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ABSTRACT

Objectives: Synthesis, characterization, and antimicrobial evaluation of some novel 1,2,4-triazole derivatives clubbed with indole.

Methods: Procedure includes the synthesis of 1,2,4-triazole compounds by condensation reaction with ammonia. The synthesis was carried out in
three steps with chlorophenylhydrazine hydrochloride as starting material with ethyl acetoacetate and hydrazine hydrate in the presence of ethanol
to form hydrazide derivative. The hydrazide derivative then refluxed with ammonium acetate to get the desired compounds.

Results: All the synthesized compounds were characterized and confirmed by Fourier-transform infrared spectroscopy, mass spectroscopy, and
nuclear magnetic resonance spectroscopy. The new compounds (Va-f) synthesized were evaluated for antimicrobial activity.

Conclusion: All the compounds Va-f screened for antimicrobial activity against selected strains of microorganisms. Compound Vb was found to be
potent against Escherichia coli, Vc was found to be more active against Aspergillus niger.
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INTRODUCTION

The indole nucleus is an important structure in many natural or
synthetic alkaloids. Indole is an aromatic heterocyclic organic
compound with formula C;H,N. It has a bicyclic structure consisting six-
membered benzene ring fused with five-membered nitrogen-containing
pyrrole ring. The amino acid tryptophan and neurotransmitter
serotonin are indole derivatives which confirm the importance of
indole in pharmacological and therapeutic activities [1]. Indole
compounds include the plant hormone auxin, the anti-inflammatory
drug indomethacin, -blocker pindolol, and the naturally occurring
hallucinogen dimethyltryptamine [2]. The substituted indole has been
referred to as privileged structure since they are capable of binding to
many receptors with high affinity [3]. The indole ring systemis a valuable
structural moiety having wide range of pharmacological activities
such as analgesic [4], anti-inflammatory [5], antihypertensive [6],
antioxidant [7], anticancer [8], antibacterial [9], and antimicrobial [10].

The triazole ring is an essential pharmacophore in modern drug
discovery. 1,2,4-triazoles and their derivatives are an important
group of heterocyclic compounds identified by a five-membered
ring of two carbons and three nitrogen atoms. Triazole derivatives
exhibit pharmacological properties such as antioxidant [11],
anticancer [12], anti-inflammatory [13], anticonvulsant [14],
analgesic [15], antimicrobial [16], and antitubercular [17].

METHODS

Melting points of the newly prepared compounds were determined
using DBK Instruments melting point apparatus and are uncorrected.
The infrared (IR) spectra of the newly prepared compounds were
recorded on BRUKER attenuated total reflectance IR (ATR-IR)
spectrophotometer. The 'H nuclear magnetic resonance (NMR)
spectral analysis was done using CDCl, as solvent on INOVA NMR
spectrometer at 400 MHz frequency. Electron impact mass spectra
(EI-MS) were recorded on VG Autospec MS. Purity of the compounds

and reaction completion was checked using TLC. Ethyl acetate and
chloroform in the ratio of 8:2 v/v were used as mobile phase for
elution and the spots were detected in iodine chamber. Bacterial
and fungal strains were obtained from IMTECH, Chandigarh, India.
Ampicillin and amphotericin B were purchased from Sigma-Aldrich,
Bangalore, India.

Procedure
Synthesis of ethyl 5-chloro-2-methyl-1H-indole-3-carboxylate (Compound I1I)

In a flat bottom flask (250 ml) fitted with a reflux condenser on a
magnetic stirrer, a mixture of chlorophenylhydrazine hydrochloride
(17.9 g), ethyl acetoacetate (13 ml), and glacial acetic acid (6 ml) with
a constant stirring and reflux for 2 h. After 2 h, the mixture was cooled
and poured in ice water by continuous stirring. Then, the reaction
mixture was Kept in refrigerator. After forming precipitate filtered and
kept for drying. The crude product thus obtained was recrystallized
with ethanol [18].

Synthesis of 5-chloro-2-methyl-1H-indole-3-carbohydrazide (Compound IV)

Ethanolic solution of compound III (10.86 g, 0.05 mol) was refluxed
with hydrazine hydrate (2.5 g, 0.05 mol) for 3 h at 70°C. The reaction
mixture was allowed to cool and poured over crushed ice. Therefore,
solid obtained was filtered and dried. The crude product thus obtained
was recrystallized from ethanol [19].

