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Herein, we report a novel metal-free electrochemical strategy for regioselective N-sulfonylation of in situ

generated indole-based hydrazones using readily available sodium sulfinates. The feasibility of the proto-

col was demonstrated by employing differently substituted aldehydes, hydrazines, and sodium sulfinates

to access N-sulfonylated products in up to 81% isolated yield. Furthermore, various control experiments

and cyclic voltammetry studies were performed to get valuable mechanistic insights. These studies

suggested the formation of indole–phenyldiazenium as an intermediate while ruling out the possibility of

any radical formation during this transformation. In addition, the synthesized compounds were tested for

antibacterial activity against Gram-positive and Gram-negative pathogens. Among them, compounds 5d,

5e, 5l, and 5q were found to have strong and selective antibacterial activity against Staphylococcus

aureus, with 5d being the most potent (MIC = 6.87 µM), while showing only moderate activity against

Gram-negative pathogens. Furthermore, scanning electron microscopy (SEM) analysis revealed that the

most promising hit (5d) causes significant morphological alterations and exerts its effects by causing con-

siderable cellular damage.

Introduction

Hydrazone formation is a powerful strategy for functionalizing
carbonyl compounds, enabling the introduction of diverse func-
tional groups into organic molecules, biomolecules, and poly-
mers.1 Furthermore, hydrazones are a key class of biologically
active compounds with a wide range of medicinal properties,
drawing considerable interest from chemists.2 In particular,
numerous indole-based hydrazone derivatives have been devel-
oped and systematically studied for their therapeutic potential,
including antibacterial, antimalarial, antitumor, antitubercular,
anti-inflammatory, anti-breast cancer and MIF-inhibitory activi-
ties (Fig. 1).3 Their broad pharmacological profiles make them
promising drug candidates with the potential for enhanced
efficacy and reduced toxicity.4 Hence, synthetic strategies for the
synthesis and functionalization of hydrazones have garnered sig-
nificant attention over the past years.5

On the other hand, organosulfones constitute an important
class of compounds with broad utility in pharmaceuticals,
advanced materials, and synthetic chemistry.6 They display a

wide range of biological activities, including antibacterial and
anticancer properties, and are frequently incorporated as key
structural units in therapeutic agents (Fig. 1).7 Furthermore,
organosulfones can be synthesized through various methods
using sulfonylating agents such as sulfonyl chlorides,8 sulfonyl
hydrazides9 and sodium sulfinates.10 Traditional approaches,
including the oxidation of sulfides11 and electrophilic aro-
matic substitution,12 often involve strong oxidants,13 odorous
thiols14 or harsh acidic conditions, limiting functional group
compatibility.15 Modern strategies such as transition-metal-
catalyzed couplings,16 C–H activation,17 and multi-component
reactions with SO2 surrogates18 have broadened the synthetic
scope but still face challenges like high temperatures, toxic by-
products, and limited substrate tolerance. In this context,
sodium sulfinates have emerged as highly effective sulfonyl
donors owing to their bench stability, ease of synthesis, and
compatibility with mild reaction conditions, making them a
preferred choice.19 Interestingly, the integration of organosul-
fone scaffolds with hydrazones within a single structural unit
holds significant promise in the search for new bioactive com-
pounds. The combination of sulfone and hydrazone function-
alities in the same structural unit not only offers potential for
innovative drug development but also opens new avenues in
the design of advanced organic optoelectronic materials.20 As
a result, the sulfonylation of hydrazones has received consider-
able attention in recent years. In this context, Liu and co-
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workers reported an oxidative sulfonylation approach to syn-
thesize β-ketosulfones using a dual-metal co-catalytic system
involving copper and silver salts (Scheme 1a).21 Furthermore,
Zhang and colleagues introduced a heterogeneous
chitosan@Cu catalyst for C–H sulfonylation of hydrazones by
employing sodium sulfinates as sulfonyl donors to access
β-ketosulfones (Scheme 1b).22

Next, electrochemical synthesis has emerged as a green and
sustainable alternative in organic chemistry.23 It utilizes elec-
tricity as a clean reagent, minimizes waste generation, reduces
reliance on hazardous chemicals, and typically proceeds under
mild conditions, making it an eco-friendly and energy-efficient
approach for the synthesis/functionalization of organic mole-
cules like hydrazones.24 In this context, Hajra et al. developed
an electrochemical method for the direct C–H sulfonylation of
aldehyde hydrazones using sodium sulfinates as sulfonylating
agents, leading to the synthesis of various (E)-sulfonylated
hydrazones (Scheme 1c).7c Subsequently, Guo and co-workers
reported a related C–H sulfonylation approach employing a
range of sodium sulfinates to obtain both alkylated and ary-
lated sulfonylated hydrazones (Scheme 1d).25 Herein, we aim
to develop a novel electrochemical strategy for the regio-
selective N-sulfonylation of in situ generated indole-based
hydrazones using sodium sulfinates (Scheme 1e). This method
offers a sustainable and operationally simple route to access a
broad range of clinically important N-sulfonylated hydrazones
under environmentally benign conditions. Subsequently, the
antibacterial efficacy of the newly synthesized molecules
against a panel of Gram-positive and Gram-negative pathogens
was evaluated.

Results and discussion

To establish the optimal reaction conditions for the one-pot
synthesis of compound 5a, we initiated our study using indole-

