVea emerged as the most active antitubercular compambwas
endowed with selective antitubercular and antiflipgedential. The SAR studies indicate that the eZahidazole
and 1,2,4-triazole) ring, the fluoro benzimidazskaffold are important pharmacophores for antitclder and
antifungal activity. The present findings providewnopportunity for the development of novel antirolials to
overcome the ever increasing problem of drug rascg and a prototype lead for further optimizatamd
development.
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