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Aim of the study was designed to synthesize and evaluate antibacterial activity of novel heterocyclic compounds,
3-methyl-1H-indazole derivatives. The heterocyclic compounds, 3-methyl-1H-indazole derivatives (1a-1d and 2a-
2d) were synthesized; all of them characterized physically by melting point, R¢ value, appearance & solubility; and
some of them characterized spectroscopically by IR and 'H NMR spectroscopy. All the synthesized derivatives
were evaluated for their antibacterial activity against both Gram positive bacteria, Bacillus subtilis and Gram
negative bacteria, Escherichia coli by cup plate method using ciprofloxacin as a standard drug. All the synthesized
heterocyclic compounds, 3-methyl-1H-indazole derivatives (1a-1d and 2a-2d), had shown antibacterial activity
against the B. subtilis and E. coli. Compound 1d i.e., 1-(2-(piperidin-1-yl)ethan-1-oyl)-3-methyl-1H-indazole at the
concentration of 300 pg/ml showed best antibacterial activity against the bacteria B. subtilis and E. coli as
compared to standard drug, ciprofloxacin. The methodology for the synthesis of heterocyclic compounds, 3-
methyl-1H-indazol-1-yl derivatives was simple as well as economical and gave better yield of the synthesized
compounds. The compound, 1-(2-(piperidin-1-yl)ethan-1-oyl)-3-methyl-1H-indazole had shown best antibacterial
activity against the bacteria B. subtilis and E. coli.

1. Introduction but also the potential that the moiety possesses for drug discovery and
development.*1°

Indazole, a heterocyclic aromatic organic compound possessing fused
benzene and pyrazole rings, are rarely found in nature. It is present in the

alkaloids nigellicine, nigeglanine and nigellidine. Nigellicine was iso-

2. Material and methods

lated from the plant Nigella sativa L (black cumin) and nigeglanine was
isolated from the extracts of Nigella glandulifera.’

The biological and medicinal properties of indazoles have prompted
immense research effort aimed at synthetic routes and medicinal
fictionalization of the nucleus. Indazole heterocyclic is a pharmaceuti-
cally important and emerging heterocycle with a broad spectrum of ac-
tivities including anti-microbial, anti-inflammatory, anti-viral, anti-
platelet, anti-spermatogenic activity anti-cataract activity and selective
5-HT¢ antagonist (Fig. 1).2’10

There exists, in published literature, evidence of not only the extent of
research that has been carried out with respect to indazole derivatives
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2.1. Chemicals and solvents

The entire chemicals which were used were of analytical grade, and
are listed below. 2-Hydroxyacetophenon (Sigma Aldrich), Hydrazine
dihydrochloride (Sigma Aldrich), Chloroacetyl chloride (Hi-media), 1-
Bromo-2-chloroethane (Hi-media), Dimethylamine (S D Fine), Diethyl-
amine (S D Fine), Diethanolamine (Hi-media), Piperidine (Sigma
Aldrich), Ethanol (Hi-media), Tetrahydrofuran (Sigma Aldrich), Toluene
(Hi-media), Ethylacetate (Hi-media), Formic acid (Sigma Aldrich), So-
dium hydride (Sigma Aldrich), Ciprofloxacin (Hi-media).

2949-866X/© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND
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Fig. 1. Pharmacological properties of derivatives where the indazole scaffold is
incorporated.

2.2. Reaction scheme

2.3. Experimental protocol

2.3.1. Synthesis of substituted indazole-I

Reagent hydroxy acetophenone (0.1 mol) was added to the solvent
ethanol (75 ml) taken in a round bottomed flask and then, excess quantity
of hydrazine hydrochloride (0.3 mol) was added to it. The mixture was
heated to reflux till substituted indazole-I was formed. Formation of
product was monitored with thin layer chromatography (TLC). Mixture
was cooled with ice cold water. Then, it was filtered and washed to get
solid product. It was dried and percentage yield was calculated. Progress
of reaction and synthesis at each step was governed by TLC. Melting
point, R¢ value and percentage yield was reported at each step.>>

