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Abstract: A new series of sulfonamides, 8a-b, 10, 12, and 14a-b, were synthesized by N-sulfonation
reaction with sulfonyl chlorides 6a-b. Five new series of chalcone-sulfonamide hybrids (16-20)a-f
were prepared via Claisen–Schmidt condensation of the newly obtained sulfonamides with aromatic
aldehydes 15a-f in basic medium. Chalcones substituted with chlorine at position 4 of each series
were used as precursors for the generation of their five-membered heterocyclic pyrazoline (22-23)a-d,
(24-25)a-b and carbothioamide 27a-f derivatives. The synthesized compounds were evaluated for
their anticancer and antituberculosis activities. To determine their anticancer activity, compounds
were screened against sixty human cancer cell lines at a single dose (10 µM). Compounds 17a-c
were highly active against LOX IMVI (melanoma), with IC50 values of 0.34, 0.73 and 0.54 µM,
respectively. Chalcone 18e showed remarkable results against the entire panel of leukemia cell
lines with IC50 values between 0.99–2.52 µM. Moreover, compounds 20e and 20f displayed growth
inhibition of Mycobacterium tuberculosis H37Rv at concentrations below 10 µM. Although they showed
low selectivity in cytotoxicity tests against the Vero cell line, further optimization could advance the
potential biological activity of the selected compounds.

Keywords: anticancer; antituberculosis; chalcones; molecular hybrids; sulfonamides

1. Introduction

Finding effective treatments for diseases with high mortality rates such as cancer
and tuberculosis (TB) remains at the top of the biomedical research agenda worldwide.
The number of fatalities associated with cancer have decreased over the last decades as a
result of improvements in prevention, diagnosis and treatment [1]. However, the necessity
to combine cytotoxic drugs in conventional chemotherapy demonstrates the difficulty in
treating this complex and multifactorial disease [2]. TB is the second leading cause of
mortality due to infectious agents after COVID [3], despite the availability of affordable
and successful treatments [3]. The emergence of multidrug-resistant TB is one of the major
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threats to the control of the disease, and selecting a new combination of drugs to shorten
the treatment period remains as a challenge [4–6].

Molecular hybridization, involving the combination of two or more pharmacophoric
moieties into a single chemical entity, has become an attractive approach for overcoming
limitations in the administration of active chemical entities for treating complex diseases.
A successful hybrid compound should access multiple targets and lead to different mecha-
nisms of action [2]. There are multiple known drug-like fragments, and we have selected
the sulfonamide functionality in combination with a privileged small nitrogen heterocyclic
such as pyrazole, or with its α,β-unsaturated ketone precursors such as chalcones.

On one hand, sulfonamide moiety prevails as the most promising candidate for the
design of molecular hybrids [7]. The versatility of the chemical structure, being easily
modified; the compatibility with most functional groups; a strong electron withdrawal
nature; and the capacity to coordinate metal ions from metalloenzymes forming tetra-
hedral complexes stabilized by hydrogen bounds are remarkable features [8,9], without
mentioning the variety of biological properties that sulfonamides have exhibited including
anti-inflammatory [10], anticancer [11,12], antibacterial [13], antiviral [14], antidiabetic [15],
and antimalarial [16] activities, among others.

On the other hand, chalcones are compounds that have shown an extensive number of
applications in the field of medicinal chemistry due to their wide range of pharmacological
properties [17]. A wide variety of synthetic chalcones have been shown in applications
such as analgesics [18], antioxidants [19], anti-inflammatories [20], antibacterial [21], antitu-
mor [17], antiviral [22], antihypertensive [23], antidiabetic [24], and antituberculosis [25].
The biological activity of chalcones is attributed to their effect as cell blockers, influenced by
the interactions of the α,β-unsaturated carbonyl system with various biomolecules [20,26].
The combination of sulfonamide moiety with chalcones to generate new hybrid compounds
with potential therapeutic applications has been described [27,28] (Figure 1), and also used
as key precursors for potentially bioactive heterocyclic derivatives [29–32].

Figure 1. Sulfonamide moiety as promising candidate for molecular hybridization.

Regarding pyrazoles, their structural and electronic properties allow them to interact
with various biological entities involved in the development of several pathologies; more-
over, they are responsible for the great variety of biological properties bearing this type of
moiety [33]. In addition, it is known that compounds containing sulfur and nitrogen have
received significant attention in the field of medicinal chemistry due to the ability of these
atoms to generate donor ligands and coordinate complexes with metal cations of zinc, iron,
nickel, and copper, which play important roles in different biological processes [34].
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Synthetic pyrazoline derivatives have exhibited antitumor [35–37], antibacterial [38],
immunosuppressive [39], anti-inflammatory [40], anti-diabetic [41], antidepressant [42],
antimalarial [43], antiviral [44], and antihypertensive [45] activities. Particularly, the 4,5
-dihydro-1H-pyrazole-1-carbothioamides have also shown a wide variety of pharmaco-
logical properties such as anticancer [46–50], anticonvulsant [51,52], antituberculosis [53],
antimicrobial [54], and anti-inflammatory [55] agents (Figure 1).

In this paper we extend our ongoing research on chalcone derivatives by the synthesis
of new nitrogen-containing five-membered heterocyclic hybrids bearing a sulfonamide
moiety and performing the study of their anticancer and antituberculosis properties.

2. Results and Discussion
2.1. Chemistry

All hybrids were synthesized from the corresponding benzenesulfonyl chlorides
6a and 6b. In our previous work we described the procedure for the preparation of
6a [56]. Compound 6b was obtained by the chlorosulfonation reaction of acetophenone
5b (Scheme 1), using chlorosulfonic acid and thionyl chloride as chlorinating agents in
a 6:2 ratio regarding 5b. The structure of 6b was confirmed by spectroscopic techniques
including FTIR, 1H NMR, 13C NMR and mass spectrometry. The IR spectrum shows
absorption bands corresponding to =C-H, C=O, C=C and C-O-C bonds at 3110, 1657, 1590,
and 1292 cm−1, respectively. An absorption band of the S=O bond was clearly observable at
1167 cm−1. The aliphatic region of the 1H NMR spectrum shows three singlets at 2.56, 4.11,
and 4.05 ppm corresponding to COCH3, 4A-OCH3 and, 2A-OCH3 protons, respectively. In
the aromatic region only two signals at 8.40 and 6.56 ppm were observed; the downfield
signal corresponds to H6A due the inductive effect generated by the sulfonyl group on the
system. In the 13C NMR spectrum, ten signals were observed as expected for compound 6b.
The molecular ion peak in the mass spectrum revealed the characteristic isotopic profile for
one chlorine atom m/z 278/280 (M+/(M+2)+).
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Scheme 1. General procedure for the synthesis of sulfonamide precursors 8a-b, 10, 12, and 14a-b
from benzenesulfonyl chlorides 6a-b: (i) HSO3Cl, SOCl2, 0 ◦C, 0.5 h, (ii) r.t, 26 h, (iii) EtOH, r.t, (iv)
EtOH, TEA, r.t, (v) Water, Na2CO3, r.t.
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Sulfonamides 8a and 8b were synthetized through N-sulfonation reactions of 6a-b with
ammonia at room temperature, using ethanol to promote product precipitation (Scheme 1).
The IR spectra of both sulfonamides presents the two characteristic stretching vibration
bands for a primary N-H bond in the region between 3342–3201 cm−1. The 1H NMR spectra
confirms the structure of the compounds by the observation of broad singlets at 7.24 and
7.06 ppm corresponding to NH2 protons for 8a and 8b, respectively. The obtention of 8b
was also confirmed by single-crystal X-ray data (Figure 2a).

Int. J. Mol. Sci. 2022, 23, x FOR PEER REVIEW 4 of 39 
 

 

 

Figure 2. Molecular structure of compounds 8b (a), 14a (b), 14b (c), 17c (d), 17d (e) and 20f (f) de-

termined from single-crystal X-ray diffraction, showing the atom-labelling scheme. Single crystal 

diffraction experimental details can be found in Table S1 (see Supplementary Materials).  

Compounds 10 and 12 were prepared using amines 9 and 11 and triethylamine to 

neutralize the reaction in ethanol as a solvent (Scheme 1), conditions reported in our pre-

vious work [55]. Compounds 10 and 12 were obtained in 72% and 82% yields. The substi-

tution reaction for the synthesis of the secondary sulfonamide 10 was verified by obser-

vation in the 1H NMR spectrum of a singlet corresponding to the sulfonamidic proton at 

10.45 ppm and the expected signals for the protons in the pyridinic ring H2B, H6B, and H4B 

at 8.30 (J = 1.7 Hz), 8.21 (d, J = 4.5 Hz), and 7.51 ppm (d, J = 8.3 Hz), in addition to the 

overlapped signal of proton H5B with H3A at 7.24 ppm. The sulfonamidic protons in com-

pound 12 were absent and its structure was confirmed by the observed signals of protons 

N-CH2 and CH2 at 3.53 and 3.68 ppm. 

Figure 2. Molecular structure of compounds 8b (a), 14a (b), 14b (c), 17c (d), 17d (e) and 20f (f)
determined from single-crystal X-ray diffraction, showing the atom-labelling scheme. Single crystal
diffraction experimental details can be found in Table S1 (see Supplementary Materials).

Compounds 10 and 12 were prepared using amines 9 and 11 and triethylamine to
neutralize the reaction in ethanol as a solvent (Scheme 1), conditions reported in our
previous work [55]. Compounds 10 and 12 were obtained in 72% and 82% yields. The
substitution reaction for the synthesis of the secondary sulfonamide 10 was verified by
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observation in the 1H NMR spectrum of a singlet corresponding to the sulfonamidic proton
at 10.45 ppm and the expected signals for the protons in the pyridinic ring H2B, H6B, and
H4B at 8.30 (J = 1.7 Hz), 8.21 (d, J = 4.5 Hz), and 7.51 ppm (d, J = 8.3 Hz), in addition to
the overlapped signal of proton H5B with H3A at 7.24 ppm. The sulfonamidic protons
in compound 12 were absent and its structure was confirmed by the observed signals of
protons N-CH2 and CH2 at 3.53 and 3.68 ppm.

In order to obtain the sulfonamides derived from isoniazid, the reaction between 6a
and 13 was carried out under the same reaction conditions used for the synthesis of 10 and
12; however, a complex mixture of products was observed. A number of conditions were
tested, including the use of KOH, NaOH and base-free; in all cases, either a complex mixture
or traces of the desired product were obtained. To overcome this issue, an alternative route
was sought, including a trial using water as solvent, Na2CO3 1 N to keep a basic pH (8–10)
level during the reaction and final work-up with HCl 1 N to reach pH 2–3 once the reaction
was finished, but no product was isolated [57]. However, an adjustment of the final pH at
7–8 allowed compounds 14a and 14b in moderate yields (Scheme 1). The 1H NMR spectra
showed all the expected signals for C-NH, S-NH (9.69–11.13 ppm), and the pyridinic
protons of the target compounds. Both structures were elucidated by single-crystal X-ray
diffraction (Figure 2b,c).

Sulfonamides 8a-b, 10, 12, and 14a-b reacted with aromatic aldehydes (15a-f) by
Claisen–Schmidt condensation in the presence of ethanol and aqueous NaOH (Scheme 2).
This procedure resulted in good yields of the corresponding chalcone–sulfonamide hybrids
(16-20)a-f (41–88%). Compounds 16a-f and 17a-f were initially obtained in salt form as
evidenced in the 1H NMR spectrum of 16d (Figures 3a and 4 red). This behavior is observed
due to the acidic character of the sulfonamidic protons by the strong electron withdrawing
effect of the sulfonyl group and the resonance stabilization of the conjugate base formed in
the basic reaction medium. Further neutralization of each compound with HCl 1% (v/v)
allowed the isolation of 16d in its neutral form (Figures 3b and 4 black), and it was verified
by the observation of a broad signal at 10.45 ppm corresponding to the sulfonamidic protons.
Chalcones 18a-f were directly obtained in their neutral form due to the absence of labile
protons in their structures. The 1H NMR spectra for the five new series of chalcones showed
the expected signals for Hα and Hβ, confirming the condensation reaction. The coupling
constants in the range 15.4–15.8 Hz determined the E configuration for the C=C double
bond formed. In addition, the structures of compounds 17c-d and 20f were elucidated by
single-crystal X-ray diffraction (Figure 2d–f).