3-carboxaldehyde 1a, phenylhydrazine 2a, and sodium p-tolue-
nesulfinate 3a as the model substrates. The reaction was
initially performed in an undivided electrochemical cell using
a carbon anode and a nickel cathode under a constant current
of 5 mA (entry 1, Table 1). A mixture of ammonium acetate
(NH4OAc) and potassium iodide (KI) served as the supporting
electrolyte, with acetonitrile (ACN) as the solvent. Under these
conditions, compound 5a was obtained with 82% conversion
(entry 1, Table 1). Subsequent screening of various electrode
combinations (entries 2–6, Table 1), while keeping all other
reaction parameters unchanged, did not lead to improved
yields. When iron and copper were used as cathodes, the
product was formed but the starting material (1a) was also
recovered (entries 5 and 6, Table 1). Furthermore, the reaction
provided almost a similar yield when a platinum or nickel elec-
trode was employed as the cathode along with carbon as the
anode (entries 1 & 3, Table 1); however, nickel was preferred
over platinum owing to its cost-effectiveness, and selected for
further optimization. Additionally, when the reaction was
carried out in the absence of electricity, only trace amounts of
the product (5a) were detected after 1 hour (entry 7, Table 1).
Next, we examined the impact of the electrolyte on the reac-
tion. In this context, replacing the NH4OAc/KI combination
with single salts such as tetrabutylammonium iodide (TBAI),
tetrabutylammonium acetate (TBAOAc), lithium perchlorate
(LiClO4) or sodium acetate (NaOAc) resulted in no product for-
mation (entries 8–11, Table 1), suggesting that a synergistic
effect of both ammonium acetate and iodide salts is essential.
Further investigations showed that when NH4OAc or KI was
used individually, no product (5a) was formed (entries 12 and
13, Table 1). However, combining TBAOAc with various halide
salts revealed that the reaction proceeded efficiently only with
KI (entry 14, Table 1), while the use of KBr or MgBr2 led to sig-
nificantly lower conversions (entries 15 and 16, Table 1). These
observations highlight the important role of iodide and
acetate ions in this reaction. Additionally, reactions using TBAI

Fig. 1 Pharmacologically relevant indole-based hydrazones and organosulfones.
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in combination with NH4OAc also led to successful product
formation, further confirming the necessity of both iodide and
acetate ions (entry 17, Table 1).

The use of LiClO4 with KI again failed to yield the product,
reinforcing the specificity of the required electrolyte system
(entry 18, Table 1). Importantly, the use of elemental iodine
(I2) instead of iodide salts resulted in no product formation,
further emphasizing the crucial role of the iodide ion (entry
19, Table 1).

Next, solvent screening showed that replacing acetonitrile
(ACN) with ACN : H2O (1 : 1, v/v), ethanol (EtOH), 1,2-dichlor-
oethane (DCE), or DMSO resulted in significantly reduced con-
versions (entries 20–23, Table 1). In the case of ACN : H2O

(1 : 1, v/v) and EtOH, 22% and 25% conversion of 5a was
observed, respectively, with the recovery of the starting
material 1a. Similarly, the reaction in DCE led to only 5% con-
version. In contrast, no conversion was observed in DMSO,
and 1a was recovered unchanged. These findings confirmed
that acetonitrile is the optimal solvent for achieving higher
product yields. Variation of the applied current also affected
the reaction outcome. Reducing the current to 1 mA resulted
in a substantial drop in yield, likely due to insufficient conduc-
tivity, which prevented the reaction from proceeding efficiently
(entry 24, Table 1). Conversely, increasing the current to 10 mA
led to partial decomposition of the reactants; however, a mod-
erate 77% conversion to product 5a was still achieved (entry

Scheme 1 Recent methods for sulfonylation of hydrazones using sodium sulfinates.
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25, Table 1). Finally, changing the reaction temperature
(entries 26 and 27, Table 1) did not lead to any notable
improvement in yield. Next, the ratio of NH4OAc and KI was
varied; however, the reaction gave an inferior yield (entries 28
and 29, Table 1). Moreover, a change in the substrate’s molar
ratio did not improve the reaction outcome. Notably, using the
NaOAc/KI salt combination resulted in a decreased yield of
product 5a (67%) (entry 30, Table 1).

With the best reaction conditions in hand, we explored the
substrate scope by employing a range of electronically and
structurally diverse aldehydes, sulfinate salts, and hydrazines.
Indole-3-carboxaldehydes bearing electron-donating groups
afforded higher yields compared to the unsubstituted indole-3-
carboxaldehydes (5a–5c, Scheme 2). Moreover, indole-3-carbox-
aldehydes containing halide substituents at the C-4 and C-5
positions gave good yields of the desired products (5d–5f,
Scheme 2). However, a significant drop in yield was observed
when aldehydes containing strong electron-withdrawing
groups such as NO2 and CN were used under the same electro-

chemical conditions with phenyl hydrazine and sodium tosyl
sulfinate (5g and 5h, Scheme 2). On extending the method-
ology to benzaldehydes, we observed that these compounds
showed a marked decline in product yields compared to
indole-3-carboxaldehydes (5i and 5j, Scheme 2). Furthermore,
phenyl sulfinate salts bearing electron-donating groups or
halide substituents gave satisfactory results (5k–5m,
Scheme 2). In contrast, phenyl sulfinate salts with strong elec-
tron-withdrawing groups such as CF3 and NO2 led to a con-
siderable decrease in yield, likely due to reduced nucleophili-
city of the PhSO2

− anion (5n and 5o, Scheme 2).26 When
methyl sodium sulfinate (MeSO2Na) was used in place of aryl
sulfinates, a noticeable decline in product yield was observed,
which may be attributed to the absence of conjugation and
reduced nucleophilicity of the sulfonyl sulfur (5p, Scheme 2).27

Furthermore, we tested the reaction with sodium vinylsulfi-
nate; however, no desired sulfonylated product was obtained,
indicating that the current protocol is not effective for alkenyl
sulfinates (5q, Scheme 2). Next, we examined hydrazines

Table 1 Optimization of reaction conditionsa

Entry Electrode Current Salts Equiv. of salts Solvent Conversionb (%)

1 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 82
2 Pt(+)|Pt(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 77
3 C(+)|Pt(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 79
4 C(+)|C(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 70
5 C(+)|Fe(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 68
6 C(+)|Cu(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 66
7 — — NH4OAc/KI 5 : 0.5 ACN 4
8 C(+)|Ni(−) 5 mA TBAI 5.0 ACN 0
9 C(+)|Ni(−) 5 mA TBAOAc 5.0 ACN 0
10 C(+)|Ni(−) 5 mA LiClO4 5.0 ACN 0
11 C(+)|Ni(−) 5 mA NaOAc 5.0 ACN 0
12 C(+)|Ni(−) 5 mA NH4OAc 5.0 ACN 0
13 C(+)|Ni(−) 5 mA KI 5.0 ACN 0
14 C(+)|Ni(−) 5 mA TBAOAc/KI 5 : 0.5 ACN 72
15 C(+)|Ni(−) 5 mA TBAOAc/KBr 5 : 0.5 ACN 40
16 C(+)|Ni(−) 5 mA TBAOAc/MgBr2 5 : 0.5 ACN 36
17 C(+)|Ni(−) 5 mA TBAI/NH4OAc 5 : 0.5 ACN 73
18 C(+)|Ni(−) 5 mA LiClO4/KI 5 : 0.5 ACN 0
19 C(+)|Ni(−) 5 mA I2 5.0 ACN 0
20 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 ACN : H2O (1 : 1, v/v) 22
21 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 EtOH 25
22 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 DCE 5
23 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 DMSO 0
24 C(+)|Ni(−) 1 mA NH4OAc/KI 5 : 0.5 ACN 70
25 C(+)|Ni(−) 10 mA NH4OAc/KI 5 : 0.5 ACN 77
26 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 54c

