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Abstract: Indazoles are a very important group of nitrogen-containing heterocycles with a wide
range of biological and medicinal applications. These properties make them highly attractive for
drug development, particularly when combined with sulfonamides to enhance their medicinal
potential. In this work, we synthesized an indazole-based sulfonamide, namely the 1-((2-chloro-5-
methoxyphenyl)sulfonyl)-5-nitro-1H-indazole (3). The reduction of the nitro group of 5-nitroindazole
(1) to its corresponding amine was also performed to yield compound (4). Both compounds’ structures
were elucidated using various spectroscopic techniques such as 1H NMR, 13C NMR, infrared (IR), and
high-resolution mass spectrometry (HRMS). Our molecular docking studies suggest that compounds
(3) and (4) have a strong affinity for MAPK1, indicating their potential as cancer treatments.
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1. Introduction

N-heterocyclic compounds possess unique structural units and widely exist in the
bioactive molecules and natural products [1–5]. Among these, indazoles exhibit a large
spectrum of pharmacological activities [6,7] including anti-cancer, anti-bacterial, anti-
inflammatory, anti-depressant, and anti-hypertensive activities [8–13]. Cancer treatment
has progressed significantly. Currently, at least 43 indazole-based drugs are in clinical
trials or have been approved for use [14,15]. In addition, sulfonamides also are among the
first important therapeutic agents widely used in the treatment of several diseases. Any
molecule whose structure includes a section (SO2NH2) is called a sulfonamide. These com-
pounds have gained significant consideration due to their various biological processes in
the agricultural and pharmaceutical fields [16,17]. In its capacity as a bioisostere for the car-
boxylic group, the sulfonamide moiety possesses the inherent advantage of circumventing
several limitations associated with carboxylic groups, notably including issues of metabolic
instability, toxicity, and constrained passive diffusion across biological membranes [18].
Sulfonamide moieties have been consistently identified within a diverse range of phar-
maceuticals, biomolecules, and biologically active compounds, showcasing an extensive
array of biological functionalities. These functionalities encompass anti-fungal effects [19],
anti-inflammatory properties [20], antibacterial [21], antiviral [22], anti-HIV drugs [23], and
anti-cancer activities [24,25]. Here we report the synthesis of new indazole–sulfonamide
derivatives and their molecular docking against the MAPK1 target.

2. Results
2.1. Synthesis

Initially, commercially available 5-nitroindazole (1) was dissolved in dry N,N-dimethyl
formamide (DMF) at 0 ◦C. Then it was reacted with sodium hydride (NaH). This resulted
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in the formation of the corresponding sodium salt of 5-nitro-1H-indazole (2) as an interme-
diate, accompanied by the release of hydrogen gas. The mixture was stirred for 30 min and
eventually 2-chloro-5-methoxybenzene-1-sulfonyl was added. Then, the reaction proceeded
at room temperature for 6 h to give exclusively compound (3) as the N1 isomer.

Afterward, compound (3) underwent a reduction reaction in a mixture of EtOH and
H2O as solvents. Then ammonium chloride (NH4Cl) was added followed by zinc after
a 5 min incubation period, the mixture was stirred for 3 h at room temperature to give
compound (4) in a very good yield as illustrated in Scheme 1. Finally, the compounds (3)
and (4) were purified using column chromatography and characterized with 1H NMR, 13C
NMR, IR, and HRMS.
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Scheme 1. Synthesis of compounds (3) and (4).

The 1H NMR spectrum of compound (3) indicates that the aromatic protons from both
the indazole and phenyl rings exhibit signals between 6.82–8.9 ppm. The methoxy group
(OCH3) appears at 3.44 ppm as singlet signal integrating for three protons (Figure 1 and
Table 1). In order to determine whether sulfonylation occurred at the N1 or N2 position
of indazole, NOESY NMR experiment was realized. As shown in Figure 2, the proton at
position three of indazole does not show any spatial correlations with other protons. This
lack of correlation indicates that the aromatic protons of the sulfonamide part are not in
close proximity to the proton at position three, confirming that the reaction occurred at the
N1 position of indazole. The reduction of the nitro group of (3) into its amine analog was
confirmed by the 1H NMR. The spectrum of compound (4) shows the presence of broad
singlet integrating for two protons appearing at around 5.22 ppm which is attributed to the
amine group (NH2). Furthermore, a slight upfield shift (lower ppm values) as observed for
the aromatic protons of compound (4) which appear in the range of 6.72–8.17 ppm, further
confirming this transformation. This upfield shift was also observed for the methoxy group
of (4) which appears as a singlet near 3.35 ppm (Figure 3 and Table 2).
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Table 1. Complete 1H NMR and 13C NMR signal assignments for compound (3).
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Table 2. Cont.

