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ABSTRACT

A series of novel 2-((1H-imidazol-1-yl)methyl)-Geito-6-(substituted/unsubstituted)-1H-benzo[d]inddkes were
prepared by condensation of the dihydrochloridessalf the appropriate 1,2-phenylene diamines wiftyano
methyl) imidazole and screened for antituberculativity against H-R, strain and antifungal activity against
Candida species. To examine the influence of imidaand phenyl ether moiety on the activity chlersubstituted
fluoro benzimidazole (8a) was synthesized. Theynsyithesized compounds were characterized byHRIMR,
3C_.NMR, Mass and elemental analysis. The most acterévatives of the present series were the imiazo
substituted fluoro benzimidazole and the para ahl@henyl ether analog indicating the importance aof
halogenated phenyl ether nucleus and the azoletynaiethe € position. The results suggest that these two
molecules are potential candidates for further depment as antitubercular and antifungal agents.

Key words: Fluoro benzimidazole, Antitubercular activity, Aflatigal activity,Candidaspecies, H37Ryv strain.

INTRODUCTION

Despite advances in chemotherapy, the dramatica@ing prevalence of multi-drug resistant life thtening
mycobacterial and systemic fungal infection liken@iaiasis poses a major health concern to worldufation [1-
5]. Prolonged treatment regimen associated witifidgnt toxicity and emergence of multi-drug résig
mycobacteria and fungi are some of the major litigites associated with the therapeutic agents ctiyremployed
for the treatment of tuberculosis and fungal infew. This has led to an ongoing need for new cbalnmoieties
acting on novel targets with dual effects (bengfilss a consequence, there is a great need forl wowepounds
with both antitubercular and antifungal activities.

Benzimidazole ring system, which is a core struetur various synthetic pharmaceuticals, displaybread
spectrum of biological activity, including antimymacterial and antifungal properties [6-14]. Clotirole,
fluconazole and ketoconazole are some of the couniatlgravailable molecules containing aromatic sadf like

imidazole and triazole with high antifungal potaitit is established that these compounds arenpothibitors of
ergosterol biosynthesis irCandida albicansby interacting with cytochrome p-450 dependento-4terol
demethylase, an important enzyme in ergosterolbtbgsis in fungi [15]. The enzyme p-4k0plays a vital role in
the oxidative transformation of lanosterol to etgod and inhibition of this enzyme leads to acclatian of 14-

methylated sterols and thereby disrupting the mamistructure and function resulting in inhibitmfrgrowth [16].
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1 =1ICl 1530662 = Ravuconazol& = Epoxyconazoled = Cyproconazoles = Clotrimazole;
6 = Tebuconazole = Bifonazole8 = Fluconazole9 = Miconazole

Hg. 1: Representative antifungal ag€its) and target compoungi,11)
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Furthermore, it was experimentally proved that savenidazole and triazole based antifungals wefectve
antitubercular agents and demonstrated the pdssitiiat Mycobacterium tuberculosiéMtb) cytochrome p-450
could be a novel Mth drug target [17-19]. Numeroggorts on compounds with imidazole, triazole aetdazole
moiety have appeared which are superior to or astlas active as the currently used class of augfifluor
antibacterial agents [20-24]. The development @& of this type was based on their mode of adtiah led to
their desired bioactivity potential. As a part ofr search for new antitubercular and antifungahégjeve have been
exploring benzimidazole nucleus as potential agémtsthe treatment of mycobacterial and fungal étifans.
Recently we described the synthesis and evaluatforsome new imidazole and triazole substituted rfluo
benzimidazoles for antitubercular and antifungaivity against H37Rv strain anchndidaspecies, which afforded
promising results [25, 26]. Our earlier work on tienzimidazole series identified azole and phersmwbstituent to
be an important element of the pharmacophore. Wieilaining the desired substituents, we choosexémane
substitution at the postion with imidazolylmethyl group, which is anamon substructure seen in many potential
azole antifungals. Based on the study of antifursgales bearing the imidazole and triazole moistypart of the
structure for antimycobacterial and antifungal\attihas led to the design of imidazolylmethyl bassibstituted
fluoro benzimidazole derivatives as depicted irufegl. All the newly synthesized compounds werduatad for
their in-vitro antitubercular activity against the pathogekigcobacterium tuberculosiéMtb) H37Rv strain and
antifungal activity againstCandida albicans Candida krusei Candida glabrataand Candida tropicalis as
representatives of fungi.