General procedure for synthesis of 5-chloro-2-methyl-3-(5-substitutedphe
nyl-4H-1,2,4-triazol-3-yl)-1H-indole (Compound Va-f)

To a solution of compound IV (0.1 mol) in acetic acid (20 ml), a pinch
of ammonium acetate was added followed by the addition of aromatic
aldehydes (0.1 mol). The mixture was stirred for 24 h at room
temperature. The mother liquor on neutralization with ammonia
solution gave a solid, which was filtered and recrystallized from
ethanol [20]. The schematic representation of synthesis of target
compounds is shown in Fig. 1.
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Antimicrobial screening

All synthesized compounds were accessed for in vitro antibacterial
action by utilizing two Gram-positive bacteria, namely, Bacillus subtilis
(MTCC 441) and Staphylococcus aureus (MTCC 3160), two Gram-
negative bacteria, namely, Pseudomonas aeruginosa (MTCC 424) and
Escherichia coli (MTCC 443), and antifungal activity by utilizing two
fungi, namely, Candida albicans (MTCC 227) and Aspergillus niger
(MTCC 282) by cup plate method at 100 pg/0.1 ml. Ampicillin and
amphotericin B were utilized as standard reference for comparing the
antibacterial and antifungal activity, respectively.

Cup plate method

Determination of antimicrobial activity was done by measuring the
zone of inhibition using cup plate method [21]. The test tube containing
sterile soft melted agar (2% in distilled water, 6 ml) was maintained at
50°C, inoculated with 0.2 ml suspension of test culture, blended well,
poured in the pre-sanitized Petri plates containing clean supplement
of agar medium and permitted to set for 5 min. Bores measuring
approximately 8 mm in diameter were made on the medium using
sterile borer. Then, the standard and test solution in concentration of
100 pg/0.1 ml were prepared for antibacterial and antifungal test with
N,N-dimethylformamide (DMF). With the help of micropipette, 0.1 ml of
standard and test solution were added to the respective bores. At this
point, the test and standard are kept in refrigerator for 1 h for diffusion
to take place. Afterward, the plates were incubated in upright position
at 37°C for 24 h for microbial growth. DMF was utilized as blank. The
diameter of zone of inhibition (mm) around each bore was measured
and shown in Table 1.
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Fig. 1: Schematic representation of synthesized compound Va-f
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Fig. 2: Graphical representation of antimicrobial activity of Va-f
by cup plate method
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Minimum inhibitory concentration (MIC) method

The MICs of newly synthesized compounds (Va-f) were determined by
serial dilution method [22]. The minimal concentration of a compound
preventing the appearance of turbidity is considered as MIC. All the
incorporated compounds were dissolved separately to prepare stock
solution containing 1000 pg/ml in DMFE The test compounds (Va-f)
(20 mg) were dissolved in 2 ml of the DMF and 1 ml of this solution was
aseptically exchanged to the sterile nutrient broth medium and made up to
10 ml with sterile nutrient broth media; thus, 1 ml of the resulted solution
gives 1000 pg/ml. 1 ml of the above solution was transferred to 1 ml of
DMF to give half the concentration of first. Thus, successive concentrations
such as 500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.90, and 1.95 pg/ml were
prepared in similar manner up to eight dilutions. From 8% dilution, 1 ml of
the solution is removed and disposed of. The tubes were mixed well after
each addition. The experimental MIC values are presented in Table 2.

RESULTS AND DISCUSSION

5-chloro-2-methyl-1H-indole-3-carbohydrazide (IV) was reacted
with different aromatic aldehydes to form 5-chloro-2-methyl-3-
(5-substituted phenyl-4H-1,2,4-triazol-3-yl)-1H-indole  derivatives
(Va-f), which is an example for cyclization by ammonium acetate
to triazoles. The formation of Va-f, from 5-chloro-2-methyl-1H-
indole-3-carbohydrazide (IV), was indicated by its IR, NMR, and MS.
Physicochemical data of 5-chloro-2-methyl-3-(5-phenyl-4H-1,2,4-
triazol-3-yl)-1H-indoles (Va-f) was shown in Table 3.

The Fourier transform infrared (FTIR) spectrum of compound (Va)
exhibited peak at 3203 cm™ which was due to N-H stretching vibration
of indole. The C=N stretching vibration of triazole heteroaromatic ring
was observed at 1586 cm™ and 1563 cm™.. The C=C aromatic stretching
vibration peaks were observed at 1489 cm™. The aliphatic stretching
vibration bands for C-H peak appeared at 2967 cm™ and 2844 cm™.
Singlets observed at § value 11.3 ppm and 11.9 ppm confirm the presence
of NH protons of triazole and indole. A singlet at § value 1.5 ppm is
due to methyl protons (CH,), multiplet at § value 6.8-7.6 confirms the
presence of eight aromatic protons. A M+1 peak observed at m/z value
310 confirms the molecular weight of compound Va. The spectral data of
title compounds Va, Vb, Vc, Vd, Ve, and Vf were given below.