2.3.2. Synthesis of intermediate, Ila/IIb with N-substitution by chloroacetyl
chloride/bromoethyl chloride

The 50 ml anhydrous tetrahydrofuran (THF) was taken in an anhy-
drous round bottomed flask. Indazole intermediate-I prepared in first
step (0.045 mol) was added to it. It was stirred with magnetic stirrer until
solublised. Then, it was again stirred in an ice/water bath. Sodium hy-
dride (NaH, 0.046 mol) was added to it in one portion. Then, chloroacetyl
chloride/bromoethyl chloride (0.046 mol) to get corresponding
intermediate-Ila/IIb with N-substitution, was added to the mixture.
Then, reaction mixture was stirred at room temperature for 24 h to get
intermediate with N-substitution. Mixture was cooled in ice cold water. It
was filtered to get solid product and washed. Product was dried and
percentage yield was calculated.’

2.3.3. Synthesis of final indazole derivatives-IIl by dimethyl amine/diethyl
amine/diethanolamine/piperidine

The 25 ml anhydrous THF was taken in an anhydrous round bottom
flask. Intermediate-II with N-substitution (0.0048 mol) was added to it. It
was stirred with magnetic stirrer until solubilised. Then, it was again
stirred in an ice/water bath. The NaH (0.0049 mol) was added to it in one
portion (this step was omitted during synthesis of compound, 1d/2d).
Then, dimethyl amine/diethyl amine/diethanolamine/piperidine
(0.0049 mol) for the synthesis of corresponding 1/2(a),/1/2(b),/1/
2(c),/1/2(d), was added to the mixture. Reaction mixture was stirred at
room temperature for 24 h to get final indazole derivatives-III (1/2(a),/
1/2(b),/1/2(c),/1/2(d)). Mixture was cooled in ice cold water. It was
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Fig. 2. Reaction scheme for the synthesis of indazole derivatives-III.

filtered to get solid product and washed. Product was dried, crystallized
and percentage yield was calculated.?

2.3.4. Evaluation of antibacterial activity of synthesized indazole
derivatives-IIT

The compounds were screened for their in vitro antibacterial activity
to determine zone of inhibition (at 100 pg/ml, 200 pg/ml, and 300 pg/
ml) against Gram-positive bacteria (Bacillus subtilis MTCC 441) and
Gram-negative bacteria (Escherichia coli ATCC 25922). Cup-plate method
was used for antibacterial testing. Agar was poured onto the sterilized
petridishes (25-30 mL: each petridish). The poured material was allowed
to solidify (30 min) and thereafter, the cups (4 mm diameter) were made
by punching into the agar surface with a sterile cork-borer and scooping
out the punched part of the agar. Into these cups, the test compound
solution (0.1 mL) was poured with the help of a micropipette. The plates
were incubated at 37 °C for 14 h. The antibacterial agents diffuse into the
agar medium and inhibit the growth of the microbial strain. Then, the
diameters of zones of inhibition were measured. The test solutions were
prepared by using dimethyl sulfoxide (DMSO) as solvent. Clinically
active antibiotic, ciprofloxacin was used as the positive control.'"»'?

3. Results and discussion

We depicted here accessible approach to the preparation of novel
indazole derivatives according to under mentioned reaction scheme
(Fig. 2). Indazole derivatives were synthesized by three step reactions. In
first step, substituted indazole derivative (3-methyl-1H-indazole) was
formed by 2'-hydroxyacetophenone in the presence of hydrazine dihy-
drochloride (in excess) and ethanol. Then, this substituted indazole was
treated with either chloroacetyl chloride or 1-bromo-2-chloroethane to
give two corresponding intermediates 1-(2-chloroethan-1-oyl)-3-methyl-
1H-indazole and 1-(2-chloroethyl)-3-methyl-1H-indazole respectively in
the presence of sodium hydride and tetrahydrofuran. In the last step,
these two intermediates were treated separately with dimethyl amine,
diethyl amine, diethanolamine or piperidine to give final products,
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Table 1
Final synthesized indazole derivatives-III with their R¢ values, melting points and
percentage yields.