EXPERIMENTAL SECTION

All chemicals and solvents used for this work welgained 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 discd-NMR, *C-NMR and**F-decoupled'H-NMR spectra were recorded on a Bruker
Avance-400 MHZ spectrometer. The values of chemstéits are expressed in ppm relative to,$1e(0=0) in
DMSO-d; and thel values in hertz (HZ). Signal multiplicities argpresented by s (singlet), d (doublet), t (triplet),
m (multiplet) and br.s (broad singlet). Mass speotrere recorded on a LC/MS/MS 6410 triple quad mass
spectrometer by electron spray ionization. Elenlentslyses 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 usedietection ak 254.

5-chlor o-4-fluor o-2-nitro aniline (4a): Orange needle (85%); mp 143-145 °C; IR (KBr,ynB493, 3319, 3050,
1639, 1593, 1570, 1502, 1479, 1465, 1445, 13342,12a74, 1004."H-NMR (400 MHZ, DMSO-¢): ¢ 6.00 (br.s,
2H, NH,), 6.90-6.91 (d, 1H, H-3] = 4.0 HZ, ArH), 7.91-7.94 (d, 1H, H-8,= 12.0 HZ, ArH)*F-decoupledH-
NMR (DMSO): ¢ 4.75-6.20 (br.s, 2H, N§), 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 (4b-4e): The appropriate phenols
or imidazole (11 mmol) and anhydrous potassium ar@ate (20 mmol) were added to a solution of 5-ahkbr
fluoro-2-nitro aniline (10 mmol) in dry DMF (20 mLYhe reaction mixture was then stirred at 1006C8fto 10 h.
When TLC revealed the absence of starting matetal,reaction mixture was cooled to room tempeeatnd
poured into water (100 mL). The resulting solutisas extracted with ethyl acetate. The extract \was tvashed
with water and dried over anhydrous sodium sulphEte solvent was removed under reduced presswaiom 5-
(substituted)-4-fluoro-2-nitro benzeneamine. Thelersolid was used for the next step without furfheification.

5-(4-chlor ophenoxy)-4-fluor o-nitrobenzenamine (4c): Yield (87%); mp 169-172 °C; IR (KBr) ct: 3462, 3340
(Ar NH, str), 3072 (Ar CH str), 1600 (C=C ring str), 158 NO, str), 1260 (Ar C-N str), 1230 (Ar C-O-C str),
1161 ( C-F str), 1014 (C-Cl stfHd-NMR (400 MHZ, DMSO-¢): ¢ 6.42-6.43 (d, 1H) = 4.0 HZ, ArH), 7.27-7.29
(d, 2H,J = 8.0 HZ, ArH), 7.41 (br.s, 2H, Nj{ 7.54-7.57 (d, 2HJ) = 12.0 HZ, ArH), 7.91-7.93 (d, 1H,= 8.0 HZ,
ArH). MS (ESI) m/z: 282.3 (M+1).

4-fluor 0-5-(1H-imidazol-1-yl)-2-nitr obenzenamine (4€): Yield (89%); mp 188-189 °C; IR (KBr) cth: 3473,3275
(Ar NH, str), 3146,3126 (Ar CH str), 1647 (C=N str), 158t C=C ring str), 1527,1514,1500 (Asymmetric Ar
NO, str),1383 (Ar 3amine C-N str), 1301,1280,1257 (Ar NIB-N str), 1211 (Ar C-F str),877 (Ar N@-N str).
'H-NMR (400 MHZ, DMSO-g): 6 7.15 (s, 1H, imidazole-H), 7.20-7.21 (d, 1H, H36; 6.8 HZ, ArH), 7.48 (br.s,
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2H, NH,), 7.55 (s, 1H, H-3, ArH), 8.02 (d, 1H,= 2.0 HZ, imidazole-H), 8.05-8.06 (d, 1Bi= 3.6 HZ, imidazole-
H). MS (ESI) m/z: 222.1 (M-1).

General procedure for the synthesis of 4-chloro-5-fluoro-1,2-phenylenediamine (5a) and 4-(substituted)-5-
fluoro-benzene-1,2-phenylenediamine (5b-5€): To a stirred solution of compound 2(a-j) (10 mmil) ethyl
alcohol containing zinc dust (100 mmol) was slowijected concentrated HCI (10 mL) via septum usjheass
syringe over a period of 2 h and continued stirrdsiggoom temperature under nitrogen atmospherearfiother
additional 2 h. When TLC revealed the absence atisg material, the solution was filtered, madealihe with
10% NaOH and then extracted with ethyl acetate. &kteact was washed with water, dried over$@, and
evaporated. The crude solid was used for the patiparof the dihydrochloride salt without furtharrjication.