For the synthesis of the nitrogen-containing five-membered heterocyclic hybrids the
p-chloro-substituted chalcones of each series were selected. Compound 21b was initially
subjected to a cyclocondensation reaction with hydrazine monohydrate in ethanol under
reflux; however, no significant progress in the reaction was observed. Thus, the same
procedure was carried out, and after 40 min of reaction, the mixture was brought to room
temperature, 1 mL of acetic anhydride was slowly added, and the progress of the reaction
was checked. After 3 h a new product had formed, and the total consumption of the precur-
sor was observed. The acid dependence of the reaction suggests that the carbonyl group
must first be activated for the cyclization to proceed through a hydrazone-type intermedi-
ate [58]. In the 1H NMR spectrum, the absence of signals corresponding to α,β-unsaturation
and the presence of one stereogenic and two diastereotopic protons revealed the obten-
tion of the AMX spin system characteristic of pyrazoline derivatives. The spectrum of
compound 23a showed three doublet of doublets at 5.53, 3.85, and 3.09 ppm correspond-
ing to HX, HM, and HA, with coupling constants of 2JMA = 18.0 Hz, 3JXM = 11.6 Hz, and
3JXA = 4.3 Hz. Also, a singlet integrating for three protons at 2.28 ppm was assigned to the
acetyl group and confirmed the functionalization of the product. The methodology was
extended to the preparation of N-formylated (22a-d) and N-acetylated (23a-d) pyrazolines
in good to excellent yields (Scheme 2).
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Scheme 2. Cont.
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Scheme 2. General procedure for the synthesis of new chalcone–sulfonamide (16-20)a-f, pyrazoline
–sulfonamide (22-23)a-d and (24-25)a-b, and carbothioamide–sulfonamide 27a-f: (i) EtOH, NaOH
50% (w/v), r.t; (ii) NH2-NH2·H2O, EtOH, reflux; (iii) Ac2O or HCOOH, r.t; (iv) NH2-NH2·H2O, EtOH,
r.t; (v) EtOH, NaOH, 60 ◦C. * Reported in our previous work [56].
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Under the same reaction conditions, chalcones 19b and 20b decomposed according to
the 1H NMR spectrum of the major product. In a second approach, the reaction was carried
out at room temperature, and after 3 h the precursor was completely consumed, giving rise
to pyrazolines 24a-b and 25a-b (Scheme 2).

Sulfonamide–carbothioamide hybrids 27a-f were synthesized by condensation be-
tween chalcones (16-21)b and thiosemicarbazide in basic medium (Scheme 2). The reaction
did not proceed at room temperature, but an increase to 60 ◦C was enough to observe the
consumption of the precursor. The medium was neutralized with HCl 1% (v/v), the solid
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form was filtered, and the filtrate was purified by column chromatography on silica gel.
This methodology afforded the expected compounds in moderate yields (33–60%). The
structure of the new hybrids was consistent with the spectral data. Both 1H and 13C NMR
revealed formation of the AMX system. Interestingly, the new carbothioamide protons
denoted as C-NH2 were diastereotopic.

2.2. Anticancer Activity

The new molecular hybrids bearing a sulfonamide moiety were submitted to the
Developmental Therapeutics Program (DTP) at the National Cancer Institute (NCI) for a
preliminary analysis of their structures based on the COMPARE algorithm. All synthesized
compounds were selected for single-dose trial at a concentration of 10 µM against 60 human
cancer cell lines corresponding to nine human cancer panels: leukemia, non-small-cell
lung, melanoma, colon, central nervous system (CNS), ovary, renal, breast, and prostate
cancer. The anticancer activity of the compounds was measured as a reduction in growth
percentage for each of the cancer cell lines. Compounds 17a-c and 18e consistently reduced
the growth of most cancer cells at 10 µM concentration (Figure 5).
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Figure 5. Anticancer activity of the synthesized hybrids at 10 µM. (a) Heatmap showing the growth
of the cancer cells in presence of the compounds. Reduced growth of the cells is represented in cyan
and dark blue represents the high growth of the cells. Blank cells indicate lack of data. (b) Mean
growth inhibition (GI) percentage for each compound. A GI % value over 100% indicates there is no
net growth of tumor cells over the course of the experiment; instead, compound causes the death of
the respective cancer cell.

Initial studies carried out at a single dose revealed that in general, sulfonamides (8b,
10, 12, 14a, and 14b), pyrazolines (22a-d, 23a-d, 24a-b and 25a-b), and carbothioamides
(27a-f) displayed low antiproliferative activity against the cancer cell lines evaluated,
regardless of their substituent in the sulfonamide group and the N-1 of the five-membered
rings. However, the chalcone–sulfonamide hybrids showed an increase in antitumoral
activity, indicating the α,β-unsaturated carbonyl system could be responsible for imparting
antiproliferative properties to the evaluated compounds.

A comparative analysis of the results obtained for the new series of chalcones and
compounds 21a-f (reported in our previous work) suggest that the antitumoral properties of
these hybrids are influenced by the chlorine substituent in para position of the D ring. It is
well known that the inclusion of halogenated atoms can modify the interaction strength and
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hydrophobicity of the molecules, increasing the specificity and selectivity in the processes of
recognition, and binding with biomolecules such as proteins and DNA [59]. We found that
the antitumoral activity is highly affected by steric factors in the sulfonamide substituent,
being the chalcones containing the -NH2 group the most active and the isoniazid derivatives
the least active [60].

Chalcones 17a-c (4-H, 4-Cl, and 4-CH3, respectively) exhibited significant activity
against most cancer cell lines evaluated. Compound 17a displayed inhibitory activity
against leukemia (GI = 70.81–94.75%), colon cancer (GI = 72.48–96.15%), renal cancer
(GI = 66.21–100.00%), and breast cancer (GI = 73.49–100.00%) panels. This compound
showed remarkable results against RXF 393 (renal cancer) and MDA-MB-468 (breast can-
cer) cell lines, being able to inhibit net growth and cause a cytotoxic effect with lethal-
ity values of 29.73% and 43.37%, respectively. Chalcone 17b was the most active com-
pound of the series and similar results were observed, leukemia (GI = 92.85–100.00%),
colon cancer (GI = 92.23–100.00%), renal cancer (GI = 78.47–100.00%), and breast cancer
(GI = 73.94–100.00%) panels were the most sensitive to this compound. Hybrid 17b also
displayed important cytotoxic effects against SR (leukemia) with a lethality of 19.50%;
NCI-H226 (non-small cell lung cancer) with 25.96%; COLO 205, HCT-15, SW-620 (colon
cancer) with values of 30.00%, 41.55%, and 39.92%, respectively; LOX IMVI (melanoma)
with 50.40%; and RXF 393 (renal cancer) and MDA-MB-468 (breast cancer) with a 40.37%
and 57.82% of lethality, respectively. Chalcone 17c exhibited similar behavior to its
analogs; the most sensitive panels were leukemia (GI = 78.87–94.34%), colon cancer
(GI = 83.01–100.00%), and breast cancer (GI = 78.66–100.00%); and the cancer cell lines
NCI-H460 (non-small cell lung cancer), RXF 393 (renal cancer), and MDA-MB-468 (breast
cancer) with lethality values of 3.51%, 28.21%, and 36.18%, correspondingly.

Among the synthesized hybrids, compound 18e was the most active against the
totality of cancer cell lines as evidenced by a value of 125.48% in the mean GI%, denoting
excellent inhibitory activity and significant cytotoxic effect in most assays. The GI% found
for the evaluated cell lines rates between 76.62% and 100.00% except for HS 578T (21.70%).
In several cases, compound 18e displayed remarkable lethality and the best results were
found for COLO 205, HCC-2998, and HCT-116 cell lines in the colon cancer panel with
values of 89.76%, 91.08%, and 87.74%, respectively, but also for LOX IMVI and SK-MEL-2
from the melanoma panel with 84.53% and 94.49%, and for UO-31 (renal cancer) with a
93.86% of lethality.

According to the obtained data for single-dose trial, chalcone–sulfonamide hybrids
17a-c and 18e fulfilled the pre-determined threshold inhibition criteria of NCI and were se-
lected for five-dose screening against 60 cancer cell lines at five different concentrations (100,
10, 1.0, 0.1, and 0.01 µM) to determine IC50 (half inhibitory concentration) and LC50 (half
lethal concentration) values. Table 1 summarizes the recorded results for the mentioned
compounds.

Table 1. In vitro cytotoxic activity recorded for hybrids 17a-c and 18e against the panel of 60 cancer
cell lines in five-dose screen, expressed as IC50 and LC50 in micromolar (µM) a.

Compound
17a 17b 17c 18ePanel/Cell

Line IC50
b LC50

c IC50 LC50 IC50 LC50 IC50 LC50
Leukemia

CCRF-
CEM 3.93 >100 1.52 >100 3.99 >100 1.69 >100

HL-60(TB) 2.27 >100 1.91 >100 2.52 >100 1.60 >100
K-562 1.50 >100 1.85 >100 2.43 >100 1.30 >100

MOLT-4 10.1 >100 2.83 >100 3.07 >100 2.04 >100
RPMI-8226 2.98 >100 1.86 >100 3.20 >100 2.52 >100

SR 1.73 >100 2.11 >100 2.26 >100 0.99 >100
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Table 1. Cont.

Compound
17a 17b 17c 18ePanel/Cell

Line IC50
b LC50

c IC50 LC50 IC50 LC50 IC50 LC50
Non-Small Cell Lung Cancer

A549/ATCC 10.5 49.0 3.17 >100 2.75 34.8 3.11 >100
EKVX 14.2 53.6 3.88 >100 4.33 43.3 2.69 >100

HOP-62 9.51 51.9 2.5 25.9 2.90 29.5 3.77 >100
HOP-92 2.06 37.1 1.46 24.9 2.30 35.4 >100 >100

NCI-H226 10.0 69.2 2.56 >100 4.14 90.8 2.61 >100
NCI-

H322M 10.7 47.6 2.31 38.7 2.87 34.7 3.00 >100

NCI-H460 1.95 51.2 2.84 >100 2.24 44.3 1.95 >100
NCI-H522 6.56 49.7 1.63 7.14 2.48 32.5 1.66 8.59

Colon Cancer
COLO 205 10.6 54.2 1.66 5.88 3.33 41.7 4.46 8.39
HCC-2998 12.5 54.7 2.41 22.3 2.39 22.3 3.54 6.35
HCT-116 1.49 67.2 0.75 5.13 30.6 58.0 2.82 6.47
HCT-15 3.55 57.5 1.46 >100 2.56 74.8 3.98 >100
HT29 4.02 42.5 2.18 9.97 3.50 64.7 5.92 >100
KM12 3.31 62.3 1.82 >100 3.13 >100 4.25 9.40

SW-620 2.68 48.5 2.49 95.9 3.43 75.8 25.1 >100
CNS Cancer

SF-268 5.88 62.7 3.75 >100 3.20 >100 7.70 >100
SF-295 15.7 58.2 3.88 57.6 3.89 43.2 35.4 >100
SF-539 2.44 30.1 2.14 12.6 2.17 14.4 3.61 7.51
SNB-19 14.0 58.0 3.17 >100 3.65 45.3 5.71 45.7
SNB-75 2.08 26.9 1.50 6.95 1.84 18.2 8.53 >100

U251 2.92 39.2 2.18 >100 2.66 32.7 3.68 7.61
Melanoma

LOX IMVI 0.34 41.4 0.73 7.03 0.54 76.2 2.89 5.79
MALME-

3M 13.9 61.9 2.79 87.4 8.55 59.5 7.18 >100

M14 7.51 60.5 1.47 6.70 3.25 56.0 5.45 >100
MDA-MB-

435 2.12 35.9 2.08 29.3 2.27 25.4 7.51 >100

SK-MEL-2 12.6 55.9 11.5 57.2 11.5 55.7 4.65 27.6
SK-MEL-

28 12.5 51.0 3.03 33.4 4.09 40.8 3.54 6.88

SK-MEL-5 17.6 59.7 4.93 43.0 7.81 49.4 3.64 7.19
UACC-257 9.96 47.8 5.46 71.6 3.86 41.9 3.89 9.14
UACC-62 12.2 59.4 2.67 40.8 3.63 46.2 4.94 >100

Ovarian Cancer
IGROV1 9.74 77.0 2.95 >100 3.56 72.4 9.05 >100

OVCAR-3 2.71 38.3 3.51 66.8 3.05 >100 6.62 >100
OVCAR-4 11.8 55.9 3.54 >100 3.66 53.2 >100 >100
OVCAR-5 13.2 53.7 3.18 39.0 2.57 27.2 6.80 >100
OVCAR-8 11.3 51.3 3.01 >100 2.17 15.8 >100 >100
NCI/ADR-

RES 15.5 >100 3.97 >100 5.25 >100 >100 >100

SK-OV-3 14.4 52.9 2.80 35.4 3.18 32.5 13.0 >100
Renal Cancer

786-0 4.82 63.2 1.90 9.83 3.85 >100 5.66 >100
A498 16.9 55.8 18.6 62.2 16.2 58.1 7.23 65.5

ACHN 6.99 44.8 3.16 33.4 3.86 37.3 6.16 >100
CAKI-1 1.86 39.5 1.89 32.9 2.42 35.2 >100 >100
RXF 393 1.90 30.0 1.62 6.89 2.24 28.8 2.83 6.44
SN12C 3.49 43.8 2.48 60.2 2.95 38.8 13.0 >100
TK-10 12.9 51.5 2.91 33.4 3.41 39.6 75.0 >100
UO-31 4.76 43.5 2.36 33.1 3.46 38.1 2.92 5.51
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Table 1. Cont.

