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ABSTRACT

The availability over the past 2 decades of thdeaaatifungal agents represents a major advancemamagement
of systemic fungal infections. Like miconazol, dhazole itraconazlole. These drugs having some lolaks like
interaction with co administered drugs, emergentaesistance of fungal organisms. From the limdas of
therapeutically available benzimidazole containamgifungal agents and previous experiences of a@padment,
we have synthesized different substituted aryl rpgpes, 5-chloro-1-methyl-2xf(chloro) piperazin-1-yl ethyl
benzimidazole nucleuses and condensed them totafémted compounds. Compounds were characteriged® p
1H NMR. All the compounds were tested for theiifangal activity against fungal strain of Candidébeans
Most of the compounds showed moderate to goodargal activity.
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INTRODUTION

The availability over the past 2 decades of thdeaantifungal agents represents a major advano@magement of
systemic fungal infections. Miconazole, the firgbke drug approved and now recently withdrawn fithe market,
was available only as a highly toxic IV formulatia@onsequently, it was only rarely used [1-7]. Byntast, the
three oral azoles, ketoconazole, an imidazole, esgdecially, itraconazole and fluconazole (bothzwoles), have
become frequently used therapeutic alternativesmphotericin B. The relative broad spectrum of\dtgtiof the
azoles against common fungal pathogens, ease dhisthation and limited toxicity are highly attract features.
Fluconazole and itraconazole are better toleratetdraore effective than ketoconazole. These agemts keveral
drawbacks and limitations also. One potential in of the azole antifungal agent is the freqyeat their
interaction with co administered drugs, which resint adverse consequences. A second limitatichefzoles is
the emergence of resistance of fungal organisnpecésly Candidaspecies, to fluconazole. These limitations of
the azoles will become more problematic if flucaslezand other azoles continue to be used injudstydi8-12].

The present investigations wer e based upon following observations:

Unexploited substituted 1-alkyl benzimidazolesrédtive biological profile of N-aryl piperazinesoiel medicinal
applications of simple N-alkyl-2-piperazinyl benziazoles. Enantiomer selectivity towards antifungativity.
Many benzimidazole derivatives substituted withepgzines have been synthesized and evaluated tiurayal
activity in our department previously. From the itations of therapeutically available benzimidazotmtaining
antifungal agents and previous experiences of @padment, we have synthesized different substitwatey!|
piperazines, 5-chloro-1-methyl-2-[chloro) piperazin-1-yl] ethyl benzimidazole nuateand condensed them to
offer targeted compounds.

79
www.scholarsresearchlibrary.com



Rahul B. Ghugeet al Der Pharma Chemica, 2015, 7 (6):79-86

The investigation was designed in following manner

» Synthesis of various substituted aryl piperazines

» Synthesis of 5-Chloro-1-methyl-2{chloro)-Ehyl-Benzimidazole nucieus.

» Synthesis of targeted compounds

» Establishment of structures of targeted compoundshe basis of Infra-red spectra, NMR spectra amgsm
spectra.

» Evaluation of targeted compounds for the antifuragdilvity.

MATERIALSAND METHODS

Reagents
All chemicals used were of Ranbaxy Lab.Ltd. Delhi.

Equipment

All the melting points were determined in thielidoe and are uncorrected. Infrared spectrums wearded using
Nujol on Shimadzu FTIR-84005 spectrophotometertdProesonance magnetic spectra (1H NMR) were recbrd
on 300MHz spectrophotometer and chemical shiftsevexpressed in parts per milliod ppm), downfield from
TMS as an internal standard. All the liquid intediates were checked for their purity using gas ctatmgraphy,
column SE-30 and carbowax 5% [except where merdione

TLC Analysis
Thin layer chromatography was performed using plateated with Silica Gel G. Plates were visualizgdJV light
and iodine vapour.

1. Synthesisof aryl piperazines:

CH,CH,OH A
H-N/ + QNHZ EE— / \
AN N NH
CH,CH,OH \ /
Cl Cl

Synthesis of 2-chlorophenyl piperazine: -
The following procedure was adopted for the synghekvarious aryl piperazines.