General procedure for the synthesis of dihydrochloride salt of 4-chloro-5-fluoro-1,2-phenylenediamine (6a)
and 4-(substituted)-5-fluoro-benzene-1,2-phenylenediamine (6b-6€): A solution of 4-chloro-5-fluoro-1,2-
phenylenediamine (5§10 mmol) and 4-(substituted)-5-fluoro-benzene{ih2nylenediamine (5b-5¢10 mmol) in
absolute alcohol (25 ml) was treated with dry HCkther and stirred at 0-5 °C for 2 h. The solwea$ evaporated
under reduced pressure to afford the dihydrochdorgdlt of the corresponding 1,2-phenylenediaminiee T
dihydrochloride salt was stored at 0-5 °C in gjhticontainer when not in use.

General procedure for the synthesis of imidazolylmethyl substituted fluoro benzimidazoles (8a-8¢): An
equimolar quantities of dihydrochloride salt of thmrresponding 1,2-phenylenediamine (10 mmol) and
cyanomethyl imidazole (10 mmol) was taken in aexd&albe and heated at 175-190 °C for 1h. The aagutixture
was refluxed with 2N HCI for 15 min and later nalited with ammonia solution. After filtration, thprecipitate
obtained was purified by recrystallization from psopyl alcohol. Reactions were monitored by TLC %0
Methanol: Dichloromethane) using precoated silieh glates (Merck Fs,) and the spots were visualized by
exposing them to iodine vapour or Uv light was ufsgddetection ak 254.

2-((1H-imidazol-1-yl)methyl)-6-chlor o-5-fluor o-1H-benzo[d]imidazole (8a): Yield (52%); mp 89-91 °C; IR
(KBr) cm™ : 3421 (Ar NH str), 3085 (Ar CH str), 2915 ( gbtr), 1654 (C=N str), 1610, 1500, 1473,1444 (C#@ r
str), 1360 (Ar C-N str), 1024 (C-Cl str), 1126 FGstr)."H-NMR (400 MHZ, DMSO-@): ¢ 4.23 (s, 2H, Ch), 7.17-
7.19 (d, 1HJ = 8.0 HZ, ArH), 7.25-7.27 (d, 1H, = 8.0 HZ, ArH), 8.16-8.18 (d, 2HJ, = 8.0 HZ, imidazole), 8.56
(s, 1H, imidazole), 12.76 (s, 1H, NHJC-NMR (100 MHZ, DMSO-g): 6 45.53 (CH), 115.59, 117.40, 123.40,
128.48, 130.58, 136.38, 141.28, 143.88, 153.44,916{Ar-C). MS (ESI) m/z: 250.1 (M+1). Anal. Calddr
C11HsCIFN,: C, 52.70; H, 3.21; N, 22.35. Found: C, 52.493H.3; N, 22.29.

2-((1H-imidazol-1-yl)methyl)-5-fluor o-6-phenoxy-1H-benzo[d]imidazole (8b): Yield (49%); mp 110-112 °C; IR
(KBr) cm™ : 3460 (Ar NH str), 3095 (Ar CH str), 2905 (Gkkr), 1600 (C=N str), 1491, 1467, 1446 (C=C ritwy, s
1263 (Ar C-O-C str), 1110 (C-F stfH4-NMR (400 MHZ, DMSO-¢): ¢ 4.36 (s, 2H, Ch), 7.22-7.25 (d, 1HJ =
12.0 HZ, ArH), 7.33-7.37 (d, 1H, ArH), 7.47-7.50 (H, ArH), 7.53-7.56 (d, 1H) = 12.0 HZ, ArH), 7.60-7.63 (d,
1H,J = 12.0 HZ, ArH), 7.65-7.75 (m, 4H, ArH), 8.11 (&1, imidazole), 13.11 (s, 1H, NH).. MS (ESI) m/2830
(M-1). Anal. Calcd for GH30FN,: C, 66.22; H, 4.25; N, 18.17. Found: C, 66.014H6; N, 18.11.