Compound
17a 17b 17c 18ePanel/Cell

Line IC50
b LC50

c IC50 LC50 IC50 LC50 IC50 LC50
Prostate Cancer

PC-3 5.95 50.4 1.60 20.8 3.42 55.1 >100 >100
DU-145 1.88 38.1 3.44 42.2 4.23 65.1 14.8 >100

Breast Cancer
MCF7 0.97 62.5 4.11 40.3 2.48 54.1 4.36 35.5

MDA-MB-
231/ATCC 11.9 61.6 18.9 >100 3.41 60.0 >100 >100

HS 578T 5.89 >100 >100 >100 3.50 >100 >100 >100
BT-549 2.65 40.6 2.73 5.97 2.18 31.6 2.92 6.24
T-47D 2.09 51.6 12.4 64.6 2.32 44.8 >100 >100

MDA-MB-
468 1.20 43.9 3.08 6.54 1.96 54.3 3.66 8.84

a Data obtained from NCI’s in vitro disease-oriented human cancer cell lines screen in µM. b IC50 indicates
compound concentration resulting in 50% reduction in net protein content (as measured by SRB staining) in
control cells during drug incubation, determined at five concentration levels (100, 10, 1.0, 0.1, and 0.01 µM). c LC50
is a parameter of cytotoxicity that reflects the concentration required to kill 50% of the cells.

Results obtained from the five-dose screen revealed that compounds 17a, 17b and 17c
are potent antiproliferative agents, displaying IC50 values against most cell lines between
0.34−17.6 µM, 0.73−18.6 µM, and 0.54−11.5 µM, respectively. Despite the wide IC50 range
showed by chalcone 18e (0.99 - > 100 µM), the compound demonstrated potent activity
against several cell lines.

Hybrid 17a showed the best results against K-562 (leukemia) with IC50 = 1.50 µM, HCT
-116 (colon cancer) with IC50 = 1.49 µM, LOX IMVI (melanoma) with IC50 = 0.34 µM, and
MCF7 and MDA-MB-468 (breast cancer) with IC50 values of 0.97 and 1.20 µM, respectively.
Compound 17b was highly active against CCRF-CEM (leukemia) with IC50 = 1.52 µM, HOP
-92 (non-small cell lung cancer) with IC50 = 1.46 µM, HCT-116 and HCT-15 (colon cancer)
with IC50 values of 0.75 µM and 1.46 µM, and LOX IMVI (melanoma) with IC50 = 0.73 µM.
This chalcone showed lower IC50 values in comparison with its analogs, exhibiting the
best-marked cytotoxic effects against several cancer cell lines including BT-549 (breast
cancer) with 5.97 µM, and COLO 205 and HCT-116 (colon cancer) with LC50 values of
5.88 µM and 5.13 µM, respectively. The highest IC50 values were obtained for chalcone 17c
against SNB-75 (CNS Cancer) at 1.84 µM, and LOX IMVI (melanoma) and MDA-MB-468
(breast cancer) with values of 0.54 µM and 1.96 µM. The entire leukemia panel was highly
sensitive to compound 18e, displaying IC50 values between 0.99–2.52 µM, the SR cancer
cell line being most susceptible. Significant IC50 values were found for NCI-H460 and NCI
-H522 (non-small cell lung cancer) with 1.95 µM and 1.66 µM, correspondingly. In addition,
chalcone 18e showed important cytotoxic activity against several cell lines including LOX
IMVI (melanoma) and UO-31 (renal cancer) with respective LC50 values of 5.79 µM and
5.51 µM.

The results shown above suggest that compounds with structures analogous to 17b
constitute important templates for the future development of potential antitumor agents.

2.3. Antituberculosis Activity, Cytotoxicity and Synergism

All new sulfonamide hybrids were subjected to in vitro growth inhibition screen-
ing against Mycobacterium bovis BCG (ATCC 35734) and Mycobacterium tuberculosis H37Rv
(ATCC 27294) strains (ATCC-USA, Virginia, USA). Antituberculosis activity was carried
out using the agar dilution spot culture growth inhibition assay [61]. Initially, the com-
pounds were evaluated at a concentration of 10 mg/L, and those showing inhibition were
further evaluated at lower concentrations (5, 1, 0.5, 0.1 and 0.01 mg/L). Isoniazid was
used as positive control. The results for each compound were expressed as minimum
inhibitory concentration values (MICs), as shown in Table 2. The synthesized sulfonamides,
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pyrazolines and carbothioamides were inactive and only chalcones showed inhibitory
effects with MIC values between 9.0–29 µM, showing the importance of an α,β-unsaturated
carbonyl system as a pharmacophore unit. Isoniazid derivatives exhibited the most potent
antitubercular activity. The substituents 4-H, 4-OCH3, 3,4,5-(OCH3)3, and 3,4-OCH2O-
enhanced the inhibitory activity. The most active chalcones were 20a, 20e, and 20f obtained
from chloride 6b (R1 = OCH3), displaying MIC values of 11 µM, 9.0 µM, and 9.8 µM against
Mycobacterium tuberculosis H37Rv and 20a and 20e against Mycobacterium bovis BCG with
MIC values of 11 µM and 9.0 µM, respectively.

Table 2. Anti-TB and cytotoxic activity for compounds 17a, 17f, 19a, 19d, 20a, 20d-f.

Compound MIC Against
M. bovis BCG (µM)

MIC Against M.
tuberculosis H37Rv (µM)

Cytotoxicity IC50 on
Vero Cell Line (µM)

Selectivity Index (SI)
(SI = IC50/MIC)

17a >29 29 1.06 ± 1.21 0.04
17f >25 25 1.70 ± 1.74 0.07
19a >23 23 6.32 ± 0.82 0.28
19d >21 21 2.19 ± 0.68 0.10
20a 11 11 6.05 ± 1.39 0.28
20d >20 20 1.00 ± 1.20 0.05
20e 9.0 9.0 0.26 ± 0.69 0.03
20f 20 9.8 2.55 ± 0.93 0.26

Isoniazid 0.36 0.36 nd

The growth of M. tuberculosis H37Rv in liquid medium in presence of the compounds
20e and 20f at 1×MIC and 10×MIC concentrations was followed by optical density mea-
surements (Figure 6). Both compounds showed similar potency in liquid medium with
moderate growth observed after 21 days of incubation at 1×MIC, while at 10×MIC a
modest growth was observed for 20e, while for 20f no significant growth was observed in
comparison with day 0. The cultivation of solid media without compounds was undertaken
for each sample for evaluating cidal or static effects of the compounds. Both 20e and 20f
were found to be bacteriostatic even at 10×MIC concentrations, because growth resumed
in all experiments.
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Additionally, cytotoxicity studies were conducted on the Vero cell line for the men-
tioned hybrids as shown in Table 2. The results revealed low IC50 values (<10 µM) and
therefore high cytotoxicity levels against Vero cells. Selectivity index (SI) was calculated for
the screened compounds and none of the chalcones showed selectivity against Mycobac-
terium tuberculosis H37Rv strains compared to the Vero cell (SI < 1).

Additionally, the compounds with most potent activity were tested against a panel
of M. tuberculosis strains from six different lineages that were resistant to isoniazid and
rifampicin (Table 3), including an orphan strain with no match in spolDB4 [62]: A Beijing
strain known to be an emerging pathogen in several areas [63,64]; a LAM 9 strain, which
is the predominant genotypic family from Latin American and Mediterranean (LAM)
lineage [65]; a Haarlem strain, which is ubiquitous worldwide [66]; the ATCC 35838 RR, RR
(rifampicin-resistant strain); ATCC 35822 RI (isoniazid- resistant strain); and ATCC 27294
(Table 3).

Table 3. Antituberculosis activity of resistant strains of Mycobacterium tuberculosis, expressed in mini-
mum Inhibitory Concentration (MIC) in micromolar (µM) units.

Compound a b c d e f
17a 29 >29 >29 29 >29 29
17f >2 >2 >2 >2 >25 >25
19a >23 >23 23 23 >23 <11
19d 21 >21 21 21 >21 21
20a >21 >21 21 <11 >21 <11 *
20d >20 >20 >20 >20 >20 20
20e >18 >18 <9.0 * <9.0 * >18 <9.0 *
20f >20 >20 <10 20 >20 <10 *

Levofloxacin 2.8 2.8 2.8 2.8 2.8 2.8

* Represents compounds with activity below (10 mg/L). a. M. tuberculosis Orphan strain. b. M. tuberculosis
Haarlem. c. M. tuberculosis LAM9 SIT 42. d. M. tuberculosis Beijing. e. M. tuberculosis ATCC 35822. f. M.
tuberculosis ATCC 35838.

All the evaluated compounds were inactive against M. tuberculosis Haarlem and M.
tuberculosis ATCC 35838 RR (MIC >10 mg/L). On the other hand, compounds 20e and 20f
were highly active against M. tuberculosis LAM 9 (SIT 42), showing MIC values of 8.97 µM
and 9.77 µM, respectively. Against the M. tuberculosis Beijing strain, the compounds with
lower MIC values were 20a and 20e. The compounds 19a, 20a, 20e, and 20f displayed MIC
values <12 µM against the M. tuberculosis ATCC 35838 RR strain.

Moreover, the possibility of synergism between compounds 20a and 20f in combina-
tion with antibiotics rifampicin, isoniazid, levofloxacin, and amikacin was evaluated and
the results are shown in Table 4. Compound 20f in combination with rifampicin displayed
a fractional inhibitory concentration index (FICI) of 0.37 (≤0.5), suggesting synergism. The
other combinations of compounds and TB drugs did not show interaction.
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Table 4. MIC values of the compounds before and after combinations with antibiotics and the FICI
index in M. tuberculosis H37Rv.

MIC mg/L
Combination Alone Combination FICI Index

RIF 0.19 0.048
1.2520a 5 5

INH 0.012 0.006
0.7520a 5 1.25

LVX 0.5 0.5
1.2520a 5 1.25

AMK 1.5 1.5
2.0020a 5 5

RIF 0.39 0.048
0.37 *20f 5 1.25

INH 0.012 0.006
1.0020f 5 2.5

LVX 0.5 0.25
1.0020f 5 2.5

AMK 1.5 1.5
2.0020f 5 5

* Values of FICI ≤ 0.5 indicate synergistic activity and FICI > 0.5–4.0 indicate no interaction between the combined
compounds.

3. Materials and Methods
3.1. General

All chemicals and solvents were purchased from Sigma-Aldrich and Merck unless
stated otherwise. Melting points were measured using a Stuart SMP10 melting point device
(Bibby Scientific Ltd., Staffordshire, UK) and are uncorrected. ATR-FTIR spectra were
recorded on a Shimadzu IRAffinity–1 (Shimadzu Corp., Columbia, USA). The 1H and
13C NMR spectra were run on a BRUKER DPX 400 spectrometer (Bruker, Billerica, USA)
operating at 400 and 100 MHz, respectively, using DMSO–d6 and CDCl3 as solvents and
TMS as internal standard. Elemental analyses were performed on a Thermo Finnigan
Flash EA1112 CHN elemental analyzer (Thermo Fischer Scientific Inc., Madison, USA) and
the values are within ±0.4% of the theoretical values. The mass spectra were recorded
on a SHIMADZU–GCMS–QP 2010 spectrometer (Shimadzu Corp., Kyoto, Japan) with
an electronic impact source operating at 70 eV. Thin layer chromatography (TLC) was
performed on 0.2 mm pre-coated aluminum plates of silica gel 60 F254 (Merck, Dramstand,
Germany) and spots visualized with ultraviolet irradiation. The single-crystal X-ray data
were collected in a Diffractometer Bruker D8 Venture (Bruker Daltonics GmbH & Co.
KG, Bremen, Germany) at “Centro de Instrumentación Científico y Técnico”, (CICT) in
“Universidad de Jaén” (UJA).