In a typical experiment, a mixture of 75g (0.7mal) diethanolamine and 92g (0.7mol) of 2-chloroanili
hydrochloride, in a three necked RBF, was heatetl stirring at 215-22%, where upon a continuous stream of
anhydrous hydrogen chloride was passed into théuneixby means of perging tube placed below theasarbf a
molten reaction mass. The mixture was kept stirtinger the foregoing condition for 60min. At thedeof this
time, the reaction mixture was cooled to %20dissolved in cold water and then made alkalinghtenolphthalein at
a temperature below 190 by the slow addition of aqueous 50% sodium hyidi®x32g) with stirring. The organic
layer was separated at®80and distilled under reduced pressure throughifnaating column. Yield: 79g (54%) Rf:
0.67 [chloroform: methanol (9:1)]

Following general procedurewas used for purification of aryl Piperazines:

In a typical experiment, crude 2-chlorophenylpigéra (6.8g, 0.04mol) was added to 35ml methanol and
phosphoric acid (85%, 3.5ml, 0.035mol) was addexb dvise. This mixture was refluxed on water batigled to
room temperature; the phosphate salt was filteredveashed with methanol. A test portion was madeliale and
checked for presence of aniline by GC. If anilinesviound absent dephosphated by adding metharmbsgum
hydroxide (28g in 100ml methanol) till alkaline (pH1-12). It was then refluxed on water bath fomifd And then
filtered. The filtrate was distilled to remove matiol and then upon molecular distillation undehhigcuum gave
pure 2-chlorophenylpiperazine (6.0g, yield 83%)20-140C (at 5mm Hg). If found contaminated with anilitet
phosphate salt was recrystallised from boiling wated crystallization is repeated till free fromilae. The purity

of 2-chlorophenylpiperazine was analyzed by GC @y1.0%, 18C/min, 300C, injection temp. 28{T)

HN N—R

_/
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The piperazines thus synthesized are summarizedie no.1

Table1: Various piperazines synthesized

Sr.No R Yield(%) GCL
Purity (%)
1 2-Chlorophenyl 79 99.29
2 2- fluorophenyl 87 96.20
3 2-methoxyphenyl 76 98.67
4 4-isopropylphenyl 83 97.66
5 3-trifluromethylphenyl trifluromethylphenyl triffomethylphenyl 88 99.98

[K(Column Ov 101,°C/min, 306C, injection temp. 28C)

1. Synthesis of 4-chloro2-nitro-N-methyl aniline:

Cl NO, Cl NO,
120°-140°
+ HzN_CH3 —_—
TBAB
Cl T|\IH
CH;

In an autoclave reactor vessel, 100 gm (0.52moB, &- dichloronitrobenzene, 40.35 gm (0.52mol, 4€8tition)

of monomethyl amine and 10 gm of TBAB, a phasedfiemcatalyst was added. Then reaction was welhtaized

between temperature range of $2@@ and pressure of 3-4 Kg for 7-8 hrs. The compfetid reaction was
checked by monitoring TLC. After completion of réan, the reaction mixture was filtered and theabsolid

product is collected, dried and recrystallised &b pure 4-chloro2-nitroN-methyl aniline. Melting ifo 86°-89°C

Yield: 78gm (80%) R 0.6 [Toluene: methanol (8:2)]

2. Synthesisof 4-chlor o-N-methyl-o-phenylenediamine:

Cl
Cl N02 NHZ
H2\Ni
=
NH NH

CH,

CH,

In a typical experiment, 25¢g (0.133mol) of p-chlevenitro N-Me aniline was dissolved in 200ml metblafo the
clear solution, 15gm of Raney Nickel W-2 catalyste{ cake) was suspended. The reaction mixture was
hydrogenated in 2lit. stainless steel bottle asguee of 3kg till the hydrogen uptake was compléé8hrs.). The
completion of reaction was also checked by TLC. Thtlyst was filtered on a hyflow bed and washét a0ml
methanol. The solvent was distilled under diminisipeessure. Melting Point: 80-95°C Yield: 18gm (85%) R
0.56 [Toluene: methanol (8:2)]

3. Synthesis of 5-chloro-2-(a-hydroxy) ethyl N-methyl benzimidazole:
(0]

cl H |
NH, H;C—C—C—OH Cl N
(I)H AN H
> >—C —OH
NH Conc. HCI N |
| | CH:;
CH; CH;

In a typical experiment, 25¢g (0.159moles) 4-chlbkorethyl-0-phenylenediamine, 14.94 gm (0.166motddactic
acid and 25 ml of conc. Hydrochloric acid was takean RBF and refluxed for 8hrs. The reaction wemitored
by TLC. A test portion was dumped in water and fiediwith ammonia solution. The solid was extractéth ether
and TLC of this ether extract was checked for tbmmletion of reaction. After completion of the rean, the
reaction mixture was poured in ice-cold water. lswthen basified with conc. ammonia solution. Théds
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precipitated was filtered immediately and driddelting Point: 116C Yield: 26gm (77%)R;: 0.44 [Toluene:
methanol (8:2)]