27 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 0.5 ACN 65d

28 C(+)|Ni(−) 5 mA NH4OAc/KI 5 : 1 ACN 79
29 C(+)|Ni(−) 5 mA NH4OAc/KI 3 : 0.5 ACN 63
30 C(+)|Ni(−) 5 mA NaOAc/KI 5 : 0.5 ACN 67

a Reaction conditions: 1a (10 mg, 0.07 mmol), 2a (8 µL, 0.08 mmol), 3a (24 mg, 0.13 mmol), solvent (2 mL) under a constant current flow in an
undivided cell with electrodes at 40 °C. bDetermined by HPLC. c Temperature 30 °C. d Temperature 50 °C.

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2025 Org. Biomol. Chem., 2025, 23, 8948–8960 | 8951

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
Se

pt
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 5

/6
/2

02
6 

3:
19

:5
5 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01107h


bearing halide substituents, which also resulted in decreased
yields (5r and 5s, Scheme 2). Interestingly, the reaction gave
the corresponding product in 69% isolated yield when tosyl
hydrazine was employed instead of phenyl hydrazine (5t,
Scheme 2). When acyl and benzoyl hydrazines were tested,
they did not provide the desired sulfonylated products (5u and
5v, Scheme 2). However, when the scope was extended to
ketone derivatives such as 3-acetylindole, we were delighted to
obtain the corresponding product in 68% yield (5w,
Scheme 2). Further, there was no reaction when N-methyl
indole was employed in the reaction.

A proposed reaction mechanism for the regioselective syn-
thesis of compound 5a is depicted in Scheme 3. Initially, KI
reacts with ACN and undergoes anodic oxidation to generate
the iodinium species [(CH3CN)2I

+].28 This electrophilic iodi-
nium species subsequently reacts with the in situ generated
hydrazone 4a, which is formed via the condensation of 1a and
2a. Furthermore, the abstraction of a proton by the acetate ion
facilitates the formation of the indole hydrazone iodinium

Scheme 2 Substrate scope of electrochemical N-sulfonylation of in situ generated hydrazones. Reaction conditions: C anode, Ni cathode, alde-
hydes 1 (100 mg, 0.68 mmol, 1 equiv.), hydrazines 2 (81 µL, 0.82 mmol, 1.2 equiv.), sodium sulfinates 3 (245 mg, 1.37 mmol, 2 equiv.), NH4OAc
(265 mg, 3.4 mmol, 5 equiv.), KI (57 mg, 0.34 mmol, 0.5 equiv.), ACN (10 mL) under a constant current flow of 5 mA in an undivided cell with electro-
des at 40 °C, isolated yields.

Scheme 3 Plausible mechanism.
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intermediate (I), which undergoes rearrangement to form
indole–phenyldiazenium as an intermediate (II) (confirmed
using HRMS data, Fig. S2–S4). Thereafter, nucleophilic attack
by the sulfinate anion on intermediate (II) leads to the for-
mation of the final product 5a. The use of NH4OAc in excess is
crucial, as it serves not only as a proton abstractor but also
undergoes reduction at the cathode during the electrochemical
process.28

Furthermore, to get more insight into the proposed reaction
pathway, a series of control experiments were performed. First,
the reaction was conducted in the presence of radical scaven-
gers such as (2,2,6,6-tetramethylpiperidin-1-yl)oxidanyl
(TEMPO) (4 equiv.) (Scheme 4a) and butylated hydroxytoluene
(BHT) (4 equiv.) (Scheme 4b), and product 5a was still obtained
in good yield under these conditions, thereby ruling out a
radical pathway and suggesting that no sulfinate radical inter-
mediate is involved, as reported previously by various
groups.25,29

Next, cyclic voltammetry studies were carried out to gain
more insight into the proposed electrochemical reaction
mechanism. In this context, hydrazone 4a exhibited two dis-
tinct oxidation potentials at 0.43 V and 1.78 V (Fig. 2).
Separately, KI in acetonitrile showed oxidation waves at 1.00 V
and 1.50 V. Interestingly, upon addition of KI to the reaction
mixture, the first oxidation potential of hydrazone shifted to a
more positive value (0.53 V), indicating the formation of the
indole hydrazone iodinium intermediate I.28

Antibacterial susceptibility analysis of the synthesized
derivatives

Primarily, whole-cell screening of the synthesized derivatives
(5a–5s) was conducted at a single concentration of 50 µM
against Gram-positive and Gram-negative pathogens. This led
to the identification of four potent hits, 5d, 5e, 5l, and 5q, that
exhibited a growth inhibition of >85% against the Gram-posi-
tive pathogen S. aureus. On the other hand, these derivatives
showed a moderate inhibitory effect against Gram-negative
pathogens. The average percentage viability of the pathogens
in the presence of derivatives 5d, 5e, 5l, and 5q is shown in
Table 2. These findings highlight the selective antibacterial
potential of the identified molecules toward the Gram-positive

pathogen S. aureus. Next, the minimum inhibitory concen-
tration (MIC) of the shortlisted hits was determined against
S. aureus using the broth micro-dilution assay to further assess
their antibacterial potency. The active hits were tested at varied
concentrations using vancomycin as the positive control in the
experimentation. Compounds 5d, 5e, 5l, and 5q exhibited

Scheme 4 Radical scavenging experiments.

Fig. 2 Cyclic voltammograms (IUPAC convention) recorded in 0.1 M
nBu4NPF6/ACN at room temperature using a Pt working electrode, a Pt
wire counter electrode, and an Ag/AgCl reference electrode. Scan rate:
0.05 V s−1; initial potential: 0 V; scan direction: 0 → +3 V (oxidative). (a)
ACN, (b) 4a (0.001 M), (c) KI (0.024 M), (d) KI (0.024 M) and 4a (0.001 M).