3.2. Chemistry
3.2.1. General Procedure for the Synthesis of Acetophenone 5b

Three hundred and forty-two milligrams of crushed KOH (6.10 mmol) and 9 mL of
DMSO were stirred for 30 min at room temperature. To this mixture, a solution of 422 mg
of 2’,4’-dihydroxyacetophenone (2.77 mmol) in 6 mL of DMSO was added and stirred for
15 min, then cooled in an ice-water bath. A quantity of 0.40 mL of methyl iodide (6.42 mmol)
was slowly added and left under constant stirring at room temperature for 24 h.

The reaction mixture was poured into ice-water and extracted with chloroform; the
organic phase was evaporated under reduced pressure and the product purification was
carried out by CC, using silica gel as stationary phase and a mixture of CHCl3: petroleum
ether (20:1) as mobile phase.
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1-(2,4-Dimethoxyphenyl)ethan-1-one (5b)

Beige solid; 79% yield; m.p. 37–38 ◦C. FTIR (ATR) υ(cm−1): 3011 (C-H Ar), 1650 (C=O),
1599 (C=C), 1255 (C-O-C (a)), 1018 (C-O-C (s)). 1H NMR (400 MHz, CDCl3) δ ppm 7.82 (d,
J = 8.8 Hz, 1H, H6A), 6.51 (dd, J = 8.8, 2.3 Hz, 1H, H1A), 6.45 (d, J = 2.3 Hz, 1H, H3A), 3.88
(s, 3H, 4A-OCH3), 3.84 (s, 3H, 2A-OCH3), 2.56 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3)
δ ppm 197.9 (C), 164.7 (C), 161.2 (C), 132.8 (CH), 121.3 (C), 105.2 (CH), 98.4 (CH), 55.64
(CH3), 55.56 (CH3), 31.9 (CH3). MS (EI, m/z (%)): 180 (M+, 57), 165 (100), 122 (44), 107 (35),
77 (45), 43 (38). Anal. calcd. for C10H12O3: C, 66.65; H, 6.71. Found: C, 66.50; H, 6.89.

3.2.2. General Procedure for the Synthesis of Benzenesulfonyl Chloride 6b

A mixture of chlorosulfonic acid (60 mmol) and thionyl chloride (20 mmol) was stirred
in an ice bath for 30 min. Subsequently, corresponding acetophenone 1a-b (10 mmol) was
added portion-wise and the reaction mixture was stirred at room temperature for 26 h.
Next, it was quenched in ice-water and the precipitate obtained was filtered and washed
with water. Compound 6b was purified by CC using silica gel as stationary phase and
a mixture of CHCl3: EtOAc (10:1) as mobile phase. Product 6a did not require further
purification. NMR spectra of all synthesized compounds from here in, can be found in File
S1 (see Supplementary Materials).

5-Acetyl-2,4-dimethoxybenzenesulfonyl Chloride (6b)

White solid; 89% yield; m.p. 152–155 ◦C. FTIR (ATR) υ(cm−1): 3110 (C-H Ar), 1657
(C=O), 1590 (C=C), 1292 (C-O-C), 1167 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.40 (s,
1H, H6A), 6.56 (s, 1H, H3A), 4.11 (s, 3H, 4A-OCH3), 4.05 (s, 3H, 2A-OCH3), 2.56 (s, 3H,
CH3). 13C NMR (101 MHz, CDCl3) δ ppm 195.5 (C), 165.9 (C), 161.8 (C), 133.9 (CH), 124.7
(C), 120.4 (C), 96.2 (CH), 57.2 (CH3), 56.6 (CH3), 31.8 (CH3). MS (EI, m/z (%)): 278/280
(M+/M+2+, 31/12), 263 (100), 149 (35), 135 (49), 43 (54). Anal. calcd. for C10H11ClO5S: C,
43.09; H, 3.98; S, 11.50. Found: C, 43.12; H, 3.88; S, 11.54.

3.2.3. General Procedure for the Synthesis of Sulfonamides 8a-b

A mixture of the appropriate chloride 6a-b (0.31 mmol) and ammonia 3 (1 mL) in
ethanol 96% (1 mL) was stirred at room temperature and the progress was monitored by
TLC. After completion, the solid formed was filtered and washed with ethanol and water.
Compounds 8a-b did not require further purification.

5-Acetyl-2-methoxybenzenesulfonamide (8a)

Pale pink crystals; 82% yield; m.p. 195–198 ◦C. FTIR (ATR) ν(cm−1): 3329 and 3208
(N-H), 3098 (C-H Ar), 1657 (C=O), 1159 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.29
(d, J = 2.3 Hz, 1H, H6A), 8.19 (dd, J = 8.7, 2.3 Hz, 1H, H4A), 7.32 (d, J = 8.7 Hz, 1H, H3A), 7.24
(s, 2H, NH2), 4.00 (s, 3H, OCH3), 2.56 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm
195.7 (C), 159.6 (C), 134.4 (CH), 131.4 (C), 128.8 (C), 127.7 (CH), 112.6 (CH), 56.7 (CH3), 26.4
(CH3). MS (EI, m/z (%)): 229 (M+, 22), 214 (100), 119 (25), 76 (57), 43 (87). Anal. calcd. for
C9H11NO4S: C, 47.15; H, 4.84; N, 6.11; S, 13.98. Found: C, 47.09; H, 4.93; N, 6.15; S, 14.01.

5-Acetyl-2,4-dimethoxybenzenesulfonamide (8b)

Colorless crystals; 90% yield; m.p. 226–228 ◦C. FTIR (ATR) υ(cm−1): 3342 and 3201
(N-H), 3121 (C-H Ar), 1650 (C=O), 1155 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.09
(s, 1H, H6A), 7.06 (s, 2H, NH2), 6.83 (s, 1H, H3A), 4.02 (s, 6H, 2A-OCH3 and 4A-OCH3), 2.50
(s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 195.6 (C), 163.5 (C), 160.8 (C), 130.4
(CH), 123.9 (C), 118.5 (C), 97.1 (CH), 56.7 (CH3), 56.6 (CH3), 31.6 (CH3). MS (EI, m/z (%)):
259 (M+, 95), 244 (100), 134 (91), 76 (79), 43 (100). Anal. calcd. for C10H13NO5S: C, 46.32;
H, 5.05; N, 5.40; S, 12.37. Found: C, 46.43; H, 5.05; N, 5.42; S, 12.30. Crystals suitable for
single-crystal X-ray diffraction were obtained from ethanolic solution, and the crystal data
for 8b were deposited at CCDC with reference CCDC2191609.
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3.2.4. General Procedure for the Synthesis of Sulfonamide 10

To a mixture of chloride 6a (0.33 mmol) and amine 9 (0.36 mmol) in ethanol 96%
(1.5 mL), TEA (0.15 mL) was added and left under stirring at room temperature. Once
the reaction was complete, the medium was neutralized with TEA and the solid obtained
was filtered and washed with ethanol to afford compound 10. No further purification was
required.

5-Acetyl-2-methoxy-N-(pyridin-3-yl)benzenesulfonamide (10)

Pink solid; 72% yield; m.p. 217–218 ◦C. FTIR (ATR) υ(cm−1): 3073 (C-H Ar), 1682
(C=O), 1595 (C=C), 1267 (C-N), 1152 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 10.45
(s, 1H, NH), 8.30 (d, J = 1.7 Hz, 1H, H2B), 8.27 (d, J = 2.0 Hz, 1H, H6A), 8.21 (d, J = 4.5 Hz,
1H, H6B), 8.18 (dd, J = 8.8, 2.0 Hz, 1H, H4A), 7.51 (d, J = 8.3 Hz, 1H, H4B), 7.30–7.24 (m, 2H,
H3A and H5B), 3.94 (s, 3H, OCH3), 2.52 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ
ppm 195.9 (C), 159.8 (C), 145.3 (CH), 141.5 (CH), 136.2 (CH), 134.5 (C), 130.2 (CH), 129.2 (C),
127.4 (CH), 126.4 (C), 124.3 (CH), 113.2 (CH), 57.0 (CH3), 26.6 (CH3). MS (EI, m/z (%)): 306
(M+, 40), 213 (46), 119 (97), 91 (63), 43 (100), 39 (51). Anal. calcd. for C14H14N2O4S: C, 54.89;
H, 4.61; N, 9.14; S, 10.47. Found: C, 54.90; H, 4.68; N, 9.13; S, 10.42.

3.2.5. General Procedure for the Synthesis of Sulfonamide 12

To a mixture of chloride 6b (0.33 mmol) and amine 11 (0.36 mmol) in ethanol (1.5 mL),
TEA (0.15 mL) was added and left under stirring at room temperature. Once the reaction
was complete, the medium was neutralized with TEA and the solid obtained was filtered
and washed with ethanol. Compound 12 did not require further purification.

5-Acetyl-N,N-bis(2-chloroethyl)-2,4-dimethoxybenzenesulfonamide (12)

White solid; 82% yield; m.p. 190–192 ◦C. FTIR (ATR) υ(cm−1): 3111 (C-H Ar), 2982
(C-H), 1661 (C=O), 1591 (C=C), 1143 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.12 (s,
1H, H6A), 6.87 (s, 1H, H3A), 4.06–4.01 (m, 6H, 2A-OCH3 and 4A-OCH3), 3.68 (t, J = 6.8 Hz,
4H, Cl-CH2), 3.53 (t, J = 6.8 Hz, 4H, N-CH2), 2.51 (s, 3H, CH3). 13C NMR (101 MHz,
DMSO-d6) δ ppm 195.4 (C), 164.4 (C), 161.1 (C), 133.3 (CH), 119.1 (C), 119.0 (C), 97.6 (CH),
57.0 (CH3), 56.8 (CH3), 49.6 (CH2), 42.1 (CH2), 31.7 (CH3). MS (EI, m/z (%)): 384 (M+, 1),
334 (83), 243 (100), 195 (50), 149 (76). Anal. calcd. for C14H19Cl2NO5S: C, 43.76; H, 4.98; N,
3.65; S, 8.34. Found: C, 43.92; H, 5.06; N, 3.60; S, 8.17.

3.2.6. General Procedure for the Synthesis of Sulfonamides 14a-b

To a mixture of isoniazid 13 (0.29 mmol) and chloride 6a for 14a or 6b for 14b
(0.31 mmol) in water (2 mL), 1 N sodium carbonate was added to reach pH 8–10 and
was stirred at room temperature maintaining this pH. Once the reaction was finished, the
pH was adjusted to 7–8 by adding HCl 10% v/v if necessary, the precipitate was filtered and
washed with water. No further purification was required.

5-Acetyl-N’-isonicotinoyl-2-methoxybenzenesulfonohydrazide (14a)

Beige crystals; 45% yield; m.p. 191–194 ◦C; FTIR (ATR) υ(cm−1): 3303 (N-H), 3234
(N-H), 3091 (C-H Ar), 1666 (C=O), 1595 (C=C), 1162 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 11.13 (s, 1H, S-NH), 10.08 (s, 1H, C-NH), 8.87 (s, 2H, H2C), 8.46–8.33 (m, 2H, H6A
and H4A), 7.76 (s, 2H, H3C), 7.49 (d, J = 8.7 Hz, 1H, H3A), 4.16 (s, 3H, OCH3), 2.68 (s, 3H,
CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 195.6 (C), 164.1 (C), 161.0 (C), 150.0 (CH),
139.3 (C), 135.7 (CH), 129.7 (CH), 128.5 (C), 127.4 (C), 121.4 (CH), 113.0 (CH), 57.0 (CH3),
26.4 (CH3). MS (EI, m/z (%)): 349 (M+, 1), 106 (100), 78 (66), 51 (50), 43 (52). Anal. calcd. for
C15H15N3O5S: C, 51.57; H, 4.33; N, 12.03; S, 9.18. Found: C, 51.60; H, 4.41; N, 12.03; S, 9.16.
Crystals suitable for single-crystal X-ray diffraction were obtained from ethanolic solution,
and the crystal data for 14a were deposited at CCDC with reference CCDC 2191607.
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5-Acetyl-N’-isonicotinoyl-2,4-dimethoxybenzenesulfonohydrazide (14b)

Pale yellow crystals; 85% yield; m.p. 188–189 ◦C. FTIR (ATR) υ(cm−1): 3163 (C-H
Ar), 1676 (C=O), 1659 (C=O), 1592 (C=C), 1166 (S=O), 1288 (C-N). 1H NMR (400 MHz,
DMSO-d6) δ ppm 10.91 (d, J = 3.6 Hz, 1H, S-NH), 9.69 (d, J = 3.6 Hz, 1H, C-NH), 8.69 (d,
J = 5.0 Hz, 2H, H2C), 8.06 (s, 1H, H6A), 7.57 (d, J = 5.0 Hz, 2H, H3C), 6.82 (s, 1H, H3A),
4.03–4.00 (m, 6H, 2A-OCH3 and 4A-OCH3), 2.46 (s, 3H, CH3). 13C NMR (101 MHz, DMSO
-d6) δ ppm 195.3 (C), 164.5 (C), 164.1 (C), 162.4 (C), 150.3 (CH), 139.1 (C), 132.8 (CH), 121.2
(CH), 119.2 (C), 118.5 (C), 97.3 (CH), 57.1 (CH3), 56.7 (CH3), 31.6 (CH3). MS (EI, m/z (%)):
379 (M+, 6), 243 (40), 149 (32), 106 (88), 78 (82), 43 (100). Anal. calcd. for C16H17N3O6S: C,
50.65; H, 4.52; N, 11.08; S, 8.45. Found: C, 50.50; H, 4.52; N, 11.13; S, 8.40. Crystals suitable
for single-crystal X-ray diffraction were obtained from ethanolic solution, and the crystal
data for 14b were deposited at CCDC with reference CCDC 2191610.