4. Synthesis of 5-chloro- 2-(a-chloro) ethyl N-methylbenzimidazole:

N N
H H
\>—C|—OH soc, \>—C|—C1
T CH, T CH,
CH; CH;
In a 250 ml three necked RBF, 75ml thionyl chlondas taken, cooled in an ice bath .To it, 15g ch®ro-2-@-
hydroxy)ethyl N-methyl benzimidazole was added $jowith occasionally shaking. The RBF fitted witbrdensor
was placed on heating mantle and refluxed for ') bater excess thionyl chloride was recoveredeurndater

vacuum on a waterbath. To the residue dry dioxaas added and stirred for half hour and dioxane reaved
under vacuum to get product. Melting point: 36rield: 12gm (74%) R 0.68 [chloroform: acetone (8:2)]

Cl Cl

5. Synthesisof 5-chloro-2-a [(N*aryl) piperazinyl] ethyl N- methylbenzimidazole:

> ’ “N\_/“@
| - Cl

CH;

A TEA

DMF

Cl

LN/

N
-
C—N N—R
T CH;,
CH;

In a typical experiment, 1g (0.004mol) of 5-chl@@+~chloro ethylN-methyl benzimidazole, 0.85gm (0.0@nof
substituted phenyl piperazines were separatelpldisd in dry dioxane and mixed in a RBF. To it OL§th004mol)
of triethylamine was added and the reaction unexwas refluxed for 12hrs.The reaction was moadoby TLC.
The reaction mixture was then dumped in ice coltewand the precipitate was collected by suctiah @ied. The
solid was recrystallised from acetone. TLC chedkgdnobile phase of Chloroform: ethyl acetate (8:2)

Table2: Various5-Chloro-1-Methyl-2-[a-(N*-Aryl) Piperazinyl] Ethyl Benzimidazoles.
Cl
N

1=

(|3—N N—R
b _/

CH;

Sr.No | Code R m.p. (°C) | Yield (%) | R* | Assay (%)
1. RG-1 | 2-Chlorophenyl 195 82 0.4 89
2. RG-2 | 2- fluorophenyl 145 65 0.5p 90
3 RG-3 | 2-methoxyphenyl 150 71 0.48 89
4 RG-4 | 4-isopropylphenyl 110 57 0. 82
5 RG-5 | 3-trifluromethylphenyl 120 66 0.6/ 86

The final compounds were purified and their stroesuwere established by Infra-red, NMR and masstisp€eThe
final compounds were screened for antifungal agtivi
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Spectral Analysis
5-Chloro-1-M ethyl-2-a-(Chlor o) Ethyl Benzimidazole. (RG) 1H NMR (DMSQ):é = 2.14(d, 3H, ), 3.89(s, 3H),
5.26 (g, 1H,), 7.27(s, 2H), 7.7(s, 1H,)

5-Chloro-1-M ethyl-2-a-[N*-(2-chlor ophenyl) Piperazinyl] Ethyl Benzimidazole. (RG1) IR (nujol): 3020.63(C-
H), 1589(C=N), 1481(C=C), 1215(C-Ny*

1H NMR (DMSO):6 = 1.62(d, 3H), 2.71(s, 4H), 3.03(s, 4H), 3.95(4),34.10(q, 1H), 6.92-7.04(m, 4H), 7.25(s,
2H), 7.74(s, 1H,)

5-Chloro-1-M ethyl-2-a-[N*-(2-fluor ophenyl) Piperazinyl] Ethyl Benzimidazole. (RG2) IR (nujol) 3020.63(C-
H), 1612(C=N), 1465(C=C), 1215(C-N}*

1H NMR

(DMSO0): § = 1.59(d, 3H), 2.73(s, 4H), 3.06(s, 4H), 3.90¢4),34.14(q, 1H), 6.92-7.04(m, 4H), 7.25(s, 2H), &K<
1H,)

5-Chloro-1-M ethyl-2-a-[N4-(2-methoxyphenyl) Piperazinyl] Ethyl Benzimidazole,( RG3) IR (nujol) 3016(C-
H), 1612(C=N), 1465(C=C), 1215(C-N, vib), 1060(CAbp), 1030(C-O, alif™*