5-chloro-2-methyl-3-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-indole (Va)
ATR-IR (v, cm™): 3203 (NH str. of indole), 3024 (Ar C-H str.), 1586,
1563 (C=N), 2967, 2844 (Aliphatic C-H str.), 1489 (C=C); 'H NMR (400
MHz, CDCL,), 6 ppm: 1.5 (s, 3H, CH,), 6.8-7.6 (m, 8H, ArH), 11.3 (s,1H,
triazole NH), 11.9 (s,1H, indole NH). MS: (m/z = 310).

5-chloro-3-[5-(4-chlorophenyl)-4H-1,2,4-triazol-3-yl]-2-methyl-
1H-indole (Vb)

ATR-IR (v, cm™): 3429 (NH str. of indole), 1592, 1568 (C=N), 2967,
2921 (Aliphatic C-H str), 1488 (C=C). '"H NMR (400 MHz, CDCL,), &
ppm: 2.4 (s, 3H, CH,), 7.0-8.3 (m, 7H, ArH), 11.3(s, 1H, triazole NH),
11.9(s, 1H, indole NH). MS (m/z= 343).

5-choloro-2-methyl-3-[5-(3-nitrophenyl)-4H-1,2,4-triazol-3yl]-
1H-indole (Vc)

ATR-IR (v, —cm™): 3384 (NH str. of indole) 2942 (Aliphatic C-H str),
1468 (C=C). 'H NMR 400 MHz, CDCL,), Sppm (s, 3H, CH,), 7.1-7.6 (m, 7H,
ArH), 11.8 (s, 1H, triazole NH), 11.6 (s, 1H, indole NH). MS (m/z=354).

5-cloro-3-[5-4-methoxy phenyl)-4H-1,2,4-triazol-3yl]-2-methyl-
1H-indole (Vd)

ATR-IR (v, cm™): 3231 (NH str. of indole) 1575, 1552 (C=N), 2846
(Aliphatic C-H str.) 1470 (C=C). "H NMR 400 MHz, CDCl,), 8ppm: 3.3
(s, 3H, CH,), 3.4 (s, 3H, OCH,), 7.2-7.8 (m, 8H, ArH), 11.2 (s, 1H, triazole
NH), 11.9 (s, 1H, indole NH). MS (m/z=339).

5-chloro-2-methyl-3-[3,4,5-trimethoxyphenyl)-4H-1,2,4-triazol-3-
yl]-2-methyl-1H-indole (Ve)

ATR-IR (v, cm™): 3237(NH str. of indole) 1579 (C=N) 2922, 2865
(Aliphatic C-H str.) 1488 (C=C); 'H NMR 400 MHz, CDCL,), 8ppm: 2.6

185



Saba and Bharath

Asian ] Pharm Clin Res, Vol 12, Issue 10, 2019, 184-187

Table 1: Zone of inhibition of 5-chloro-2-methyl-3-(5-phenyl-4H-1,2,4-Triazol-3-yl)-1H-indoles (Va-f)

Compound code R Zone of inhibition (mm)

Bacterial strain Fungal strain

S. aureus B. subtilis E. coli P. aeruginosa A. niger C. albicans
Va -H 29 27 25 24 10 12
Vb -Cl 30 26 31 28 16 15
Ve -m-NO, 28 23 28 27 15 14
vd -OCH, 24 25 27 26 13 12
Ve -3,4,5-0CH, 22 23 20 21 12 13
\%i -(CH,),NH 17 19 20 18 9 8
Ampicillin - 37 31 32 30 - -
Amphotericin B - - - - 18 17

S. aureus: Staphylococcus aureus, B. subtilis: Bacillus subtilis, E. coli: Escherichia coli, P. aeruginosa: Pseudomonas aeruginosa, A. niger: Aspergillus niger,

C. albicans: Candida albicans

Table 2: Minimum inhibitory concentration of compounds 5-chloro-2-methyl-3-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-indoles (Va-f)

Compound code R Minimum inhibitory concentration (pg/ml)