3.2.7. General Procedure for the Synthesis of Chalcone–Sulfonamide Hybrids 16a-f and 17a-f

To a mixture of sulfonamide 8b or 10 (0.20 mmol) and the corresponding aldehyde
15a-f (0.24 mmol) in ethanol (1.5 mL), 2 drops of 50% (w/v) NaOH solution were added and
the reaction mixture was stirred at room temperature. The sodium salt formed was filtered
and washed with small portions of ethanol. Next, it was poured into water and neutralized
by adding 10% (w/v) HCl aqueous solution. The precipitate was filtered and washed with
water to afford the corresponding compounds 16a-f and 17a-f. No further purification was
required.

5-Cinnamoyl-2-methoxy-N-(pyridin-3-yl)benzenesulfonamide (16a)

White solid; 88% yield; m.p. 229–230 ◦C. FTIR (ATR) υ(cm−1): 3079 (C-H Ar), 1659
(C=O), 1601 (C=C), 1340 (C-N), 1158 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.48
(d, J = 1.4 Hz, 1H, H6A), 8.23 (dd, J = 8.4, 1.4 Hz, 1H, H4A), 8.01 (d, J = 1.8 Hz, 1H, H2B),
7.86–7.75 (m, 3H, Hα and H2D), 7.72–7.61 (m, 2H, Hβ and H6B), 7.50–7.41 (m, 3H, H3D and
H4D), 7.20–7.08 (m, 2H, H3A and H4B), 6.88 (dd, J = 8.1, 4.6 Hz, 1H, H5B), 3.84 (s, 3H, OCH3).
13C NMR (101 MHz, DMSO-d6) δ ppm 187.4 (C), 160.4 (C), 146.8 (C), 143.6 (CH), 143.4 (CH),
137.0 (CH), 134.8 (C), 134.7 (C), 132.5 (CH), 130.6 (CH), 129.9 (CH), 129.0 (CH), 128.9 (C),
128.8 (CH), 125.5 (CH), 122.9 (CH), 121.9 (CH), 112.1 (CH), 56.2 (CH3). MS (EI, m/z (%)):
394 (M+, 8), 368 (36), 236 (26), 97 (56), 57 (100), 43 (77). Anal. calcd. for C21H18N2O4S: C,
63.94; H, 4.60; N, 7.10; S, 8.13. Found: C, 63.90; H, 4.69; N, 7.24; S, 8.10.

(E)-5-(3-(4-Chlorophenyl)acryloyl)-2-methoxy-N-(pyridin-3-yl)benzenesulfonamide (16b)

White solid; 67% yield; m.p. 256–258 ◦C. FTIR (ATR) υ(cm−1): 3068 (C-H Ar), 1661
(C=O), 1604 (C=C), 1312 (C-N), 1152 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.47 (d,
J = 2.3 Hz, 1H, H6A), 8.26 (dd, J = 8.7, 2.3 Hz, 1H, H4A), 8.04 (d, J = 2.6 Hz, 1H, H2B), 7.86
(d, J = 8.6 Hz, 2H, H2D), 7.82 (d, J = 15.7 Hz, 1H, Hα), 7.71 (dd, J = 4.5, 1.5 Hz, 1H, H6B),
7.67 (d, J = 15.7 Hz, 1H, Hβ), 7.51 (d, J = 8.6 Hz, 2H, H3D), 7.23–7.18 (m, 1H, H4B), 7.15
(d, J = 8.7 Hz, 1H, H3A), 6.92 (dd, J = 8.3, 4.5 Hz, 1H, H5B), 3.84 (s, 3H, OCH3). 13C RMN
(101 MHz, DMSO-d6) δ ppm 187.3 (C), 160.5 (C), 146.4 (C), 143.5 (CH), 142.0 (CH), 137.3
(CH), 135.0 (C), 134.6 (C), 133.7 (C), 132.7 (CH), 130.5 (CH), 129.9 (CH), 129.0 (CH), 128.9
(C), 125.6 (CH), 122.9 (CH), 122.7 (CH), 112.1 (CH), 56.2 (CH3). MS (EI, m/z (%)): 428/430
(M+/M+2+, 9/3), 313 (29), 236 (37), 97 (60), 57 (100). Anal. calcd. for C21H17ClN2O4S: C,
58.81; H, 4.00; N, 6.53; S, 7.48. Found: C, 58.79; H, 3.93; N, 6.50; S, 7.48.

(E)-2-Methoxy-N-(pyridin-3-yl)-5-(3-(p-tolyl)acryloyl)benzenesulfonamide (16c)

Beige solid; 85% yield; m.p. 231–234 ◦C. FTIR (ATR) υ(cm−1): 2947 (C-H), 1659
(C=O), 1598 (C=C), 1339 (C-N), 1156 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.47
(d, J = 2.4 Hz, 1H, H6A), 8.22 (dd, J = 8.6, 2.4 Hz, 1H, H4A), 8.01 (d, J = 2.6 Hz, 1H, H2B),
7.75–7.64 (m, 5H, Hα, Hβ, H2D and H6B), 7.27 (d, J = 7.7 Hz, 2H, H3D), 7.19–7.11 (m, 2H, H3A

and H4B), 6.89 (dd, J = 8.3, 4.6 Hz, 1H, H5B), 3.84 (s, 3H, OCH3), 2.35 (s, 3H, CH3). 13C NMR
(101 MHz, DMSO-d6) δ ppm 187.3 (C), 160.3 (C), 146.8 (C), 143.6 (CH), 143.5 (CH), 140.6 (C),
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137.0 (CH), 134.7 (C), 132.4 (CH), 132.0 (C), 129.8 (CH), 129.6 (CH), 129.0 (C), 128.8 (CH),
125.4 (CH), 122.8 (CH), 120.8 (CH), 112.0 (CH), 56.2 (CH3), 21.1 (CH3). MS (EI, m/z (%)):
408 (M+, 38), 315 (24), 178 (36), 145 (68), 115 (78), 39 (100). Anal. calcd. for C22H20N2O4S: C,
64.69; H, 4.94; N, 6.86; S, 7.85. Found: C, 64.70; H, 5.01; N, 6.87; S, 7.79.

(E)-2-Methoxy-5-(3-(4-methoxyphenyl)acryloyl)-N-(pyridin-3-yl)benzenesulfonamide (16d)

Pale yellow solid; 86% yield; m.p. 228–230 ◦C. FTIR (ATR) υ(cm−1): 3072 (C-H Ar),
1653 (C=O), 1593 (C=C), 1220 (C-O-C), 1159 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm
8.47 (d, J = 2.4 Hz, 1H, H6A), 8.21 (dd, J = 8.6, 2.4 Hz, 1H, H4A), 8.01 (d, J = 2.6 Hz, 1H, H2B),
7.78 (d, J = 8.3 Hz, 2H, H2D), 7.71–7.61 (m, 3H, Hα, Hβ and H6B), 7.18–7.10 (m, 2H, H4B and
H3A), 7.01 (d, J = 8.3 Hz, 2H, H3D), 6.89 (dd, J = 8.3, 4.6 Hz, 1H, H5B), 3.84 (s, 3H, 2A-OCH3),
3.82 (s, 3H, 4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 187.2 (C), 161.3 (C), 160.2
(C), 146.8 (C), 143.6 (CH), 143.4 (CH), 137.0 (CH), 134.6 (C), 132.3 (CH), 130.6 (CH), 129.8
(CH), 129.2 (C), 127.3 (C), 125.4 (CH), 122.8 (CH), 119.3 (CH), 114.5 (CH), 112.0 (CH), 56.2
(CH3), 55.4 (CH3). MS (EI, m/z (%)): 424 (M+, 98), 237 (58), 161 (85), 133 (81), 95 (100), 39
(77). Anal. calcd. for C22H20N2O5S: C, 62.25; H, 4.75; N, 6.60; S, 7.55. Found: C, 62.30; H,
4.82; N, 6.61; S, 7.47.

(E)-2-Methoxy-N-(pyridin-3-yl)-5-(3-(3,4,5-trimethoxyphenyl)acryloyl)benzenesulfonamide (16e)

Yellow solid; 77% yield; m.p. 239–241 ◦C. FTIR (ATR) υ(cm−1): 3077 (C-H Ar), 1660
(C=O), 1595 (C=C), 1272 (C-O-C), 1126 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.49
(d, J = 2.3 Hz, 1H, H6A), 8.27 (dd, J = 8.7, 2.3 Hz, 1H, H4A), 8.02 (d, J = 2.6 Hz, 1H, H2B), 7.78
(d, J = 15.5 Hz, 1H, Hα), 7.69–7.64 (m, 2H, Hβ and H6B), 7.20 (s, 2H, H2D), 7.19–7.13 (m, 2H,
H3A and H4B), 6.89 (dd, J = 8.3, 4.6 Hz, 1H, H5B), 3.88 (s, 6H, 3D-OCH3), 3.85 (s, 3H, OCH3),
3.73 (s, 3H, 4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 187.5 (C), 160.3 (C), 153.1
(C), 146.8 (C), 143.9 (CH), 143.5 (CH), 139.7 (C), 137.0 (CH), 134.9 (C), 132.5 (CH), 130.3 (C),
129.8 (CH), 129.1 (C), 125.5 (CH), 122.8 (CH), 121.2 (CH), 111.9 (CH), 106.4 (CH), 60.2 (CH3),
56.2 (CH3), 56.2 (CH3). MS (EI, m/z (%)): 484 (M+, 13), 264 (7), 109 (35), 95 (50), 57 (47), 43
(100). Anal. calcd. for C24H24N2O7S: C, 59.49; H, 4.99; N, 5.78; S, 6.62. Found: C, 59.51; H,
4.80; N, 5.79; S, 6.58.

(E)-5-(3-(Benzo[d][1,3]dioxol-5-yl)acryloyl)-2-methoxy-N-(pyridin-3-yl)
benzenesulfonamide (16f)

Yellow solid; 82% yield; m.p. 220–223 ◦C. FTIR (ATR) υ(cm−1): 3076 (C-H Ar), 1659
(C=O), 1596 (C=C), 1236 (C-O-C), 1159 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm 8.46
(d, J = 2.4 Hz, 1H, H6A), 8.24 (dd, J = 8.6, 2.4 Hz, 1H, H4A), 8.00 (d, J = 2.7 Hz, 1H, H2B),
7.72–7.60 (m, 3H, Hα, Hβ and H6B), 7.57 (s, 1H, H2D), 7.29 (d, J = 8.1 Hz, 1H, H6D), 7.18–7.09
(m, 2H, H3A and H4B), 6.98 (d, J = 8.1 Hz, 1H, H5D), 6.88 (dd, J = 8.3, 4.6 Hz, 1H, H5B), 6.10
(s, 2H, CH2), 3.83 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 187.2 (C), 160.2
(C), 149.5 (C), 148.1 (C), 146.8 (C), 143.6 (CH), 143.4 (CH), 136.9 (CH), 134.8 (C), 132.4 (CH),
129.7 (CH), 129.2 (C), 129.1 (C), 125.6 (CH), 125.4 (CH), 122.8 (CH), 119.9 (CH), 111.9 (CH),
108.5 (CH), 107.0 (CH), 101.6 (CH2), 56.2 (CH3). MS (EI, m/z (%)): 438 (M+, 55), 251 (42),
165 (56), 89 (86), 66 (57), 39 (100). Anal. calcd. for C22H18N2O6S: C, 60.27; H, 4.14; N, 6.39; S,
7.31. Found: C, 60.34; H, 4.10; N, 6.39; S, 7.50.