2-((1H-imidazol-1-yl)methyl)-6-(4-chlor ophenoxy)-5-fluor o-1H-benzo[d]imidazole (8c): Yield (59%); mp 121-
123 °C; IR (KBr) cn : 3441 (Ar NH str), 3120 (Ar CH str), 2925 (Gkir), 1654 (C=N str), 1600, 1560 (C=C ring
str), 1269 (Ar C-O-C str), 1070 (C-Cl), 1120 (C4#)SH-NMR (400 MHZ, DMSO-@): d 4.30 (s, 2H, Ch), 7.20-
7.23 (d, 2HJ = 12.0 HZ, ArH), 7.25-7.28 (d, 2H,= 12.0 HZ, ArH), 7.42-7.45 (d, 2H,= 12.0 HZ, ArH), 7.67-
7.70 (d, 2H,J = 12.0 HZ, ArH), 8.00 (s, 1H, imidazole), 12.7Q {#, NH). *C-NMR (100 MHZ, DMSO-g): 6
45.70 (CH), 104.01, 104.31, 107.91, 108.16, 116.49, 1221&R8.50, 128.70, 136.92, 137.18, 150.50, 155.70,
157.87 (Ar-C). MS (ESI) m/z: 342.1 (M-1). Anal. €dlfor G;H,,OCIFN,: C, 59.57; H, 3.52; N, 16.34. Found: C,
59.45; H, 3.41; N, 16.29.

2-((1H-imidazol-1-yl)methyl)-5-fluor 0-6-(p-tolyloxy)-1H-benzo[d]imidazole (8d): Yield (55%); mp 97-99 °C; IR
(KBr) cm™ : 3430 (Ar NH str), 3010 (Ar CH str), 2922 (GHtr), 2890 (Aliphatic CH str), 1622 (C=N str),
1506,1476,1446 (C=C ring str), 1228,1203 (Ar C-Gtf}, 1110 (C-F strfH-NMR (400 MHZ, DMSO-g): § 2.15

(s, 3H, CH), 4.50 (s, 2H, Ch), 6.47-6.53 (m, 4H, ArH), 7.01-7.18 (m, 4H, Art8)00 (s, 1H, imidazole), 12.53 (s,
1H, NH)."*C-NMR (100 MHZ, DMSO-g): § 20.93 (CH), 45.92 (CH), 98.22, 98.66, 109.20, 115.21, 117.88,

533



B. Nandha et al J. Chem. Pharm. Res., 2014, 6(1):530-539

122.65, 128.25, 129.55, 136.35, 138.00, 142.65,585056.58, 161.50 (Ar-C). MS (ESI) m/z: 322.2 (M+Anal.
Calcd for GgH1sOFN,: C, 67.07; H, 4.69; N, 17.38. Found: C, 66.874t64; N, 17.30.

2-((1H-imidazol-1-yl)methyl)-5-fluor 0-6-(1H-imidazol-1-yl)-1H-benzo[d]imidazole (8e): Yield (45%); mp 137-
139 °C; IR (KBr) cn' : 3421 (Ar NH str), 3057,3159 (Ar CH str), 292€H, str), 1636 (C=N str), 1600, 1492,
1473,1440 (C=C ring str), 1336 (Ar C-N str), 1148-F str)*H-NMR (400 MHZ, DMSO-q): J 4.21 (s, 2H, Ch),
7.59-7.62 (d, 2HJ = 12.0 HZ, imidazole), 7.75-7.77 (d, 2Bl= 8.0 HZ, imidazole), 8.02 (s, 1H, imidazole), B.1
8.18 (d, 1HJ = 8.0 HZ, ArH), 8.27-8.30 (d, 1H),= 12.0 HZ, ArH), 8.46 (s, 1H, imidazole), 13.32.¢h 1H, NH).
3C-NMR (100 MHZ, DMSO-g): ¢ 45.71 (CH), 107.91, 113.00, 115.49, 122.50, 122.80, 128128,33, 139.30,
141.91, 147.98, 155.28, 161.20 (Ar-C). MS (ESI) i2@2.3 (M+1). Anal. Calcd for gH1:FNg: C, 59.56; H, 3.92;
N, 29.77. Found: C, 59.37; H, 3.89; N, 29.67.

Bilological evaluation: All the newly synthesized compounds were screeaethgirin vitro antitubercular activity
againstM. tuberculosisH37Rv strain andn vitro antifungal activity agains€andida albicansCandida krusei
Candida glabrataeandCandida tropicalisas representatives of fungi.