5-Chloro-1-M ethyl-2-a-[N*-(4-isopr opylphenyl) Piperazinyl] Ethyl Benzimidazole. (RG4) IR (nujol) 3016(C-
H), 1612(C=N), 1465(C=C), 1215(C-N, vil§j*

5-Chlor o-1-M ethyl-2-a-[N*-(3-trifluoromethylphenyl) Piperazinyl] Ethyl Benzimidazole. (RG5) IR (nujol)
3020(C-H), 1608(C=N), 1473(C=C), 1388 (C-H ben®13(C-N, vibef™*

Biological evaluation

ANTIFUNGAL ACTIVITY

The targeted compounds synthesized were screendidefantifungal potential againsgZandida albicans isolated
from sputum sample of patient and was found to dmsitive to Itraconazole, Fluconazole, Ketoconazote
Clotrimazole but developed resistance against comamtifungal antibiotics such as Nystatin and Antphecin-B.
For convenience the synthesized compounds wereddogl@lphabetsRG). A stock solution of 0.250mol/ml of
each compound was prepared. The fungistatic asaaycarried out using sabouraud’s liquid medium.

The media used for the microorganism was the doshiength Sabouraws broth. The composition of the
Sabouraud broth is given below

Table 3: Composition of Sabourauds broth

Sr.no. | Ingredient | Quantity (gm)
1 Glucose 40
2 Peptone 10
3 Water g.s. to 1000ml

Glucose and peptone were dissolved in water wittihg, cooled and the pH was adjusted to 5.4 wititid acid
and filtered. Total matrix was sterilized at #2Gor 15 minutes.

Evaluation of antifungal activity:

The antifungal activity was evaluated by the tubetidn method (turbidimetric method). The turbiditric method
depends upon the inhibition of growth of a micréloiture in a uniform solution of drug in a flurdedium that is
favorable to its rapid growth. In this method, miail inhibitory concentration (MIC) of the antifurgagent is
determined. The MIC is the lowest concentratioamfintimicrobial agent that inhibits the test orgam

The growth in the tube was observed visually fobitlity and inhibition was determined by the absent growth.
MIC was determined by the lowest concentratiorhef¢ample that prevented the development of tuybidi

PROCEDURE

The stock solution of {Imol/ml) of compounds was prepared in DMSO and wafer each tube containing
sterilized Sabouraud’s liquid medium (1ml), 1mldyfig solution were added. Each tube was inoculaiéd the
microorganism and was kept at’80for 14 days. The serial dilutions were made ttaimbconcentrations (in
pmol/ml) such as 0.125, 0.0625 and 0.0314. Positiverol tubes (organism + broth + DMSO) and negationtrol
tubes (broth + drug) were also prepared.
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Fungal strain used w&%andida albicans

All the tubes were incubated at®80for 14 days. The readings were taken and exptessd-), if inhibition of

growth is seen and (+), if inhibition of growthrist seen.

Table 4: Resultsof serial dilutionsfor Candida albicans

Concentration of compound required for inhibition (umol/ml)

Sr.no. | Compounds =475 0.0625 0.0312 0015 0.007
1 RG1 - - + + +
2 RG2 - + +
3 RG3 + + + +
4 RG4 + + T T
5 RG5 + + + +
6 K etoconazole - - - - -

(-) Indicates absence of growth. (+) Indicatesgemece of growth.
0.14
5 0.12
3 0.1
S 008
=
‘—i‘ 3 002 - .
5 0 ‘ ‘ : ‘ . -
g‘ &w Q@m q&g; &u Qg;, 0@‘”:
() &()L’
Compounds «

Fig 1: Antifungal activity against Candida albicans
RESULTSAND DISCUSSION

All the synthesized compounds were screened fdfuaggl activity againstandida albicansATCC10231. The
results of antifungal activity are quite good batrpounds were comparatively less active than stanéRG2 was
identified as highly active derivative and has shaMiC of 0.0312umole /ml against resistant strains@albicans
The compound RG1 has shown MIC of 0.062Bole /ml, while the compounds like RG3, RG4 and RGIEC-
0.125umole /ml) has shown moderate antifungal activity.

CONCLUSION

The combination of benzimidazole and aryl piperaziwas found to be active at 30-120 nanomole/ml
concentrations. Our prediction for the use of betidazole for heme-ligation and the aryl piperazirzgment for
selectivity in the inhibition of fungal Cytochroni®s, iso-enzymes was found to be successful. This tigain
opens new area of antifungal agents, which arepehteand simple than the existing azoles antifuagehts.
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