5-Cinnamoyl-2,4-dimethoxybenzenesulfonamide (17a)

Beige solid; 60% yield; m.p. 230–231 ◦C. FTIR (ATR) υ(cm−1): 3403 and 3375 (N-H),
3097 (C-H Ar), 1638 (C=O), 1596 (C=C), 1153 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm
8.04 (s, 1H, H6A), 7.77–7.71 (m, 2H, H2D), 7.63–7.52 (m, 2H, Hα and Hβ), 7.48–7.42 (m, 3H,
H3D and H4D), 7.10 (s, 2H, NH2), 6.89 (s, 1H, H3A), 4.04 (s, 6H, 2A-OCH3 and 4A-OCH3).
13C NMR (101 MHz, DMSO-d6) δ ppm 188.6 (C), 162.9 (C), 160.5 (C), 142.1 (CH), 134.7 (C),
130.6 (CH), 130.4 (CH), 129.0 (CH), 128.5 (CH), 126.6 (CH), 124.1 (C), 119.5 (C), 97.2 (CH),
56.8 (CH3). MS (EI, m/z (%)): 347 (M+, 36), 319 (34), 256 (55), 131 (62), 103 (100), 77 (69).
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Anal. calcd. for C17H17NO5S: C, 58.78; H, 4.93; N, 4.03; S, 9.23. Found: C, 58.59; H, 4.90; N,
4.15; S, 9.22.

(E)-5-(3-(4-Chlorophenyl)acryloyl)-2,4-dimethoxybenzenesulfonamide (17b)

Pale yellow solid; 77% yield; m.p. 260–262 ◦C. FTIR (ATR) υ(cm−1): 3397 and 3238
(N-H), 3106 (C-H Ar), 1642 (C=O), 1597 (C=C), 1154 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 8.04 (s, 1H, H6A), 7.77 (d, J = 8.6 Hz, 2H, H2D), 7.54–7.59 (m, 2H, Hα and Hβ), 7.50
(d, J = 8.6 Hz, 2H, H3D), 7.10 (s, 2H, NH2), 6.88 (s, 1H, H3A), 4.06–4.02 (m, 6H, 2A-OCH3
and 4A-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 188.5 (C), 163.0 (C), 160.7 (C), 140.6
(CH), 134.9 (C), 133.7 (C), 130.7 (CH), 130.2 (CH), 129.1 (CH), 127.3 (CH), 124.1 (C), 119.4
(C), 97.2 (CH), 56.85 (CH3), 56.83 (CH3). MS (EI, m/z (%)): 381/383 (M+/M+2+, 22/8), 353
(36), 256 (100), 137 (55), 102 (70), 75 (43). Anal. calcd. for C17H16ClNO5S: C, 53.47; H, 4.22;
N, 3.67; S, 8.40. Found: C, 53.50; H, 4.30; N, 3.63; S, 8.32.

(E)-2,4-Dimethoxy-5-(3-(p-tolyl)acryloyl)benzenesulfonamide (17c)

Pale yellow crystals; 65% yield; m.p. 206–208 ◦C. FTIR (ATR) υ(cm−1): 3369 and 3256
(N-H), 2987 (C-H), 1654 (C=O), 1600 (C=C), 1152 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 8.04 (s, 1H, H6A), 7.65 (d, J = 7.7 Hz, 2H, H2D), 7.59 (d, J = 15.8 Hz, 1H, Hβ), 7.50 (d,
J = 15.8 Hz, 1H, Hα), 7.28 (d, J = 7.7 Hz, 2H, H3D), 7.11 (s, 2H, NH2), 6.90 (s, 1H, H3A),
4.08–4.03 (m, 6H, 2A-OCH3 and 4A-OCH3), 2.36 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-
d6) δ ppm 188.7 (C), 162.9 (C), 160.5 (C), 142.3 (CH), 140.6 (C), 132.0 (C), 130.6 (CH), 129.7
(CH), 128.6 (CH), 125.6 (CH), 124.0 (C), 119.6 (C), 97.2 (CH), 56.8 (CH3), 21.1 (CH3). MS
(EI, m/z (%)): 361 (M+, 21), 346 (53), 281 (25), 115 (70), 105 (100), 91 (47). Anal. calcd. for
C18H19NO5S: C, 59.82; H, 5.30; N, 3.88; S, 8.87. Found: C, 59.77; H, 5.30; N, 3.95; S, 8.79.
Crystals suitable for single-crystal X-ray diffraction were obtained from ethanolic solution,
and the crystal data for 17c were deposited at CCDC with reference CCDC 2191611.

(E)-2,4-Dimethoxy-5-(3-(4-methoxyphenyl)acryloyl)benzenesulfonamide (17d)

Yellow crystals; 82% yield; m.p. 215–218 ◦C. FTIR (ATR) υ(cm−1): 3398 and 3199
(N-H), 1638 (C=O), 1592 (C=C), 1251 (C-O-C), 1152 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 8.01 (s, 1H, H6A), 7.70 (d, J = 8.4 Hz, 2H, H2D), 7.56 (d, J = 15.8 Hz, 1H, Hβ), 7.40 (d,
J = 15.8 Hz, 1H, Hα), 7.09 (s, 2H, NH2), 7.00 (d, J = 8.4 Hz, 2H, H3D), 6.88 (s, 1H, H3A),
4.05–4.01 (m, 6H, 2A-OCH3 and 4A-OCH3), 3.81 (s, 3H, 4D-OCH3). 13C NMR (101 MHz,
DMSO-d6) δ ppm 188.6 (C), 162.7 (C), 161.2 (C), 160.3 (C), 142.3 (CH), 130.4 (CH), 130.3 (CH),
127.3 (C), 124.2 (CH), 124.0 (C), 119.8 (C), 114.5 (CH), 97.2 (CH), 56.71 (CH3), 56.70 (CH3),
55.3 (CH3). MS (EI, m/z (%)): 377 (M+, 48), 297 (44), 244 (27), 161 (52), 133 (47), 121 (100).
Anal. calcd. for C18H19NO6S: C, 57.28; H, 5.07; N, 3.71; S, 8.50. Found: C, 57.09; H, 5.14;
N, 3.65; S, 8.52. Crystals suitable for single-crystal X-ray diffraction were obtained from
ethanolic solution, and the crystal data for 17d were deposited at CCDC with reference
CCDC 2191612.

(E)-2,4-Dimethoxy-5-(3-(3,4,5-trimethoxyphenyl)acryloyl)benzenesulfonamide (17e)

Beige solid; 62% yield; m.p. 253–256 ◦C. FTIR (ATR) υ(cm−1): 3381 and 3253 (N-H),
2972 (C-H Ar), 1653 (C=O), 1607 (C=C), 1270 (C-O-C), 1149 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 7.98 (s, 1H, H6A), 7.53–7.43 (m, 2H, Hβ and Hα), 7.09 (s, 2H, NH2), 7.07
(s, 2H, H2D), 6.89 (s, 1H, H3A), 4.05–4.01 (m, 6H, 2A-OCH3 and 4A-OCH3), 3.84 (s, 6H,
3D-OCH3), 3.71 (s, 3H, 4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 189.2 (C), 162.7
(C), 160.3 (C), 153.1 (C), 142.8 (CH), 139.6 (C), 130.2(CH, C), 126.2 (CH), 124.0 (C), 119.8 (C),
106.0 (CH), 97.2 (CH), 60.1 (CH3), 56.74 (CH3), 56.69 (CH3), 56.0 (CH3). MS (EI, m/z (%)):
437 (M+, 100), 406 (40), 355 (24), 181 (43), 127 (35), 43 (29). Anal. calcd. for C20H23NO8S: C,
54.91; H, 5.30; N, 3.20; S, 7.33. Found: C, 55.00; H, 5.28; N, 3.35; S, 7.38.
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(E)-5-(3-(Benzo[d][1,3]dioxol-5-yl)acryloyl)-2,4-dimethoxybenzenesulfonamide (17f)

Pale yellow solid; 53% yield; m.p. 257–258 ◦C. FTIR (ATR) υ(cm−1): 3389 and 3300 (N-H),
3109 (C-H Ar), 1646 (C=O), 1595 (C=C), 1244 (C-O-C), 1154 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 7.99 (s, 1H, H6A), 7.52 (d, J = 15.7 Hz, 1H, Hβ), 7.42–7.35 (m, 2H, Hα

and H2D), 7.24 (d, J = 8.0 Hz, 1H, H6D), 7.08 (s, 2H, NH2), 6.98 (d, J = 8.0 Hz, 1H, H5D),
6.87 (s, 1H, H3A), 6.09 (s, 2H, CH2), 4.06–4.00 (m, 6H, 2A-OCH3 and 4A-OCH3). 13C NMR
(101 MHz, DMSO-d6) δ ppm 188.7 (C), 162.7 (C), 160.3 (C), 149.4 (C), 148.1 (C), 142.3 (CH),
130.4 (CH), 129.1 (C), 125.2 (CH), 124.7 (CH), 124.0 (C), 119.8 (C), 108.6 (CH), 106.8 (CH),
101.6 (CH2), 97.2 (CH), 56.7 (CH3). MS (EI, m/z (%)): 391 (M+, 100), 377 (22), 69 (27), 55 (31),
43 (67). Anal. calcd. for C18H17NO7S: C, 55.24; H, 4.38; N, 3.58; S, 8.19. Found: C, 55.09; H,
4.40; N, 3.63; S, 8.13.

3.2.8. General Procedure for the Synthesis of Chalcone–Sulfonamide Hybrids 18a-f

To a mixture of sulfonamide 12 (0.20 mmol) and the corresponding aldehyde 15a-f
(0.23 mmol) in ethanol (1.5 mL), 2 drops of 50% (w/v) NaOH solution were added and the
reaction mixture was stirred at room temperature. The resulting precipitate was collected
by filtration under vacuum, washed with ethanol and purified by column chromatography
on silica gel, using a mixture of CHCl3:EtOAc (10:1) as eluent.

N,N-bis(2-chloroethyl)-5-cinnamoyl-2,4-dimethoxybenzenesulfonamide (18a)

Beige solid; 79% yield; m.p. 184–186 ◦C. FTIR (ATR) υ(cm−1): 3065 (C-H Ar), 2949
(C-H), 1645 (C=O), 1599 (C=C), 1145 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.29 (s, 1H,
H6A), 7.66 (d, J = 15.8 Hz, 1H, Hβ), 7.59 (dd, J = 6.6, 3.0 Hz, 2H, H2D), 7.42–7.34 (m, 4H, H3D,
H4D and Hα), 6.54 (s, 1H, H3A), 4.04 (s, 3H, 4A-OCH3), 4.00 (s, 3H, 2A-OCH3), 3.64 (s, 8H,
N-CH2 and Cl-CH2). 13C NMR (101 MHz, CDCl3) δ ppm 189.5 (C), 163.8 (C), 160.8 (C),
143.9 (CH), 135.1 (C), 134.9 (CH), 130.6 (CH), 129.1 (CH), 128.6 (CH), 126.4 (CH), 121.6 (C),
120.1 (C), 95.9 (CH), 56.6 (CH3), 56.5 (CH3), 51.3 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 472
(M+, 4), 331 (100), 283 (38), 131 (52), 103 (41). Anal. calcd. for C21H23Cl2NO5S: C, 53.40; H,
4.91; N, 2.97; S, 6.79. Found: C, 53.25; H, 4.90; N, 3.06; S, 6.68.