Antimycobacterial activity: The advent of visual MABA method has facilitateé facile screening of compounds
for antituberculosis activity making use of a thaliy stable and nontoxic reagent. In comparisonhwtie
BACTEC and fluorometric MABA methods, visual MABA an inexpensive alternative, providing nearly tobeth
and rapid results without the use of specializedipggent. In addition to the aforementioned meritisual
Microplate Alamar Blue Assay (MABA) was adopted fbe screening of test compounds agaMstuberculosis
H37Rv in view of the high correlation between th&dgl determined by BACTEC, fluorometric MABA and wid
MABA methods [27]. The minimum inhibitory concertimm (MIC, pg/mL) was defined as the lowest drug
concentration that prevented a colour change friua o growth) to pink (growth). Isoniazid was dses positive
control.

In vitro evaluation of the antituberculosis activity: The synthesized compounds were tested for theiitio anti-
mycobacterial activities against. tuberculosisH37Rv using a broth microdilution assay, the Mptate Alamar
Blue Assay (MABA) according to the reported meti@8]. To prevent dehydration in experimental 96 Ivpthtes,
the outer perimeter wells were filled with two hued microliters of sterile deionised water. The Empounds
dissolved in dimethyl sulfoxide (DMSO) were firstuled to the highest concentration (800 pg/mL) Hrebe stock
solutions were further diluted with appropriate woks of Middlebrook 7H9 broth to yield final contation of
1.562 to 800 pg/mL followed by addition of 100 uf M. tuberculosisinoculum to the platesNl. tuberculosis
H37Rv in Middlebrook 7H9 supplemented with 0.05% ebn 80/OADC and the turbidity of the resultant
suspension matched to a McFarland No.1). The welislumn 11 served as inoculums-only control drelgolvent
(DMSO) was included in every experiment as a negationtrol. The plates were sealed with parafilnd an
incubated at 37 °C for five days. After the incubatperiod, 25 pL of a freshly prepared 1:1 mixtafdOx Alamar
Blue reagent and 10% Tween 80 was added to the afat reincubated at 37 °C and results were reda@at24 h
post-reagent addition. Visual MICs were definedtlas lowest concentration of test compound or droat t
prevented a colour change.

Antifungal activity: The antifungal activities of compounds (8a-8e)eavevaluated byn vitro agar diffusion and
broth dilution assay and the results of which ammmarized in Table 2. The tested fungal strainsCahdida
albicans Candida kruseiCandida glabrataeandCandida tropicaliswere provided by National Centre for Industrial
Microorganisms (NCIM) pune, India. Fluconazole asldtrimazole served as the standard drug contioltal
screening of all the new azole substituted flucenZimidazoles against fungal cultures showed tletompounds
(8a) and (8b) were only poorly active against fungi witjrowth inhibition zone <14mm when tested at 1000
pag/mL by agar diffusion method [29]. However, compds (8c-e) showed good activity agai@sindidaspecies
with growth inhibition zone>15mm. The minimum inhibitory concentrations (MIGskre determined for the
compounds (8a-e) againSandidaspecies according to standard micro-broth dilutisethod in 96 well microtest
plates as per NCCLS protocol [30].

In vitro evaluation of the antifungal activity

Determination of the minimum inhibitory concentration: Cultures on receipt were sub cultured in SDA plates
and further stored in slants as stock culturestf®@experiments, stock culture was incubated &C3tor 24 h. The
stock culture was adjusted to 0.5 McFarland stahtiabidity and used for assay. Tests were perfdrmeRPMI
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1640 medium (Sigma-Aldrich) buffered to PH 7.0 wti65M 3-(N-morpholino)-propanesulphonic acid (M&P
Sigma-Aldrich). The final concentrations of thetteempounds ranged from 1.0 to 512 pg/mL. In tlisag, the
minimum concentration of each test substance reduo inhibit the growth of fungi was determinedr Ehis assay,
the compounds to be tested were dissolved in DM&@lly diluted in growth medium, inoculated witB@ pL of
individual fungal inoculums (FOCFU mL?) to each well of the micro titer plate and thelséanicroplates were
incubated at 35 °C for 48 h in a humid atmosph8odvent control (DMSO) and sterility controls wemaintained
throughout the experiment. The microdilution platesre inspected visually to determine the growthttoe
organism as indicated by turbidity (In fact, tuibjdof the culture medium is indicative of the pease of a large
number of cells). The wells in which the drug ostteompound is present in concentration suffictentnhibit
fungal growth remain clear. In experimental terims MIC is the concentration of the drug or test poond present
in the well, i.e. in the well having the lowest centration in which growth is not observed.