Table 2 Percentage viability of S. aureus, K. pneumoniae, A. baumannii,
and E. coli pathogens at 50 µM concentration of derivatives. The results
are expressed as mean ± standard deviation of three independent
experiments

Compound
code

Percentage viability

S. aureus K. pneumonia A. baumannii E. coli

5d 0.24 ± 0.12 84.17 ± 2.31 80.52 ± 1.68 78.59 ± 1.77
5e 10.26 ± 0.87 94.93 ± 2.03 >100 82.79 ± 2.85
5l 0.24 ± 0.11 >100 >100 81.78 ± 2.59
5q 1.73 ± 0.13 73.27 ± 1.46 85.54 ± 2.24 98.15 ± 1.25
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effective antimicrobial activity against S. aureus. Among these
hits, compound 5d emerged as the most potent hit with an
MIC value of 6.87 µM. The other three active hits (5e, 5l, and

5q) displayed MIC values in the range of 10 to 26 µM. The
dose–response curves of the four shortlisted hits and the stan-
dard drug (vancomycin) are shown in Fig. 3.

Fig. 3 Dose-dependent curves of the four shortlisted hits against the S. aureus pathogen. Vancomycin was used as a standard drug control in the
experiment. All the results are presented as mean ± standard deviation of three independent experiments.

Fig. 4 Scanning electron microscopy (SEM) analysis of S. aureus cells. Untreated control and drug control (vancomycin) at 1× MIC. The S. aureus
pathogen exposed to potent hit (5d) at 1× and 2× MIC, respectively. White arrows in the figure depict the damage to the bacterial pathogen after
treatment (scale bar = 1 μm).
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Scanning electron microscopy (SEM) analysis

The SEM technique was used to visualize the ultrastructural
changes in the bacterial cell after treatment with biocidal
molecules. Thus, in the present study, we have treated
S. aureus cells with 1× and 2× MIC of the potent hit 5d to inves-
tigate any structural irregularities and morphological altera-
tions in the bacterial pathogen (Fig. 4). SEM analysis revealed
that untreated cells had smooth surfaces with round shapes,
whereas cells treated with the control drug at 1× MIC showed
considerable damage. Upon treatment with the potent hit 5d
at 1× and 2× MIC, substantial morphological changes, includ-
ing surface depression and wrinkled and irregular appearance,
are visible, leading to bacterial cell death.

Conclusions

In summary, we have developed a novel electrochemical meth-
odology for the regioselective N-sulfonylation of in situ gener-
ated indole-based hydrazones. The scope and robustness of
this eco-friendly protocol were demonstrated through the suc-
cessful transformation of a wide variety of aldehydes, hydra-
zines, and sodium sulfinates, affording the corresponding
N-sulfonylated products in good yields. To confirm the essen-
tial role of electrical input in this transformation, a series of
control experiments were carried out. Furthermore, cyclic vol-
tammetry analyses were conducted to gain mechanistic
insights and support the proposed reaction pathway. Next, the
synthesized compounds were tested at 50 µM to evaluate their
antibacterial activity. Four compounds, 5d, 5e, 5l, and 5q,
stood out by showing strong inhibition (over 85%) against
S. aureus, a common Gram-positive bacterium. However, they
were only moderately effective against Gram-negative bacteria.
Further testing confirmed that these hits, especially 5d with an
MIC of 6.87 µM, showed promising and selective activity
against S. aureus. These findings suggest that the identified
compounds could serve as potential leads for developing tar-
geted treatments against Gram-positive infections. Other
advanced antimicrobial biological studies are in progress in
our lab and will be reported in due course. This study not only
underscores the utility of electrochemical synthesis in modern
organic chemistry but also opens new avenues for the sustain-
able development of medicinally important sulfonamide
derivatives as antibacterial compounds.

Experimental
General information

All chemicals and solvents were obtained from commercial
vendors and used without further purification. All the glass
and plasticware utilized in experimentation were sourced from
Borosil Scientific (India) and Tarsons (India). Electrochemical
reactions were carried out using an OWON (P4305) instrument
in an undivided electrochemical cell equipped with a magnetic
stirrer. Reaction progress was monitored by thin-layer chrom-

atography (TLC), using silica gel-coated glass plates. Column
chromatography was performed using silica gel (60–120 mesh)
as the stationary phase, with a solvent system of diethyl ether
and hexane serving as the mobile phase. 1H and 13C NMR
spectra of the synthesized compounds were recorded on a
Bruker spectrometer operating at 700/500/400 MHz and 176/
126/101 MHz respectively. Tetramethylsilane (TMS) was used
as an internal reference in CDCl3. Chemical shifts (δ) are given
in parts per million (ppm), and coupling constants ( J) are
reported in hertz (Hz). Residual solvent signals were used for
calibration: CDCl3 at 7.26 ppm (1H) and 77.16 ppm (13C). The
NMR data were annotated using the following abbreviations: s
(singlet), brs (broad singlet), d (doublet), t (triplet), q (quartet),
dd (doublet of doublet), and m (multiplet). High-resolution
mass spectrometry (HRMS) was performed on a Waters QTOF
(XEVO G2 XS) mass spectrometer using electrospray ionization
in the positive mode (ESI+). Reaction conversions were quanti-
fied using high-performance liquid chromatography (HPLC)
with 1,3-benzodioxole as an internal standard. The HPLC
system consisted of a Shimadzu LC-20AD pump, a CTO-10AS
column oven, and a photodiode array (PDA) detector. Cyclic
voltammetry was conducted using a DY2300 potentiostat to
study the redox behaviour relevant to the electrochemical
process. Essential reagents like standard antibiotics and resa-
zurin dye were received from Hi-Media (India). The bacterial
strains Staphylococcus aureus (ATCC 29213), Klebsiella pneumo-
niae (ATCC 15380), Acinetobacter baumannii (ATCC 19606), and
Escherichia coli (ATCC 25922) were procured from the insti-
tutional microbial repository. For culturing bacterial strains,
Luria Bertani (LB) broth and LB agar were procured from Hi-
Media (India). Bacterial stocks were preserved in cryovials at
−80 °C in 30% glycerol to maintain viability. Fluorescence
readings were taken using a Tecan Infinite M200-pro multi-
mode plate reader. A centrifuge (Thermo Fisher 5830R) and a
shaker incubator (REMI CIS-24-Plus) were utilized during the
experimental procedure. All the biological assays were per-
formed in a biosafety cabinet (ESCO AC2-4S1). The SEM study
involved the utilization of GelBond film obtained from Lonza
(Rockland, USA).