7.00 1 dd 9, 2.2 H (17)

7.45 1 dd 9, 2.2 H (12)

7.96–8.00 2 m − 2H (2, 10)

8.13 1 d 9 H (13)

57.97 − − − C22

102.14 − − − C10

114.08 − − − C15

116.12 − − − C13

119.70 − − − C12

124.56 − − − C17

126.77 − − − C19

126.92 − − − C5

129.49 − − − C4

134.69 − − − C18

136.58 − − − C9

141.96 − − − C2

146.34 − − − C11

156.71 − − − C16

Figure 1. 1H NMR spectrum of compound (3).
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Figure 2. NOESY NMR spectrum of compound (3).

Figure 3. 1H NMR spectrum of compound (4).
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In the IR spectrum, and as illustrated in Figure 4 for compound (3), we observed
that the sulfonyl group (SO2) exhibits strong bands in 1170 cm−1 and 1345 cm−1 (S=O
stretch). The nitro group (NO2), on the other hand, is characterized by bands at 1345 cm−1

and 1515 cm−1 (N=O stretch). The aromatic C-H stretching vibrations are seen around
3106 cm−1. The methoxy group (OCH3), in addition, shows peaks between 2830 cm−1

and 2950 cm−1 (C-H stretch) and a strong peak around 1074 cm−1 (C-O stretch). On the
other hand, we can see in Figure 5 that the sulfonyl group (SO2) of the compound (4)
shows strong bands at 1174 cm−1 and 1356 cm−1 (S=O stretch). The amine group (NH2)
is indicated by bands around 3353 cm−1 and 3426 cm−1 (N−H stretch). Aromatic C-H
stretching vibrations appear around 3092 cm−1. The methoxy group (OCH3) exhibits bands
between 2810 cm−1 and 2930 cm−1 (C-H stretch) and a strong peak around 1059 cm−1 (C-O
stretch). These spectroscopic features allow us to clearly distinguish between the nitro
compound (3) and the amine compound (4), demonstrating the effectiveness of NMR and
IR spectroscopy in structural elucidation.
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2.2. Molecular Docking

MAPK1 (mitogen-activated protein K=kinase 1) is a member of the MAPK (mitogen-
activated protein kinase) family of serine/threonine protein kinases. This kinase is known
for its crucial role in various human cancers including ovarian, colon, breast, and lung
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cancers [26–29]. It has also been found to promote metastasis and invasion in gastric
cancer [30]. Furthermore, the activation of MAPK1 promotes cell survival in certain tissues
by inhibiting proapoptotic proteins and by stimulating anti-apoptotic factors. Inhibiting
MAPK1 is therefore very important and stands as an active research area in cancer drug
design and development. In this study, an in silico molecular docking was carried out on
compounds (3) and (4) against MAPK1. As shown in Table 3, compound (3) presents good
binding affinity to this kinase with a binding energy value of −7.55 Kcal/mol. Interestingly,
the reduction of the nitro group of (3) to its corresponding amine (analog 4) significantly
enhanced the binding affinity to the MAPK1 kinase as demonstrated by the bonding energy
value of −8.34 Kcal/mol. This is probably due to the increment of the hydrogen bond
donors for compound (4) as compared with compound (3). As illustrated in Figure S5,
compounds (3) and (4) fit to the MAPK1 active site in a similar manner to the crystalized
structure described by Aronov et al. [31]. Furthermore, the two compounds are engaged in
various favorable interactions with several amino acid residues inside the MAPK1 active
site as depicted in Figures 6 and 7. These results suggest that indazole derivatives (3) and
(4) are promising inhibitors of the MAPK1 and could serve as good anti-cancer agents.