(E)-N,N-bis(2-Chloroethyl)-5-(3-(4-chlorophenyl)acryloyl)-2,4
-dimethoxybenzenesulfonamide (18b)

White solid; 88% yield; m.p. 186–187 ◦C. FTIR (ATR) υ(cm−1): 3084 (C-H Ar), 2914
(C-H), 1645 (C=O), 1601 (C=C), 1149 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.30 (s, 1H,
H6A), 7.60 (d, J = 15.8 Hz, 1H, Hβ), 7.51 (d, J = 8.4 Hz, 2H, H2D), 7.39–7.31 (m, 3H, H3D and
Hα), 6.53 (s, 1H, H3A), 4.04 (s, 3H, 4A-OCH3), 4.00 (s, 3H, 2A-OCH3), 3.63 (s, 8H, N-CH2
and Cl-CH2). 13C NMR (101 MHz, CDCl3) δ ppm 189.0 (C), 163.9 (C), 161.0 (C), 142.2 (CH),
136.4 (C), 135.0 (CH), 133.6 (C), 129.7 (CH), 129.3 (CH), 126.8 (CH), 121.4 (C), 120.2 (C), 95.9
(CH), 56.6 (CH3), 56.5 (CH3), 51.3 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 507 (M+, 4), 365
(100), 317 (26), 165 (30), 135 (24). Anal. calcd. for C21H22Cl3NO5S: C, 49.77; H, 4.38; N, 2.76;
S, 6.33. Found: C, 49.68; H, 4.45; N, 2.79; S, 6.09.

(E)-N,N-bis(2-Chloroethyl)-2,4-dimethoxy-5-(3-(p-tolyl)acryloyl)benzenesulfonamide (18c)

Pale yellow solid; 86% yield; m.p. 186–189 ◦C. FTIR (ATR) υ(cm−1): 2923 (C-H), 1644
(C=O), 1597 (C=C), 1276 (C-O-C), 1150 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.27 (s,
1H, H6A), 7.62 (d, J = 15.8 Hz, 1H, Hβ), 7.48 (d, J = 7.9 Hz, 2H, H2D), 7.30 (d, J = 15.8 Hz,
1H, Hα), 7.20 (d, J = 7.9 Hz, 2H, H3D), 6.53 (s, 1H, H3A), 4.03 (s, 3H, 4A-OCH3), 3.99 (s, 3H,
2A-OCH3), 3.63 (s, 8H, N-CH2 and Cl-CH2), 2.38 (s, 3H, CH3). 13C NMR (101 MHz, CDCl3)
δ ppm 189.6 (C), 163.7 (C), 160.7 (C), 144.1 (CH), 141.1 (C), 134.8 (CH), 132.3 (C), 129.8 (CH),
128.6 (CH), 125.4 (CH), 121.7 (C), 119.9 (C), 95.9 (CH), 56.6 (CH3), 56.5 (CH3), 51.3 (CH2),
42.4 (CH2), 21.6 (CH3). MS (EI, m/z (%)): 486 (M+, 4), 345 (100), 297 (28), 145 (39), 105 (56).
Anal. calcd. for C22H25Cl2NO5S: C, 54.33; H, 5.18; N, 2.88; S, 6.59. Found: C, 54.52; H, 5.22;
N, 2.57; S, 6.68.
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(E)-N,N-bis(2-Chloroethyl)-2,4-dimethoxy-5-(3-(4-methoxyphenyl)acryloyl)
benzenesulfonamide (18d)

Yellow solid; 84% yield; m.p. 168–171 ◦C. FTIR (ATR) υ(cm−1): 3016 (C-H Ar), 2847
(C-H), 1642 (C=O), 1593 (C=C), 1143 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.26 (s, 1H,
H6A), 7.61 (d, J = 15.8 Hz, 1H, Hβ), 7.54 (d, J = 8.8 Hz, 2H, H2D), 7.22 (d, J = 15.8 Hz, 1H,
Hα), 6.91 (d, J = 8.7 Hz, 2H, H3D), 6.53 (s, 1H, H3A), 4.03 (s, 3H, 4A-OCH3), 3.99 (s, 3H,
2A-OCH3), 3.84 (s, 3H, 4D-OCH3), 3.63 (s, 8H, N-CH2 and Cl-CH2). 13C NMR (101 MHz,
CDCl3) δ ppm 189.6 (C), 163.7 (C), 161.8 (C), 160.6 (C), 144.0 (CH), 134.7 (CH), 130.4 (CH),
127.7 (C), 124.2 (CH), 121.9 (C), 119.9 (C), 114.5 (CH), 95.9 (CH), 56.6 (CH3), 56.5 (CH3), 55.5
(CH3), 51.3 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 502 (M+, 4), 361 (46), 267 (28), 161 (39), 121
(100). Anal. calcd. for C22H25Cl2NO6S: C, 52.60; H, 5.02; N, 2.79; S, 6.38. Found: C, 52.43;
H, 5.03; N, 2.54; S, 6.35.

(E)-N,N-bis(2-Chloroethyl)-2,4-dimethoxy-5-(3-(3,4,5-trimethoxyphenyl)acryloyl)
benzenesulfonamide (18e)

Yellow solid; 61% yield; m.p. 186–188 ◦C. FTIR (ATR) υ(cm−1): 2957 (C-H), 1647
(C=O), 1600 (C=C), 1273 (C-O-C), 1145 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.24 (s,
1H, H6A), 7.52 (d, J = 15.8 Hz, 1H, Hβ), 7.19 (d, J = 15.8 Hz, 1H, Hα), 6.80 (s, 2H, H2D), 6.53
(s, 1H, H3A), 4.03 (s, 3H, 4A-OCH3), 3.98 (s, 3H, 2A-OCH3), 3.91–3.87 (m, 9H, 3D-OCH3
and 4D-OCH3), 3.63 (s, 8H, N-CH2 and Cl-CH2). 13C NMR (101 MHz, CDCl3) δ 189.7 (C),
163.7 (C), 160.7 (C), 153.6 (C), 144.3 (CH), 140.6 (C), 134.5 (CH), 130.5 (C), 125.8 (CH), 121.7
(C), 119.9 (C), 105.9 (CH), 96.0 (CH), 61.1 (CH3), 56.6 (CH3), 56.5 (CH3), 56.4 (CH3), 51.3
(CH2), 42.4 (CH2). MS (EI, m/z (%)): 562 (M+, 2), 334 (45), 243 (100), 83 (79), 43 (51). Anal.
calcd. for C24H29Cl2NO8S: C, 51.25; H, 5.20; N, 2.49; S, 5.70. Found: C, 51.05; H, 5.43; N,
2.52; S, 5.91.

(E)-5-(3-(Benzo[d][1,3]dioxol-5-yl)acryloyl)-N,N-bis(2-chloroethyl)-2,4
-dimethoxybenzenesulfonamide (18f)

Yellow solid; 82% yield; m.p. 193–196 ◦C. FTIR (ATR) υ(cm−1): 2885 (C-H), 1643
(C=O), 1595 (C=C), 1250 (C-O-C), 1150 (S=O). 1H NMR (400 MHz, CDCl3) δ 8.27 (s, 1H,
H6A), 7.57 (d, J = 15.7 Hz, 1H, Hβ), 7.18 (d, J = 15.7 Hz, 1H, Hα), 7.13–7.02 (m, 2H H2D and
H6D), 6.82 (d, J = 7.9 Hz, 1H, H5D), 6.53 (s, 1H, H3A), 6.02 (s, 2H, O-CH2), 4.06–3.97 (m, 6H,
2A-OCH3 and 4A-OCH3), 3.63 (s, 8H, N-CH2 and Cl-CH2). 13C NMR (101 MHz, CDCl3) δ
ppm 189.3 (C), 163.7 (C), 160.7 (C), 150.0 (C), 148.5 (C), 143.9 (CH), 134.8 (CH), 129.5 (C),
125.4 (CH), 124.5 (CH), 121.8 (C), 120.0 (C), 108.8 (CH), 106.8 (CH), 101.7 (CH2), 95.9 (CH),
56.6 (CH3), 56.5 (CH3), 51.3 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 516 (M+, 7), 375 (49), 311
(47), 281 (36), 135 (100). Anal. calcd. for C22H23Cl2NO7S: C, 51.17; H, 4.49; N, 2.71; S, 6.21.
Found: C, 51.10; H, 4.58; N, 2.82; S, 6.22.

3.2.9. General Procedure for the Synthesis of Chalcone–Sulfonamide Hybrids 19a-f

To a mixture of sulfonamide 14a (0.20 mmol) and the corresponding aldehyde 15a-f
(0.24 mmol) in ethanol (1.5 mL), 2 drops of a 50% w/v NaOH solution were added and
stirred at room temperature. After completion of the reaction, the medium was neutralized
using an aqueous 10% v/v HCl solution, the precipitate was filtered and washed with water.
The products 19a-f were purified by CC on silica gel, using a CHCl3:EtOH (15:1) mixture
as eluent.

5-Cinnamoyl-N’-isonicotinoyl-2-methoxybenzenesulfonohydrazide (19a)

Beige solid; 78% yield; m.p. 227–229 ◦C. FTIR (ATR) υ(cm−1): 3212 (N-H), 3013 (C-H
Ar), 1682 (C=O), 1654 (C=O), 1597 (C=C), 1155 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
10.97 (s, 1H, S-NH), 9.95 (s, 1H, C-NH), 8.67 (d, J = 6.0 Hz, 2H, H2C), 8.50 (dd, J = 8.8, 2.3 Hz,
1H, H4A), 8.43 (d, J = 2.3 Hz, 1H, H6A), 7.90 (d, J = 15.6 Hz, 1H, Hα), 7.88–7.83 (m, 2H, H2D),
7.72 (d, J = 15.6 Hz, 1H, Hβ), 7.58 (d, J = 6.0 Hz, 2H, H3C), 7.48–7.43 (m, 3H, H3D and H4D),
7.38 (d, J = 8.8 Hz, 1H, H3A), 4.04 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm
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186.8 (C), 164.2 (C), 161.1 (C), 150.4 (CH), 144.1 (CH), 138.9 (C), 135.9 (CH), 134.6 (C), 130.7
(CH), 130.2 (CH), 129.1 (C), 128.9 (CH), 128.9 (CH), 127.7 (C), 121.5 (CH), 121.2 (CH), 113.0
(CH), 57.1 (CH3). MS (EI, m/z (%)): 437 (M+, 1), 238 (61), 135 (88), 106 (100), 78 (77), 51 (63).
Anal. calcd. for C22H19N3O5S: C, 60.40; H, 4.38; N, 9.61; S, 7.33. Found: C, 60.36; H, 4.30; N,
9.55; S, 7.45.

(E)-5-(3-(4-Chlorophenyl)acryloyl)-N’-isonicotinoyl-2-methoxybenzenesulfonohydrazide
(19b)

White solid; 75%; m.p. 242–244 ◦C. FTIR (ATR) υ(cm−1): 3235 (N-H), 3030 (C-H Ar),
1681 (C=O), 1655 (C=O), 1600 (C=C), 1155 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm
10.99 (s, 1H, S-NH), 9.99 (s, 1H, C-NH), 8.67 (d, J = 5.3 Hz, 2H, H2C), 8.52 (d, J = 8.2 Hz,
1H, H4A), 8.42 (s, 1H, H6A), 7.99–7.89 (m, 3H, H2D and Hα), 7.71 (d, J = 15.5 Hz, 1H, Hβ),
7.57 (d, J = 5.3 Hz, 2H, H3C), 7.52 (d, J = 8.1 Hz, 2H, H3D), 7.38 (d, J = 8.2 Hz, 1H, H3A),
4.03 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 186.6 (C), 164.2 (C), 161.2 (C),
150.4 (CH), 142.7 (CH), 138.9 (C), 136.0 (CH), 135.2 (C), 133.6 (C), 130.7 (CH), 130.3 (CH),
129.02 (C), 128.98 (CH), 127.8 (C), 122.2 (CH), 121.2 (CH), 113.1 (CH), 57.1 (CH3). MS (EI,
m/z (%)): 471/473 (M+/M+2+, 5/2), 272 (42), 106 (100), 78 (98), 51 (88). Anal. calcd. for
C22H18ClN3O5S: C, 55.99; H, 3.84; N, 8.90; S, 6.79. Found: C, 56.08; H, 3.70; N, 8.91; S, 6.75.