General procedure for the synthesis of compounds (5a–5s)

A mixture of indole-3-carboxaldehyde (100 mg, 0.68 mmol, 1.0
equiv.), phenylhydrazine (81 µL, 0.82 mmol, 1.0 equiv.), and
sodium p-toluenesulfinate (245 mg, 1.37 mmol, 2.0 equiv.) was
dissolved in 10 mL of ACN in a reaction vial. Thereafter,
NH4OAc (265 mg, 3.4 mmol, 5.0 equiv.) and KI (57 mg,
0.34 mmol, 0.5 equiv.) were added to the reaction mixture.
Electrolysis was then carried out by applying a constant
current of 5 mA using a carbon anode and a nickel cathode,
with the reaction mixture maintained at 40 °C in an oil bath.
The mixture was stirred under these conditions for 12 h. Upon
consumption of the starting materials, as confirmed by TLC,
the electric current was turned off, and the solvent was
removed under reduced pressure using a rotary evaporator.
The resulting crude product was purified by column chromato-
graphy to afford the desired compounds.
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Antibacterial susceptibility test (single point assay)

The antibacterial susceptibility of the synthesized compounds
was determined against Gram-positive (S. aureus) and Gram-
negative (K. pneumoniae, A. baumannii, and E. coli) pathogens
at a single concentration of 50 µM. Briefly, the parent stocks of
20 mM concentration of the compounds were prepared by dis-
solving them in DMSO. The logarithmic phase of bacterial
culture was adjusted to 0.5 McFarland and further diluted to
1 : 100 to obtain a final cell density of 1 × 106 CFU mL−1.30,31

Subsequently, 100 µL of this freshly prepared bacterial suspen-
sion was dispensed into a 96-well flat-bottom plate containing
50 µM of synthesized compounds in triplicate and incubated
for 24 h at 37 °C in a shaker incubator. After incubation, 10 µL
of freshly prepared resazurin dye (0.04% dissolved in 1× PBS)
was added to the culture plate, followed by another hour of
incubation at 37 °C. Finally, the Tecan Infinite M200-pro mul-
timode reader was utilized to measure the fluorescence inten-
sity with excitation and emission wavelengths set at 530 nm
and 600 nm, respectively, to calculate the cell viability. The
percentage viability of bacterial pathogens was calculated for
each compound, and the results are presented as mean ± stan-
dard deviation of three independent measurements performed
in triplicate.

Minimum inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC), defined as the
lowest compound concentration with no visible bacterial
growth, was determined for the identified hits using a broth
microdilution assay in accordance with the guidelines of the
Clinical and Laboratory Standards Institute (CLSI).32,33 Briefly,
the compounds were serially diluted at a gradient concen-
tration ranging from 50 µM to 1.56 µM in 96-well flat-bottom
plates. Then, 100 µL of bacterial suspension with a cell density
of 1 × 106 CFU mL−1 was added to each well and incubated for
24 h at 37 °C. Following incubation, resazurin dye was added,
and fluorescence was measured using a plate reader (as
described above). Finally, the Gompertz equation was used to
determine the MIC, and the data were plotted using GraphPad
Prism 9 (Version 9.3.1). The experiment for MIC determination
was performed in biological triplicates.

Scanning electron microscopy analysis

Scanning electron microscopy (SEM) was performed as
reported previously.31,34 Bacterial cultures of S. aureus in the
exponential phase were diluted with 1× PBS to an OD600 of
0.06 and then treated with 1× and 2× MIC of the potent hit 5d
and incubated at 37 °C for 4 h. Following incubation, bacterial
cultures were centrifuged at 5000 rpm for 5 minutes, and the
pellet was washed thrice with 1× PBS. After this, 5 µL aliquots
of cell suspension were placed onto SEM sheets and left to air
dry. Furthermore, the slides were fixed with 4% paraformalde-
hyde and 2.5% glutaraldehyde and air-dried overnight. After
fixation, the slides were immersed in a graded ethanol series
(30%, 50%, 70%, 90%, and 100%). The dried samples were
coated with colloidal gold using a sputter coater, and morpho-

logical changes were examined under a JEOL JSM 6010
PLUS-LA (Akishima, Tokyo, Japan) scanning electron
microscope.

Characterization of compounds

(Z)-N′-((1H-Indol-3-yl)methylene)-4-methyl-N-phenylbenzene-
sulfonohydrazide (5a). Off-white solid, 1H NMR (400 MHz,
CDCl3): δ 9.26 (brs, 1H), 8.09 (s, 1H), 7.86 (d, J = 8.4 Hz, 2H),
7.71 (s, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.32 (s, 1H), 7.30 (s, 1H),
7.25 (s, 1H), 7.23 (s, 1H), 7.21 (s, 1H), 7.19 (s, 1H), 7.12 (t, J =
7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 7.6 Hz, 2H),
2.45 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3): δ 144.2, 142.7,
138.8, 136.4, 136.0, 129.6, 129.3, 128.8, 128.4, 124.6, 123.3,
122.1, 121.5, 119.7, 113.9, 112.5, 21.7 ppm. HRMS (ESI-TOF)
m/z: [M + H]+ calcd for C22H20N3O2S, 390.1276; found,
390.1263.

(Z)-N′-((5-Methoxy-1H-indol-3-yl)methylene)-4-methyl-N-phe-
nylbenzenesulfonohydrazide (5b). White solid, 1H NMR
(500 MHz, CDCl3): δ 9.02 (brs, 1H), 8.02 (s, 1H), 7.83 (d, J = 8.5
Hz, 2H), 7.60 (d, J = 2.5 Hz, 1H), 7.33 (d, J = 9.0 Hz, 1H),
7.29–7.26 (m, 2H), 7.21–7.18 (m, 2H), 6.92–6.85 (m, 4H), 6.52
(d, J = 2.0 Hz, 1H), 3.63 (s, 3H), 2.42 (s, 3H) ppm. 13C NMR
(126 MHz, CDCl3): δ 155.4, 144.2, 142.8, 139.1, 136.4, 129.5,
129.4, 129.0, 128.6, 125.2, 122.1, 113.9, 113.8, 113.3, 101.0,
100.1, 55.8, 21.7 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C23H22N3O3S, 420.1381; found, 420.1372.