Table 3. Molecular docking of compounds (3) and (4).

N◦ Name Molecular Wight (g/mol) 3D Structure B.E. (Kcal/mol)

3 1-((2-chloro-5-methoxyphenyl)
sulfonyl)-5-nitro-1H indazole 367.76
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chromatography to isolate the desired compound (3) in a good yield.

Figure 7. 3D and 2D interactions of compound (4) in the MAPK1 active site.

3. Materials and Methods
3.1. General Methods

Chemicals and reagents were obtained from commercial sources and used without
further purification. Analytical thin-layer chromatography (TLC) was performed on silica
gel 60 F254 (Merck Darmstadt, Germany). The compound was visualized by ultraviolet
(UV) irradiation at 254 or 365 nm. Column chromatography was performed on silica
gel 60 (230–400 mesh, 0.040–0.063 mm). The melting point (m.p. [◦C]) was taken on
samples in open capillary tubes and was not corrected using the Stuart-SMP30 apparatus
(Stuart, Cincinnati, OH, USA). The infrared spectra of compounds were recorded at room
temperature on a Thermo Scientific Nicolet IS50 FT-IR (Thermo scientific, Waltham, MA,
USA). UV-vis spectra were recorded in the 200–800 nm range, with Spectralon as the
reference, using a PerkinElmer Lambda 1050 spectrometer equipped with an integrating
sphere (PerkinElmer, Shelton, CT, USA). 1H NMR and 13C NMR spectra were recorded
on a Jeol 600 MHz spectrometer (Jeol, Tokyo, Japan) in an appropriate deuterated solvent
at room temperature, operating at 600 MHz and 150.91 MHz. Tetramethylsilane (TMS)
was used as reference. The multiplicities of the spectra are reported as follows: singlet (s),
doublet (d), triplet (t), quartet (q), and multiplet (m). Coupling constants (J) are reported in
hertz (Hz). High-resolution mass spectroscopy (HRMS) was performed on a Maxis Bruker
4G (Bruker, Karlsruhe, Germany).

3.2. General Synthetic Procedures

(i) To a stirred solution of 5-nitroindazole (1) (1 equivalent) in 5 mL of dry N,N-
dimethylformamide (DMF) at 0 ◦C, sodium hydride (8 equivalents) was added dropwise.
We obtained the sodium salt of 5-nitro-1H-indazole (2) intermediate, and hydrogen gas
evolved. The mixture was then stirred for 30 min. Afterward, 2-chloro-5-methoxybenzene-
1-sulfonyl (2 equivalents) was added, and the reaction was allowed to proceed at room
temperature for 6 h. The reaction progress was monitored by thin-layer chromatography
(TLC). The organic phase was extracted three times with dichloromethane (DCM) and
saturated aqueous sodium chloride solution, dried over magnesium sulfate, and concen-
trated under reduced pressure. The crude product was purified through silica gel column
chromatography to isolate the desired compound (3) in a good yield.
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(ii) To a solution of compound (3) (1 equivalent) in EtOH/H2O (3:2 (v/v)), NH4Cl
(5 equivalents) was added. 5 min after, zinc (3 equivalents) was added and the mixture
was stirred for 3 h at room temperature. The mixture was filtered under pressure and
dissolved in ethyl acetate (EtOAc). The organic phase was washed with brine, dried under
magnesium sulfate, and concentrated under reduced pressure. The compound (4) was
purified using column chromatography.

1-((2-chloro-5-methoxyphenyl) sulfonyl)-5-nitro-1H-indazole (3), white solid (yield of
88%). m.p. 204–205◦. 1H NMR (600 MHz, CDCl3) δ 8.70 (d, J = 2.2, 1H), 8.47 (dd, J = 8.9,
2.6 Hz, 1H), 8.37 (d, J = 8.9 Hz, 1H), 8.33 (s, 1H), 8.20 (d, J = 2.2 Hz, 1H), 7.55 (dd, J = 8.9,
2.6 Hz, 1H), 6.83 (d, J = 8.9 Hz, 1H), 3.44 (s, 3H).13C NMR (151 MHz, CDCl3) δ 156.26,
144.56, 143.66, 141.42, 136.64, 131.10, 126.31, 124.56, 123.68, 118.30, 114.74, 113.81, 102.14,
56.32. IR (neat): ν 1716 (C=N), 1515 (NO, asymmetric), 1345 (NO, symmetric) cm−1. HRMS
[M+H]+ calculated for C14H12ClN3O5S: 368.0030, found: 368.0106.