Determination of the minimum fungicidal concentration: The minimum fungicidal concentrations (MFCs) were
determined according to a standard procedure asopsy described [31]. Following an overnight itetion for
the MIC determination, 100 pL was taken from eaehl whowing no visible growth and further subcutiironto
fresh sabouraud dextrose agar plates. The platesim@ibated at 35 °C for 48 h and then checkedidaility. The
concentration at which no growth or fewer than ¢heelonies were obtained to give approximately ®99.5%
killing activity was considered to be the MFC.

Table 1: Antitubercular activities of compounds (8a-€) against M.tuberculosis H37Rv

Compound MICP (ug mL?Y)
MABKX
8a 100
8b 50
8c 25
8d 50
8e 125
Isoniazid 0.78

 Detailed structures are shown in scheme 2
® Minimum inhibitory concentration in ug ML
¢ Microplate Alamar Blue Assay (visual)

Table2: Antifungal activity of compounds (8a-8¢) against Candida Species

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

C.albicans C.glabrata C.krusei C.tropicalis
Compd GlIz 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 13 25 25 14 25 >25 14 25 25 13 25 >25
8c 16 125 125 16 125 25 17 25 25 16 25 25
8d 15 25 25 15 25 50 16 125 25 15 25 50
8e 17 6.25 125 18 6.25 125 18 125 125 17 125 125
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 12.5 19 3.12 56.2

(a) Detailed structures are shown in scheme 2@Hj, growth inhibition zone (mm); (c) MIC, minimumhibitory concentration (g mb); (d)
MFC, minimum fungicidal concentration (ug ML(e) Clo, Clotrimazole; (f) Flu, Fluconazole.

RESULTSAND DISCUSSION

Chemistry: The synthetic pathways for the preparation oftitle compounds (8a-8e) are shown in schemes 1 and
2. The starting material 5-chloro-4-fluoro-2-nitamiline 4a was synthesized from the commerciallgilable 3-
chloro-4-fluoro aniline by nitration of the acetigd aniline (2) followed by acid hydrolysis [32].ubleophilic
displacement of aryl chloride in 5-chloro-4-fluc2enitro aniline (4a) with appropriate phenols amdidazole
yielded nitro anilines (4b-4eWe found that treatment of (4ajhd (4b-4e) with zinc dust in the presence of HCI a
r.t. effected a clean reduction of the nitro greaprovide a good yield of the corresponding O-pteme diamines
(5a-5e). The hydrochloride salts of the correspogdiiamines (6a-6e) were prepared by treating thenides
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dissolved in absolute alcohol with dry HCI in ethar 0-5 °C (scheme-1). Compounds (6a-6e¢ the key
intermediates for the synthesis of target compou@Bds8e). For the synthesis of target compounds3é3dhe
dihydrochloride salts of the appropriate 1,2-phengl diamines (6a-6e) was condensed with 1-(cyarhet
imidazole (7) at 175-190 °C in a sealed tube baseithe reported method [33].

Structures of nitro anilines 4a, 4c, ded the synthesized compounds (8a-8e) were corditigdR, *H NMR, **C
NMR and Mass spectra. The purity of the title commpis was ascertained by elemental analysis. IRtrspet
compounds (8a-8e) showed a broad band at 3421-@#BQNH stretching) while theitH NMR spectra showed
singlets betweew 12.53-13.32 ppm corresponding to NH proton of leezimidazole ring which confirmed the
cyclized structure. The singlets between 4.21 ab@ #pm was typical in thtH NMR spectra of the compounds
(8a-8e)accounting for the imidazolylmethyl GHgroup and their IR spectras showed the absorgtgmals between
2905 and 2925 ch(CH, stretching). Thé*C-NMR results showed that the compound (8d) wittthylegroup
presented the expected signalda20.93 ppm, while methylene signal for the compou(@s8e)appearedat o
45.53-45.92 ppm. The carbons of imidazole ringsewsdsible ato 122.50-123.40 ppm and 136.33-136.92 ppm,
while the aromatic carbons were observed at treiauchemical shifts.