(Z)-4-Methyl-N′-((2-methyl-1H-indol-3-yl)methylene)-N-phenyl-
benzenesulfonohydrazide (5c). White solid, 1H NMR (500 MHz,
CDCl3): δ 8.89 (brs, 1H), 7.89 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H),
7.27 (d, J = 8.0 Hz, 1H), 7.23–7.21 (m, 2H), 7.16–7.13 (m, 2H),
7.09 (m, 1H), 6.97–6.94 (m, 2H), 6.89–6.85 (m, 3H), 2.38 (s,
3H), 2.21 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3): δ 144.0,
142.6, 139.7, 138.5, 137.1, 135.8, 129.5, 129.3, 128.8, 126.4,
122.5, 122.2, 121.1, 118.9, 114.0, 111.2, 97.8, 21.7, 13.2 ppm.
HRMS (ESI-TOF) m/z: [M + H]+ calcd for C23H22N3O2S,
404.1432; found, 404.1422.

(Z)-N′-((5-Bromo-1H-indol-3-yl)methylene)-4-methyl-N-phenyl-
benzenesulfonohydrazide (5d). Off-white solid, 1H NMR
(500 MHz, CDCl3): δ 9.43 (brs, 1H), 7.98 (s, 1H), 7.88 (d, J = 8.5
Hz, 2H), 7.62 (d, J = 3.0 Hz, 1H), 7.37 (d, J = 8.5 Hz, 2H), 7.30
(d, J = 3.0 Hz, 2H), 7.26–7.23 (m, 3H), 6.97 (t, J = 7.5 Hz, 1H),
6.89 (d, J = 8.0 Hz, 2H), 2.51 (s, 3H) ppm. 13C NMR (126 MHz,
CDCl3): δ 144.6, 142.5, 138.3, 135.8, 134.7, 129.7, 129.4, 129.3,
129.1, 126.4, 126.3, 122.4, 121.9, 114.8, 114.0, 99.4, 21.8 ppm.
HRMS (ESI-TOF) m/z: [M + H]+ calcd for C22H19BrN3O2S,
468.0381; found, 468.0374.

(Z)-N′-((4-Bromo-1H-indol-3-yl)methylene)-4-methyl-N-phenyl-
benzenesulfonohydrazide (5e). Off-white solid, 1H NMR
(500 MHz, CDCl3): δ 9.62 (brs, 1H), 7.89 (d, J = 6.5 Hz, 2H),
7.80 (s, 1H), 7.36 (d, J = 2.5 Hz, 1H), 7.33 (dd, J = 7.5, 4.5 Hz,
3H), 7.20–7.15 (m, 3H), 6.96 (t, J = 8.5 Hz, 1H), 6.89 (t, J = 7.5
Hz, 1H), 6.82 (d, J = 8.0 Hz, 2H), 2.45 (s, 3H) ppm. 13C NMR
(126 MHz, CDCl3): δ 144.4, 142.6, 138.4, 137.1, 135.8, 129.5,
129.4, 129.3, 129.0, 125.3, 125.1, 124.2, 122.2, 114.1, 113.2,
111.7, 99.0, 21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C22H19BrN3O2S, 468.0381; found, 468.0377.

Paper Organic & Biomolecular Chemistry

8956 | Org. Biomol. Chem., 2025, 23, 8948–8960 This journal is © The Royal Society of Chemistry 2025

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
Se

pt
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 5

/6
/2

02
6 

3:
19

:5
5 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01107h


(Z)-N′-((5-Chloro-1H-indol-3-yl)methylene)-4-methyl-N-phenyl-
benzenesulfonohydrazide (5f). Off-white solid, 1H NMR
(500 MHz, CDCl3): δ 9.14 (brs, 1H), 7.92 (s, 1H), 7.82 (d, J = 8.5
Hz, 2H), 7.66 (d, J = 3.0 Hz, 1H), 7.36–7.30 (m, 3H), 7.26 (s,
1H), 7.22–7.16 (m, 3H), 7.08 (d, J = 2.0 Hz, 1H), 6.93 (t, J = 7.5
Hz, 1H), 6.87 (d, J = 7.5 Hz, 1H), 2.45 (s, 3H) ppm. 13C NMR
(126 MHz, CDCl3): δ 144.5, 142.6, 138.2, 136.0, 134.3, 129.6,
129.5, 129.4, 129.0, 127.4, 125.8, 123.9, 122.4, 119.0, 114.0,
113.4, 21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C22H19ClN3O2S, 424.0886; found, 424.0883.

(Z)-4-Methyl-N′-((5-nitro-1H-indol-3-yl)methylene)-N-phenyl-
benzenesulfonohydrazide (5g). Yellow solid, 1H NMR
(500 MHz, CDCl3): δ 9.69 (brs, 1H), 8.07–8.04 (m, 2H), 7.92 (s,
1H), 7.85 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 2.0 Hz, 1H), 7.48 (d, J =
9.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.21–7.18 (m,
2H), 6.98–6.93 (m, 1H), 6.83 (d, J = 7.5 Hz, 1H), 2.46 (s, 3H)
ppm. 13C NMR (126 MHz, CDCl3): δ 138.9, 135.4, 131.4, 129.8,
129.5, 129.4, 129.1, 124.5, 122.8, 118.9, 116.5, 114.1, 112.6,
102.4, 21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C22H19N4O4S, 435.1127; found, 435.1119.

(Z)-N′-((5-Cyano-1H-indol-3-yl)methylene)-4-methyl-N-phenyl-
benzenesulfonohydrazide (5h). Yellow solid, 1H NMR
(500 MHz, CDCl3): δ 9.56 (brs, 1H), 7.87 (s, 1H), 7.83 (d, J = 8.0
Hz, 2H), 7.73 (s, 1H), 7.49–7.46 (m, 3H), 7.42 (d, J = 8.5 Hz,
1H), 7.34 (d, J = 8.0 Hz, 2H), 7.22–7.19 (m, 2H), 6.95 (t, J = 7.5
Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 2.47 (s, 3H) ppm. 13C NMR
(126 MHz, CDCl3): δ 144.9, 142.3, 137.4, 135.6, 130.5, 129.8,
129.5, 129.1, 126.3, 124.9, 122.8, 119.7, 114.0, 113.5, 105.0,
101.0, 21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C23H19N4O2S, 415.1228; found, 415.1223.