1-((2-chloro-5-methoxyphenyl) sulfonyl)-1H-indazol-5-amine (4), white solid (yield of
92%). m.p. 194–195◦. 1H NMR (600 MHz, C2D6OS) δ 8.13 (s, J = 9 Hz, 1H), 7.96–8.00 (m,
2H), 7.45 (dd, 9.0, 2.2, 2H), 7.00 (dd, J = 9.0, 2.2 Hz, 1H), 6.89 (d, J = 2.2, 1H), 6.77 (d, J = 9 Hz,
1H), 5.22 (bs, 2H), 3.35 (s, 3H). 13C NMR (151 MHz, C2D6OS) δ 156.71, 146.34, 141.96,
136.58, 134.69, 129.49, 126.92, 126.77, 124.56, 119.70, 116.12, 114.08, 102.14, 56.97.IR (neat): ν
3426 (NH), 3353 (NH), 1624 (C=N) cm−1. HRMS [M+H]+ calculated for C14H13ClN3O3S:
338.0288, found: 338.0362

3.3. Protein Retrieval and Preparation

The crystal structure of ERK2 (MAPK1) was retrieved in PDB format from the PDB
databank using the PDB ID: 2OJJ. Next, the structure was prepared using BIOVIA Dis-
covery Studio Visualizer (2021) software by removing water molecules as well as the
co-crystalized ligand.

3.4. Ligands Preparation

Ligand 2D structures were sketched using Chemdraw (16.0) and then prepared by
energy minimization using the MM2 algorithm within Chem 3D (16.0) software. PDBQT
format was then generated using the AutoDockTools-1.5.7.

3.5. Docking

AutoDock 4.0 was used for the process of docking.

3.6. Visualization

The best pose of each ligand was then chosen for visualization and the study of the
multiple interactions established between ligands and proteins using BIOVIA Discovery
Studio Visualizer (2021).

3.7. NOE Experiment

The NOESY spectrum was acquired at 295 K on a JEOL NMR spectrometer operating
at 600.13 MHz for ˆ1H, equipped with an HFX ROYAL probe. The pulse program used
was noesygpphzs, a phase-sensitive gradient-enhanced NOESY with PFG zz-filter element,
part of the JEOL DELTA software version 6.2. The 2D-NOESY spectrum was recorded with
2048 × 256 real points (F2, F1). Each point was acquired with 8 scans, an acquisition time of
150 ms, and an interscan delay (d1) of 1.5 s. The mixing time was set to 500 ms. The spectrum
was processed to 1280 × 1024 hypercomplex points using a sexp window function.

4. Conclusions

We successfully synthesized 1-((2-chloro-5-methoxyphenyl) sufonyl)-5-nitro-1H-indazole
(3) through a sulfonylation reaction between 5-nitroindazole and 2-chloro-5-methoxybenzene-
1-sulfonyl chloride. The reduction of the nitro group to its corresponding amine group afforded
compound 1-((2-chloro-5-methoxyphenyl) sulfonyl)-1H-indazol-5-amine (4). The structures of
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the synthesized compounds were confirmed using various spectroscopic techniques, including
1H NMR, 13C NMR, IR, and HRMS. These compounds, characterized by their specific spectral
properties, add to the growing repertoire of sulfonamides, which are known for their diverse
biological activities and therapeutic potentials. The good binding affinity of both compounds
(3) and (4) to MAPK1 kinase demonstrated their potential as anti-cancer agents. The detailed
characterization and synthesis method outlined in this study provides a robust foundation for
further research and application of sulfonamide-based compounds in various biological fields.

Supplementary Materials: Figure S1: 13CNMR compound 3 in CDCl3; Figure S2: HRMS of com-
pound 3; Figure S3: 13CNMR compound 4 in DMSO-d6; Figure S4: HRMS of compound 4; Figure S5:
Superimposition of docked ligands 3 and 4 with crystalized inhibitor [31] of MAPK1.
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