Antitubercular and antifungal activity: The novel compounds were screened for antituber@dtvity against
Hs/Ry strain and antifungal activity agairSandidaspecies

The compoundsvere synthesized and screened agdihstuberculosisH37Rv by MABA method. The chloro,
imidazole and phenoxy substituted fluorobenzimidezalisplayed antitubercular activity with MIC ramg from
12.5 to 100 pg/mL and the results of antitubercaldivity are repoted in Table 1. The unsubstitutethpound at
sixth position (8awas poorly active and was synthesized to seefiéstebn activity profile. Among the aryl ether
derivatives (8b-8d) the halogenated compound hadieloro substituent in aromatic rivgas more active with
MIC of 25 pg/mL. The imidazole substituted anal8g)emerged as the most active compound with a MICevafu
12.5 pg/mL.

Thein vitro antifungal activity data revealed that the substih pattern at'® position of the benzimidazole ring
seemed to have different influence on the antifuragdivity against various fungal strains. The flaochloro
benzimidazole counterpart (8a) was found to be Igoactive with negligible antifungal activity againall the
Candidaspecies. Compounds (8b-8&ving different substituents on the phenyl ringaposition demonstrated
good to moderate antifungal activity against défgrCandida species with a MIC value of 6.25 to 100 pg/mL.
Among the aryl ether derivatives, improvement ia #ntifungal activity was observed in compound (8ying a
chloro group at C-4 position agairGandida albicansand Candida glabratan comparison with compounds (8b)
and (8d). The imidazole substituted analog (8e)iitdd better profile of antifungal activity agatnall tested
Candidaspecies, confirming the effectiveness of the imidezsubstituent with the influence of imidazolykimg
group at ¥ position of the benzimidazole ring. Using theselead compounds, it is plausible that other
modifications could uncover agents which are mativa against thes€andidaspecies. Furthermore, minimum
fungicidal concentrations (MFCs) of all the syniked compounds were determined.

Thus, at this stage all the modifications indicatkdt the imidazolylmethyl moiety at'®position and also an

imidazole ring and halogenated phenoxy group "atp6sition play a significant role in the antitubeler and
antifungal activity with a dominating influence thie azole moiety.
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CONCLUSION

In this study we report the design and synthesgafe new imidazolylmethyl substituted fluoro bemidiazoles for
antitubercular activity against H37Rv strain andifangal activity againstCandida species. The invitro study
reveals that imidazole substituted compound (8€)ara chloro phenyl ether analog (8c) were thet rcdisve of
all the compounds and showed significant inhibitacyivity against H37Rv strain and all the fungalteres. The
presence of group like Cl in the phenyl ether apd8c) and in the unsubstituted fluoro benzimidezabunterpart
(8a) also play a significant role in imparting #&miercular and antifungal activity to the compou@dmpounds (8a)
and (8b) demonstrated moderate activity againggdlnultures. In constrast, no significant antitaldar activity
was found for the aryl ether (8b, 8d) and the usstited analog (8a). Therefore, one can proposseth
imidazolylmethyl substituted novel compounds (8ad g8e) as potential antitubercular and antifuragénts.
Further structural optimization studies with mactifions of the azole ring al’®osition of the benzimidazole ring
are in progress.

Acknowledgements

Authors would like to acknowledge the Director a@Pidncipal, Nargund College of Pharmacy, for pronglithe
necessary facilities for carrying out this reseanabrk. We are pleased to acknowledge the Indiatitiiie of
Science, Bangalore, for providing spectral datawfsynthesized compounds.

REFERENCES

[1] V Bhowruth; LG Dover; GS Besr&rog. Med Chem, 2007, 45(2), 169-203.

[2] KA Haynes; TJ Westernend. Med. Microbiol, 1996, 44(5), 390-396.

[3] CA Kauffman.Proc. Am Thor. Soc, 2006, 3(1), 35-40.

[4] JK Kuleta; MR Kozik; A Kozik.Act Biochim Pol., 2009, 56(2), 211-224.

[5] M Laurenzi; A Ginsberg; M Spigelmamfect Disord. Drug. Targets, 2007, 7(2), 105-119.

[6] CH Gill; GR Jadhav; MU Shaikh; RP Kale; MR Smitkar.Eur. J. Med Chem, 2009, 44(7), 2930-2935.

[7] H Goker; C Kus; DW Boykin; S Yildiz; N AltanlaBioorg. Med Chem, 2002, 10(8), 2589-2596.