Compound Name of the synthesized R Melting Yield

no. indazole derivatives-III value point (°C) (%)

la 1-(N,N-di (methyl)aminoethan- 0.37 145-147 53.85
1-oyl)-3-methyl-1H-indazole

1b 1-(N,N-di (ethyl)aminoethan-1- 0.67 178-180 63.24
oyl)-3-methyl-1H-indazole

1c 1-(N,N-di (2-hydroxyethan-1- 0.45 168-170 59.70
yDaminoethan-1-oyl)-3-methyl-
1H-indazole

1d 1-(2-(Piperidin-1-yl)ethan-1- 0.77 180-182 63.70
oyl)-3-methyl-1H-indazole

2a 1-(N,N-di (methyl)aminoethyl)- 0.74 178-180 52.56
3-methyl-1H-indazole

2b 1-(N,N-di (ethyl)aminoethyl)-3- 0.82 167-169 55
methyl-1H-indazole

2¢ 1-(N,N-di (2-hydroxyethan-1- 0.69 183-185 42.64
yl)aminoethyl)-3-methyl-1H-
indazole

2d 1-(2-(Piperidin-1-yl)ethyl)-3- 0.89 184-186 42.78

methyl-1H-indazole

indazole derivatives-III. Hydrzaine dihydrochloride (NH,-NH,.2HC), if
used in excess (more than 2 equivalents), then only it is cyclized and
ringed structure, indazole is synthesized. Otherwise, reaction stops at the
stage of hydrazone. This is acid catalyzed synthesis of indazole. Hydro-
chloride (HCI) of the reagent supply acidic medium. Ethanol here is an
organic solvent. Indazole, if in a crystalline solid state, is to be of the 1H-
tautomer. THF is a solvent for the use of NaH as strong base. Indazole is a
weaker base compared to pyrazole. The nucleophilic action of indazole is
increased in presence of a strong base like NaH. That's why NaH will be
used as a strong base here to increase nucleophilic property of indazole.
Indazole reacts in this step with the reagents having halogen by nucle-
ophilic substitution reaction. N-1 substitution is expected compared to N-
2 substitution due to steric effect of phenyl group present on position-3
adjacent to N-2 of indazole ring. C-3 substituted indazole prefers regio-
selectivity for N; compared to N». While, C-7 substituted indazole prefers
Ny compared to Nj. NOy group, if present on C-7, then it forms
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intramolecular hydrogen bonding with N;-hydrogen. Also, cyclization of
N-1 substituted product to N-2 is hindered due to progress of reaction
below 100 °C. As, reaction below 100 °C does not allow cyclization to
occur. Basic ring cleavage is easier in indazole compared to pyrazoles but
thermolysis takes place at temperature of 600 °C. This step also follows
nucleophilic substitution reaction where amino reagents used here
behave as nucleophile in presence of a strong base NaH. In cases of
piperidine and morpholine, if NaH is not used, then there is no problem.
Because, piperidine and morpholine they come under the category of
reagents which themselves act as base in reaction condition. Indazole
derivative with 3°-amine side chain is only formed by the reagents used
here. Quaternary amines are not formed here due to steric hindrance.

The physical data of substituted 1H-indazole-I, namely 3-methyl-1H-
indazole is as R¢ value is 0.90, melting point 180-182 °C and percentage
yield is 90.92%. The physical data of the intermediate-Ila, namely 1-(2-
chloroethan-1-oyl)-3-methyl-1H-indazole is as Ry value is 0.60, melting
point 148-150 °C and percentage yield is 53.79%. The physical data of
the intermediate-IIb, namely 1-(2-chloroethyl)-3-methyl-1H-indazole is
as Ry value is 0.55, melting point 175-177 °C and percentage yield is
96.04%. The physical data of all the final synthesized indazole
derivatives-III with their R¢ values, melting points and percentage yields
is mentioned in Table 1. IR spectra of compounds 1a and 2a are sown in
Figs. 3 and 4. 'H-NMR data of compound 2a was found to be as follows-

'H NMR (300 MHz, DMSO) & 7.79 (d, J = 8.1 Hz, 1H), 6.98 (d, J =
12.8 Hz, 2H), 7.42 (m, 1H), 6.94 (t, J = 7.0 Hz, 2H), 2.535 (s, 3H), 2.4 (t,
J = 7.0 Hz, 2H), 3.32 (s, 6H).