(E)-N′-Benzylidene-4-methyl-N-phenylbenzenesulfonohydrazide
(5i). Yellow viscous solid, 1H NMR (500 MHz, CDCl3): δ 7.50 (d,
J = 2.0 Hz, 1H), 7.48 (t, J = 2.0 Hz, 1H), 7.24 (s, 1H), 7.20 (d, J =
2.0 Hz, 1H), 7.19 (d, J = 2.0 Hz, 1H), 7.15 (d, J = 1.0 Hz, 1H),
7.14 (d, J = 2.0 Hz, 1H), 7.00–6.99 (m, 1H), 6.97 (s, 1H), 6.93 (t,
J = 7.5 Hz, 1H), 6.83 (s, 1H), 6.82 (s, 1H), 6.80 (s, 1H), 6.78 (s,
1H), 6.74 (q, J = 4.0 Hz, 4.5 Hz, 1H), 2.24 (s, 3H) ppm. 13C
NMR (126 MHz, CDCl3): δ 145.4, 144.8, 135.9, 134.0, 132.8,
132.4, 129.3, 129.1, 129.0, 128.6, 128.5, 128.3, 128.0, 127.9,
127.7, 126.7, 123.8, 122.7, 120.7, 112.8, 70.3, 21.6 ppm. HRMS
(ESI-TOF) m/z: [M + Na]+ calcd for C20H18N2NaO2S, 373.0986;
found, 373.0978.

(E)-N‘-(4-Hydroxybenzylidene)-4-methyl-N-phenylbenzenesul-
fonohydrazide (5j). Yellow viscous solid, 1H NMR (500 MHz,
CDCl3): δ 7.84 (s, 1H), 7.79 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.5
Hz, 2H), 7.26 (s, 1H), 7.22–7.18 (m, 3H), 6.94–6.91 (m, 3H),
6.88 (d, J = 9.0 Hz, 2H), 2.46 (s, 3H) ppm. 13C NMR (126 MHz,
CDCl3): δ 158.3, 144.5, 142.9, 142.5, 136.0, 131.7, 129.7, 129.4,
129.1, 122.4, 117.4, 117.0, 113.9, 21.8 ppm. HRMS (ESI-TOF)
m/z: [M + H]+ calcd for C20H19N2O3S, 367.1116; found,
367.1111.

(Z)-N′-((1H-Indol-3-yl)methylene)-4-methoxy-N-phenylbenze-
nesulfonohydrazide (5k). White solid, 1H NMR (500 MHz,
CDCl3): δ 9.22 (brs, 1H), 8.03 (s, 1H), 7.86 (d, J = 9.0 Hz, 2H),
7.66 (d, J = 3.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.22–7.16 (m,
4H), 7.08 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 9.0 Hz, 2H), 6.90 (s,

1H), 6.87 (d, J = 7.5 Hz, 2H), 3.84 (s, 3H) ppm. 13C NMR
(126 MHz, CDCl3): δ 163.6, 142.8, 139.1, 136.0, 131.0, 130.7,
129.3, 128.4, 124.6, 123.3, 122.1, 121.5, 119.7, 114.2, 113.8,
112.5, 100.3, 55.7 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd
for C22H20N3O3S, 406.1225; found, 406.1219.

(Z)-N′-((1H-Indol-3-yl)methylene)-4-chloro-N-phenylbenzene-
sulfonohydrazide (5l). Off-white solid, 1H NMR (500 MHz,
CDCl3): δ 9.15 (brs, 1H), 8.10 (s, 1H), 7.88 (d, J = 8.5 Hz, 2H),
7.70 (s, 1H), 7.49–7.45 (m, 3H), 7.27–7.20 (m, 3H), 7.17–7.10
(m, 2H), 6.94 (t, J = 7.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 2H) ppm.
13C NMR (126 MHz, CDCl3): δ 142.5, 140.0, 138.2, 138.0, 135.9,
130.2, 129.4, 129.2, 128.5, 124.5, 123.5, 122.4, 121.7, 119.6,
113.9, 112.6, 100.0 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd
for C21H17ClN3O2S, 410.0730; found, 410.0720.

(Z)-4-Chloro-N′-((5-methoxy-1H-indol-3-yl)methylene)-N-phe-
nylbenzenesulfonohydrazide (5m). Brown solid, 1H NMR
(500 MHz, CDCl3): δ 8.98 (brs, 1H), 8.07 (s, 1H), 7.88 (d, J = 9.0
Hz, 2H), 7.64 (d, J = 2.5 Hz, 1H), 7.46 (d, J = 8.5 Hz, 2H), 7.35
(d, J = 8.5 Hz, 1H), 7.23–7.20 (m, 2H), 6.93 (t, J = 7.0 Hz, 1H),
6.88 (d, J = 7.5 Hz, 3H), 6.51 (s, 1H), 3.65 (s, 3H) ppm. 13C
NMR (126 MHz, CDCl3): δ 155.5, 142.6, 140.0, 138.5, 138.0,
130.8, 130.4, 129.4, 129.2, 128.6, 125.1, 122.4, 114.0, 113.8,
113.3, 100.9, 99.8, 55.9 ppm. HRMS (ESI-TOF) m/z: [M + H]+

calcd for C22H19ClN3O3S, 440.0835; found, 440.0826.
(Z)-N′-((1H-Indol-3-yl)methylene)-N-phenyl-4-(trifluoromethyl)

benzenesulfonohydrazide (5n). Light brown solid, 1H NMR
(500 MHz, CDCl3): δ 9.33 (s, 1H), 8.16 (s, 1H), 8.08 (d, J = 8.5
Hz, 2H), 7.75 (d, 3JH–F = 8.5 Hz, 2H), 7.70 (d, J = 2.5 Hz, 1H),
7.47 (d, J = 8.5 Hz, 1H), 7.26–7.18 (m, 3H), 7.14–7.09 (m, 2H),
6.94 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 7.5 Hz, 2H) ppm. 13C NMR
(126 MHz, CDCl3): δ 143.2, 142.4, 137.9, 136.0, 129.4, 129.4,
126.0, 124.4, 123.6, 122.6, 121.8, 119.5, 113.9, 112.7, 99.7 ppm.
HRMS (ESI-TOF) m/z: [M + H]+ calcd for C22H17F3N3O2S,
444.0993; found, 444.0972.