[8] K Kumar; | Ojima; D Awasthi; S Lee; | Zanardd Ruzsicska; S Knudson; PJ Tonge; RA SlayderMed
Chem, 2011, 54(1), 374-381.

[9] AM Soliman; SK Mohamed; MAA EI-Remaily; H Abdé&hany.Eur. J. Med Chem, 2012, 47(1), 138-142.
[10] VM Kamble; SS Birajdar; GD Hatnapure; AP KecheChem Pharm Res, 2013, 5(11), 583-589.

[11] P Sah; M Sethl. Chem Pharm Res, 2012, 4(1), 146-153.

[12] RK Mohapatra; DC Dash; A Mahapatra; UK MishiaChem Pharm Res, 2012, 4(1), 279-285.

[13] KB Vyas; JD Bhatt; KS Nimavaf. Chem Pharm Res, 2013, 5(10), 327-331.

[14] R Dua; SK Sonwane; SK Srivastava; SD SrivaastdwChem Pharm Res, 2010, 2(1), 415-423.

[15] DJ Adams; CA Hitchcock; K Dickinson; SB Brow GV EvansBiochem J., 1990, 266(2), 475-480.

[16] FC Odds; AJ Brown; NA Gowlrends Microbiol., 2003, 11(6), 272-279.

[17] HM Guardiola-Diaz; LA Foster; D Mushrush; ADa¥.Biochem Pharmacol, 2001, 61(12), 1463-1470.

[18] CJ Jackson; DC Lamb; DE Kelly; SL KellyfEMS Microbiol. Lett., 2000, 192(2), 159-162.

[19] KJ Mclean; KR Marshall; A Richmond; IS Hunté€; Fowler; T Kieser; SS Gurcha; GS Besra; AW Munro.
Microbiology,, 2002, 148(10), 2937-2947.

[20] E Banfi; G Scialino; D Zampieri; MG Mamolo; Vio; M Ferrone; M Fermeglia; MS Paneni; S Pridl.
Antimicroh Chemother, 2006, 58(1), 76-84.

[21] VH Bhaskar; PB Mohite; RB Pandhare; SG Khandg¢a Pharm Sci, 2010, 52(5), 502-510.

[22] MG Mamolo; D Zampieri; E Lourini; G Scialind Banfi; L Vio. Bioorg. Med Chem, 2008, 16(8), 4516-
4522.

[23] G Menozzi; L Merello; P Fossa; S Schenone; @nRe; L Mosni; F Bondavalli; R Loddo; C Murigion¥,
Mascia; PL Colla; E TamburinBioorg. Med Chem, 2004, 12(20), 5465-5483.

[24] JH Toney; KA Cleary; GG Hammond; X Yuan; WJ Wl&M Hutchins; WT Aston; DE Vanderwalioorg.
Med Chem Lett, 1999, 9(18), 2741-2746.

[25] B Nandha; H Kuntal; JN Narendra Sharath Chand¥G Nargund; P Rashmi; MS Harish; DS Puraikr.
Pharma Chemica, 2013, 5(1), 287-295.

[26] B Nandha; LVG Nargund; SL Nargunder. Pharma Chemica, 2013, 5(6), 317-327.

[27] Franzblau SG; L CollindAntimicroh Agents Chemother, 1997, 41(5), 1004-1009.

538



B. Nandha et al J. Chem. Pharm. Res., 2014, 6(1):530-539

[28] Franzblau SG; RS Witzig; JC Mclaughlin; P Temy G Madico; A Hernandez; MT Degnan; MB Cook; VK
Quenzer; RM Ferguson; RH Gilmah Clin. Microbiol., 1998, 36(2), 362-366.

[29] SK Arora; RS Upadhayaya; S Jain; N Sinha; NHéire; R Chandr&ur. J. Med Chem, 2004, 39(7), 579-592.
[30] National Committee for Clinical Laboratory 8&tiards. Referencenethod for broth dilution antifungal
susceptibility testing of yeast, approved standst27-A, NCCLS, 2° edition, Wayne, P/R002.

[31] A Espinel-Ingroff; A Fothergill; J Peter; MGialdi; TJ WalshJ. Clin. Microbiol., 2002, 40(9), 3204-3208.

[32] M El-Abadelah; MZ Nazer; NS El-Abadia; H Mei¢éteterocycles 1995, 41(10), 2203-2219.

[33] EL Holljes; EC Wagner. Org. Chem, 1944, 9(1), 31-49.

539