Bacterial strain Fungal strain

S. aureus B. subtilis E. coli P. aeruginosa A. niger C. albicans
Va -H 391 391 62.5 62.5 250 250
Vb -Cl 391 31.25 15.62 31.25 125 125
Ve -m-NO, 391 31.25 62.5 31.25 250 250
vd -OCH, 125 62.5 62.5 31.25 250 250
Ve -3,4,5-0CH, 62.5 125 250 125 250 250
Vf -(CH,),NH 250 250 250 250 500 500
Ampicillin - 1.95 1.95 7.81 15.62 - -
Amphotericin B - - - - - 391 7.81
S. aureus: Staphylococcus aureus, B. subtilis: Bacillus subtilis, E. coli: Escherichia coli, P aeruginosa: Pseudomonas aeruginosa, A. niger: Aspergillus niger,
C. albicans: Candida albicans

Table 3: Physicochemical data of 5-chloro-2-methyl-3-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-indoles (Va-f)

S. No. Compound code R M.F M.P % yield Rf
1 Va -H CH,,CIN, 140°C 75 0.82
2 Vb -4-Cl C,,H,CIN, 180°C 90 0.90
3 Ve -MNO, C,,H,,CIN.O, 195°C 78 0.64
4 vd -OCH? C,H,sCIN,O 140°C 85 0.75
5 Ve -3,4,5-0CH3 C,,H,,CIN,O, 130°C 80 0.84
6 Vf -(CH,),NH 1oHCING 190°C 88 0.70
M.F: Molecular formula, M.P: Melting point, Rf: Retardation factor

(s, 3H, CH,), 3.2 (s, 3H, OCH,), 3.9 (s, 6H, OCH,), 7.2-7.8 (m, 5H. ArH),
11.4 (s, 1H, triazole NH), 11.9 (s,1H, indole NH). MS (m/z=399)

4-[5-(-cholro-2-methyl-1H-indole-3-yl)-4H-1,2,4-triazol-3-yl]-N,N-
dimethyl aniline (Vf)

ATR-IR (v, cm™): 3203(NH str. of indole), 1552 (C=N) 2949, 2912
(Aliphatic C-H str) 1487 (C=C); 'H NMR 400 MHz, CDCL,), Sppm: 2.8
(s, 2H, CH,), 3.7 (s, 6H, OCH,), 6.8-8 (m, 8H, ArH), 11.2 (s, 1H, triazole
NH), 11.6 (s,1H, indole NH). MS (m/z=352).

Antibacterial studies

The antibacterial potency of the newly synthesized compounds Va-f
was tested against human pathogens S. aureus, B. subtilis, E. coli,
and P. aeruginosa. The compounds were tested at 100 pg/0.1 ml
concentration against all the selected bacteria and the results are
shown in Table 1. The results of antibacterial studies showed all the
test compounds possess moderate to good activity against S. aureus,
B. subtilis, E. coli, and P aeruginosa. The compounds Vb and Vc
substituted with electron-withdrawing groups such as chloro and nitro
exhibited enhanced activity against E. coli and P. aeruginosa. The zone
of inhibition data from cup plate method revealed that introduction
of electron-donating groups such as methoxy, 3,4,5-trimethoxy, and
N,N-dimethylamino groups on phenyl ring was detrimental to the

antibacterial activity. The compound Va with no substitution on phenyl
ring was more active than compounds with electron-donating group
substitutions.

Antifungal studies

All the targeted compounds showed antifungal activity against the
tested fungal strains A. niger and C. albicans. Compounds Vb and Vc were
found to be effective against both fungal species as reveled from data
(Tables 1 and 2). Compound Vb and Vc showed good activity against
A. niger and C. albicans. Compound Vb was most potent among all
synthesized derivatives, whereas compound Va, Vd, Ve, and Vf showed
weak to moderate activity against both fungal species. Graphical
representation of antimicrobial activity of compounds (Va-f) by cup
plate method was presented in Fig. 2.

CONCLUSION

Antibiotics are the most common weapons to fight against bacterial
infections, but the resistance is gradually developed due to the overuse
and misuse of antibiotics. Hence, there is constant need to develop
novel antibiotics. Hybrid molecules have the capacity to overcome drug
resistance. 1,2,4-triazole and indole derivatives possess promising
antimicrobial activity, so hybridization of 1,2,4-triazole and indole
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is rationale strategy to develop new antimicrobial candidates. In the
currentresearch work, compounds (Va-f) were successfully synthesized
and confirmed by FTIR, 'HNMR, and mass spectroscopy and screened
for antimicrobial activity. By looking at the results of all compounds,
we came to conclusion that the compounds with electron-withdrawing
groups such as Vb and Vc showed enhanced antibacterial activity and
antifungal activity.
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