(Z)-N′-((1H-Indol-3-yl)methylene)-4-nitro-N-phenylbenzene-
sulfonohydrazide (5o). Yellow solid, 1H NMR (500 MHz,
CDCl3): δ 9.07 (brs, 1H), 8.30–8.27 (m, 2H), 8.20 (s, 1H),
8.11–8.08 (m, 2H), 7.76 (d, J = 2.5 Hz, 1H), 7.50 (d, J = 8.0 Hz,
1H), 7.29–7.27 (m, 1H), 7.24–7.20 (m, 2H), 7.12–7.10 (m, 2H),
6.96 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H) ppm. 13C NMR
(126 MHz, CDCl3): δ 150.5, 145.8, 142.2, 137.3, 135.9, 129.9,
129.5, 128.7, 124.3, 124.1, 123.8, 122.9, 122.0, 119.5, 114.1,
112.7, 99.9 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C21H17N4O4S, 421.0970; found, 421.0959 ppm.

(Z)-N′-((1H-Indol-3-yl)methylene)-N-phenylmethanesulfono-
hydrazide (5p). White solid, 1H NMR (500 MHz, CDCl3): δ 9.10
(brs, 1H), 8.06 (s, 1H), 7.65 (d, J = 2.5 Hz, 1H), 7.42 (d, J = 8.0
Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.26–7.22 (m, 3H), 7.15 (t, J =
8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 2H), 6.93 (t, J = 7.5 Hz, 1H),
3.24 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3): δ 142.7, 138.9,
136.1, 129.5, 128.4, 124.5, 123.6, 122.3, 121.8, 119.8, 113.8,
112.6, 98.9, 40.0 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C16H16N3O2S, 314.0963; found, 314.0959 ppm.

(Z)-N‘-((1H-Indol-3-yl)methylene)-N-(4-chlorophenyl)-4-methyl-
benzenesulfonohydrazide (5r). Brown solid, 1H NMR (500 MHz,
CDCl3): δ 9.21 (brs, 1H), 8.01 (s, 1H), 7.81 (d, J = 8.5 Hz, 2H),
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7.67 (d, J = 2.5 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.28–7.26 (m,
2H), 7.22 (t, J = 7.0 Hz, 1H), 7.15–7.12 (m, 3H), 7.01 (t, J = 6.0
Hz, 1H), 6.78 (dt, J = 8.5, 3.0 Hz, 2H), 2.41 (s, 3H) ppm. 13C
NMR (126 MHz, CDCl3): δ 144.4, 141.4, 139.7, 136.2, 135.9,
129.6, 129.3, 128.9, 128.5, 126.9, 124.5, 123.5, 121.7, 119.6,
115.0, 112.6, 100.1, 21.8. ppm. HRMS (ESI-TOF) m/z: [M + H]+

calcd for C22H19ClN3O2S, 424.0886; found, 424.0860 ppm.
(Z)-N′-((1H-Indol-3-yl)methylene)-N-(2-bromophenyl)-4-methyl-

benzenesulfonohydrazide (5s). Brown solid, 1H NMR (500 MHz,
CDCl3): δ 9.02 (s, 1H), 8.51 (s, 1H), 7.83 (s, 1H), 7.82 (s, 1H),
7.80 (d, J = 2.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 1H), 7.33 (d, J = 1.5
Hz, 1H), 7.32–7.31 (m, 2H), 7.30 (s, 1H), 7.28 (s, 1H), 7.21 (s,
1H), 7.13 (t, J = 7.5 Hz, 1H), 6.78 (t, J = 7.5 Hz, 1H), 2.41 (s, 3H)
ppm. 13C NMR (126 MHz, CDCl3): δ 144.3, 143.7, 141.3, 140.0,
139.2, 136.2, 132.4, 129.8, 129.6, 128.9, 128.6, 128.4, 126.5,
123.5, 122.5, 121.5, 120.6, 115.3, 112.3, 108.2, 100.4, 21.7 ppm.
HRMS (ESI-TOF) m/z: [M + H]+ calcd for C22H19BrN3O2S,
468.0381; found, 468.0367 ppm.

(Z)-N′-((1H-Indol-3-yl)methylene)-4-methyl-N-tosylbenzene-
sulfonohydrazide (5t). Light yellow solid, 1H NMR (700 MHz,
CDCl3): δ 9.06 (brs, 1H), 8.62 (s, 1H), 7.99 (d, J = 7.7 Hz, 1H),
7.62 (d, J = 8.4 Hz, 4H), 7.47 (d, J = 9.1 Hz, 2H), 7.32 (t, J = 7.0
Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 7.13 (d, J = 8.4 Hz, 4H), 2.42 (s,
6H) ppm. 13C NMR (176 MHz, CDCl3): δ 168.9, 144.9, 137.0,
134.0, 133.7, 129.4, 129.1, 124.6, 124.3, 122.7, 122.4, 112.1,
21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C23H22N3O4S2, 468.1051; found, 468.1051 ppm.

(Z)-N′-(1-(1H-Indol-3-yl)ethylidene)-4-methyl-N-phenylbenze-
nesulfonohydrazide (5w). Brown solid, 1H NMR (500 MHz,
CDCl3): δ 9.08 (brs, 1H), 8.39–8.36 (m, 2H), 7.83 (d, J = 3.0 Hz,
2H), 7.42–7.37 (m, 3H), 7.32–7.25 (m, 6H), 7.12–7.10 (m, 1H),
2.53 (s, 6H). 13C NMR (126 MHz, CDCl3): 193.9, 136.6, 131.9,
125.5, 123.8, 122.8, 122.4, 118.6, 111.6, 29.8, 27.7 ppm. HRMS
(ESI-TOF) m/z: [M + H]+ calcd for C23H22N3O2S, 404.1432;
found, 404.1428 ppm.
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