Final synthesized indazole derivatives were then pharmacologically
evaluated for their antibacterial activity by cup-plate method. Antibac-
terial activity of the final synthesized compounds is shown as zone of
inhibition in Fig. 5, Fig. 6 and Table 2. All the tested compounds had
shown antibacterial activity against Gram-positive bacteria (Bacillus
subtilis MTCC 441) and Gram-negative bacteria (Escherichia coli ATCC
25922). If, larger the zone of inhibition, then lower is the minimum
inhibitory concentration (MIC) and higher is the susceptibility of micro-
organism to the antimicrobial agents. First series 3-metyl-1H-indazole
derivatives (1a-1d) have shown more efficacy as antimicrobial agents
against B. substilis compared to second series 3-metyl-1H-indazole de-
rivatives (2a-2d). Also the activity in first series derivatives was
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Fig. 3. IR spectra of compound 1la.
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Fig. 4. IR spectra of compound 2a.

Fig. 5. Antibacterial activity (zone of inhibition) of synthesized indazole derivatives-III and standard drug, ciprofloxacin against Gram-positive bacteria B. subtilis.

increasing as 1a < 1b < 1c < 1d. It is suggesting that ethanoyl chain in
the 3-methyl-1H-indazole derivatives is increasing their activity as anti-
microbial agents compared to ethanyl chain. It is also suggesting that
antimicrobial activity against B. subtilis is increasing in the order of
methyl < ethyl < hydroxyethyl < piperidinyl. Both series derivatives
are showing almost unchanged effect against E. coli at the same con-
centration, but they are showing increase in activity with increase in
their concentration. It is suggesting that neither ethanoyl or ethanyl
chain nor the side group (methyl, ethyl, hydroxyethy or piperidiny)
incorporation in the 3-methyl-1H-indazole derivatives is increasing their
activity as antimicrobial agents against E. coli. All series derivatives are
more effective against B. subtilis compared to E coli. Amongst all the
compounds, 1d (at the concentration of 300 pg/ml) had shown best
antibacterial activity against both Gram-positive and Gram-negative
bacteria as compared to that of standard drug, ciprofloxacin.
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4. Conclusion

The methodology for the synthesis of heterocyclic compounds, 3-
methyl-1H-indazole derivatives was simple as well as economical and
gave better yield of the synthesized compounds. All the tested com-
pounds had shown antibacterial activity against Gram-positive bacteria
(Bacillus subtilis) and Gram-negative bacteria (Escherichia coli). But,
amongst all the compounds, 1d (at the concentration of 300 pg/ml) had
shown best antibacterial activity against both Gram-positive and Gram-
negative bacteria as compared to that of standard drug, ciprofloxacin.
The compound 1d, 1-(2-(Piperidin-1-yl)ethan-1-oyl)-3-methyl-1H-inda-
zole can further be clinically developed for the treatment of bacterial
infection.
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Fig. 6. Antibacterial activity (zone of inhibition) of synthesized indazole derivatives-III and standard drug, ciprofloxacin against Gram-negative bacteria E. coli.

Table 2
Antibacterial activity (zone of inhibition) of synthesized indazole derivatives-III
and standard drug, ciprofloxacin against the micro-organisms.

Compound no. Concentration (ug/ Zone of inhibition (mm)

mD) Bacillus Escherichia
subtilis coli
la 100 10 8
200 14 21
300 17 27
1b 100 13 9
200 14 18
300 16 23
1c 100 10 10
200 14 20
300 19 27
1d 100 8 10
200 21 45
300 22 46
2a 100 6 20
200 8 7
300 14 11
2b 100 7 12
200 10 12
300 13 13
2¢ 100 8 10
200 9 13
300 10 15
2d 100 8 12
200 9 14
300 13 16
Ciprofloxacin 100 24 25
(Standard) 200 27 30
300 30 33
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