(E)-N’-Isonicotinoyl-2-methoxy-5-(3-(p-tolyl)acryloyl)benzenesulfonohydrazide (19c)

White solid; 81% yield; m.p. 250-252 ◦C. FTIR (ATR) υ(cm-1): 3508 (N-H), 3033 (C-H
Ar), 1691 (C=O), 1658 (C=O), 1599 (C=C), 1162 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 10.97 (s, 1H, S-NH), 9.94 (s, 1H, C-NH), 8.67 (d, J = 5.0 Hz, 2H, H2C), 8.49 (d, J = 8.7 Hz,
1H, H4A), 8.42 (s, 1H, H6A), 7.84 (d, J = 15.5 Hz, 1H, Hα), 7.75 (d, J = 7.8 Hz, 2H, H2D), 7.69
(d, J = 15.5 Hz, 1H, Hβ), 7.58 (d, J = 5.0 Hz, 2H, H3C), 7.37 (d, J = 8.7 Hz, 1H, H3A), 7.26 (d, J
= 7.8 Hz, 2H, H3D), 4.03 (s, 3H, OCH3), 2.34 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ
ppm 186.7 (C), 164.2 (C), 161.0 (C), 150.4 (CH), 144.2 (CH), 140.8 (C), 138.9 (C), 135.8 (CH),
131.9 (C), 130.2 (CH), 129.5 (CH), 129.2 (C), 129.0 (CH), 127.7 (C), 121.2 (CH), 120.4 (CH),
113.0 (CH), 57.1 (CH3), 21.1(CH3). MS (EI, m/z (%)): 451 (M+, 3), 252 (61), 135 (69), 106 (100),
78 (77), 51 (58). Anal. calcd. for C23H21N3O5S: C, 61.18; H, 4.69; N, 9.31; S, 7.10. Found: C,
61.01; H, 4.76; N, 9.47; S, 7.11.

(E)-N’-Isonicotinoyl-2-methoxy-5-(3-(4-methoxyphenyl)acryloyl)
benzenesulfonohydrazide (19d)

Pale yellow solid; 84% yield; m.p. 216–217 ◦C. FTIR (ATR) υ(cm−1): 3233 (N-H),
3042 (C-H Ar), 1676 (C=O), 1655 (C=O), 1597 (C=C), 1256 (C-O-C), 1154 (S=O). 1H NMR
(400 MHz, DMSO-d6) δ ppm 10.97 (s, 1H, S-NH), 9.93 (s, 1H, C-NH), 8.67 (d, J = 5.9 Hz, 2H,
H2C), 8.48 (dd, J = 8.8, 2.3 Hz, 1H, H4A), 8.41 (d, J = 2.3 Hz, 1H, H6A), 7.83 (d, J = 8.6 Hz,
2H, H2D), 7.76 (d, J = 15.5 Hz, 1H, Hα), 7.69 (d, J = 15.5 Hz, 1H, Hβ), 7.58 (d, J = 5.9 Hz, 2H,
H3C), 7.36 (d, J = 8.8 Hz, 1H, H3A), 7.01 (d, J = 8.6 Hz, 2H, H3D), 4.03 (s, 3H, OCH3), 3.82 (s,
3H, 4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 186.6 (C), 164.2 (C), 161.4 (C), 160.9
(C), 150.3 (CH), 144.2 (CH), 138.9 (C), 135.7 (CH), 130.8 (CH), 130.1 (CH), 129.4 (C), 127.7
(C), 127.2 (C), 121.2 (CH), 118.9 (CH), 114.4 (CH), 113.0 (CH), 57.0 (CH3), 55.4 (CH3). MS
(EI, m/z (%)): 467 (M+, 3), 300 (32), 268 (82), 78 (74), 51 (100). Anal. calcd. for C23H21N3O6S:
C, 59.09; H, 4.53; N, 8.99; S, 6.86. Found: C, 59.20; H, 4.53; N, 9.06; S, 6.72.

(E)-N’-Isonicotinoyl-2-methoxy-5-(3-(3,4,5-trimethoxyphenyl)acryloyl)
benzenesulfonohydrazide (19e)

Yellow solid; 70% yield; m.p. 202–204 ◦C. FTIR (ATR) υ(cm−1): 3260 (N-H), 3049 (C-H
Ar), 1678 (C=O), 1636 (C=O), 1595 (C=C), 1279 (C-O-C), 1123 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 10.98 (d, J = 2.8 Hz, 1H, S-NH), 9.95 (d, J = 2.8 Hz, 1H, C-NH), 8.68 (d, J =
6.1 Hz, 2H, H2C), 8.51 (dd, J = 8.8, 2.3 Hz, 1H, H4A), 8.42 (d, J = 2.3 Hz, 1H, H6A), 7.86 (d, J
= 15.5 Hz, 1H, Hα), 7.68 (d, J = 15.5 Hz, 1H, Hβ), 7.58 (d, J = 6.1 Hz, 2H, H3C), 7.38 (d, J =
8.8 Hz, 1H. H3A), 7.22 (s, 2H, H2D), 4.04 (s, 3H, OCH3), 3.85 (s, 6H, 3D-OCH3), 3.72 (s, 3H,
4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 186.7 (C), 164.2 (C), 161.0 (C), 153.1 (C),
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150.4 (CH), 144.6 (CH), 139.9 (C), 138.9 (C), 135.9 (CH), 130.19 (C), 130.16 (CH), 129.3 (C),
127.8 (C), 121.2 (CH), 120.8 (CH), 112.9 (CH), 106.7 (CH), 60.2 (CH3), 57.1 (CH3), 56.2 (CH3).
MS (EI, m/z (%)): 527 (M+, 0.07), 328 (25), 297 (14), 135 (100), 106 (50), 78 (72), 51 (96). Anal.
calcd. for C25H25N3O8S: C, 56.92; H, 4.78; N, 7.97; S, 6.08. Found: C, 57.00; H, 4.71; N, 7.80;
S, 6.09.

(E)-5-(3-(Benzo[d][1,3]dioxol-5-yl)acryloyl)-N’-isonicotinoyl-2-
methoxybenzenesulfonohydrazide (19f)

Yellow solid; 75% yielf; m.p. 245–248 ◦C. FTIR (ATR) υ(cm−1): 3230 (N-H), 3041 (C-H
Ar), 1689 (C=O), 1648 (C=O), 1596 (C=C), 1220 (C-O-C), 1153 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 10.97 (s, 1H, S-NH), 9.93 (s, 1H, C-NH), 8.67 (d, J = 6.2 Hz, 2H,H2C), 8.49
(dd, J = 8.8, 2.3 Hz, 1H, H4A), 8.42 (d, J = 2.3 Hz, 1H, H6A), 7.79 (d, J = 15.4 Hz, 1H, Hα),
7.69–7.61 (m, 2H, Hβ and H2D), 7.58 (d, J = 6.2 Hz, 2H, H3C), 7.36 (d, J = 8.8 Hz, 1H, H3A),
7.30 (dd, J = 8.2, 1.7 Hz, 1H, H6D), 6.98 (d, J = 8.2 Hz, 1H, H5D), 6.10 (s, 2H, CH2), 4.03 (s, 3H,
OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 186.5 (C), 164.2 (C), 161.0 (C), 150.4 (CH),
149.6 (C), 148.1 (C), 144.2 (CH), 138.9, 135.8 (CH), 130.1 (CH), 129.3 (C), 129.2 (C), 127.7 (C),
126.1 (CH), 121.2 (CH), 119.4 (CH), 113.0 (CH), 108.5 (CH), 107.0 (CH), 101.7 (CH2), 57.1
(CH3). MS (EI, m/z (%)): 481 (0.09), 282 (99.8), 135 (99.9), 106 (99.9), 78 (99.9), 51 (100). Anal.
calcd. for C23H19N3O7S: C, 57.37; H, 3.98; N, 8.73; S, 6.66. Found: C, 57.32; H, 4.01; N, 8.59;
S, 6.79.

3.2.10. General Procedure for the Synthesis of Chalcone–Sulfonamide Hybrids 20a-f

To a mixture of sulfonamide 14b (0.20 mmol) and the respective aldehyde 15a-f
(0.24 mmol) in ethanol (1.5 mL), 2 drops of a 50% w/v NaOH solution were added and
stirred at room temperature. The reaction media was neutralized with an aqueous 10% v/v
HCl, the precipitate was filtered and washed with water. The products 20a-f were purified
by CC on silica gel and a DCM:MeOH (20:1) mixture as mobile phase.

5-Cinnamoyl-N’-isonicotinoyl-2,4-dimethoxybenzenesulfonohydrazide (20a)

Beige crystals; 71% yield; m.p. 143–145 ◦C. FTIR (ATR) υ(cm−1): 3135 (N-H), 2988
(C-H Ar), 1673 (C=O), 1650 (C=O), 1597 (C=C), 1157 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 10.93 (d, J = 3.0 Hz, 1H, S-NH), 9.73 (d, J = 3.0 Hz, 1H, C-NH), 8.67 (d, J = 5.5 Hz,
2H, H2C), 7.99 (s, 1H, H6A), 7.70–7.65 (m, 2H, H3D), 7.58 (d, J = 5.5 Hz, 2H, H3C), 7.53 (d,
J = 15.9 Hz, 1H, Hβ), 7.48 (d, J = 15.9 Hz, 1H, Hα), 7.45–7.40 (m, 3H, H3D and H4D), 6.88 (s,
1H, H3A), 4.06–4.02 (m, 6H, 2A-OCH3 and 4A-OCH3). 13C NMR (101 MHz, DMSO-d6) δ
ppm 188.5 (C), 164.1 (C), 163.9 (C), 162.1 (C), 150.3 (CH), 142.3 (CH), 139.0 (C), 134.6 (C),
132.8 (CH), 130.5 (CH), 129.0 (CH), 128.4 (CH), 126.5 (CH), 121.2 (CH), 119.5 (C), 119.2 (C),
97.4 (CH), 57.1 (CH3), 56.8 (CH3). MS (EI, m/z (%)): 467 (M+, 0.3), 300 (18), 165 (52), 103 (79),
77 (94), 51 (100). Anal. calcd. for C23H21N3O6S: C, 59.09; H, 4.53; N, 8.99; S, 6.86. Found: C,
59.01; H, 4.55; N, 9.07; S, 6.70.

(E)-5-(3-(4-Chlorophenyl)acryloyl)-N’-isonicotinoyl-2,4-
dimethoxybenzenesulfonohydrazide (20b)

Pale yellow solid; 47% yield; m.p. 196–198 ◦C. FTIR (ATR) υ(cm−1): 3183 (N-H), 2987
(C-H Ar), 1678 (C=O), 1650 (C=O), 1601 (C=C), 1157 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 10.93 (s, 1H, S-NH), 9.73 (s, 1H, C-NH), 8.67 (d, J = 5.8 Hz, 2H, H2C), 7.99 (s, 1H, H6A),
7.72 (d, J = 8.4 Hz, 2H, H2D), 7.58 (d, J = 5.8 Hz, 2H, H3C), 7.52–7.46 (m, 4H, Hα, Hβ and
H3D), 6.87 (s, 1H, H3A), 4.06–4.01 (m, 6H, 2A-OCH3 and 4A-OCH3). 13C NMR (101 MHz,
DMSO-d6) δ ppm 188.3 (C), 164.1 (C), 163.9 (C), 162.2 (C), 150.3 (CH), 140.7 (CH), 139.0
(C), 134.9 (C), 133.6 (C), 132.9 (CH), 130.1 (CH), 129.0 (CH), 127.2 (CH), 121.2 (CH), 119.4
(C), 119.3 (C), 97.3 (CH), 57.1 (CH3), 56.8 (CH3). MS (EI, m/z (%)): 501/504 (M+/M+2+,
0.16/0.10), 274 (29), 165 (95), 106 (100), 78 (99.7), 51 (99.1). Anal. calcd. for
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C23H20ClN3O6S: C, 55.04; H, 4.02; N, 8.37; S, 6.39. Found: C, 54.99; H, 4.07; N, 8.39;
S, 6.52.

(E)-N’-Isonicotinoyl-2,4-dimethoxy-5-(3-(p-tolyl)acryloyl)benzenesulfonohydrazide (20c)

White solid; 46% yield; m.p. 195–197 ◦C. FTIR (ATR) υ(cm−1): 3161 (N-H), 2987 (C-H
Ar), 1677 (C=O), 1650 (C=O), 1598 (C=C), 1157 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 10.93 (s, 1H, S-NH), 9.72 (s, 1H, C-NH), 8.67 (d, J = 6.1 Hz, 2H, H2C), 7.97 (s, 1H, H6A),
7.60–7.54 (m, 4H, H3C and H2D), 7.49 (d, J = 15.8 Hz, 1H, Hβ), 7.41 (d, J = 15.8 Hz, 1H, Hα),
7.23 (d, J = 7.7 Hz, 2H, H3D), 6.87 (s, 1H, H3A), 4.05–4.01 (m, 6H, 2A-OCH3 and 4A-OCH3),
2.33 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 188.6 (C), 164.1 (C), 163.8 (C),
162.0 (C), 150.3 (CH), 142.5 (CH), 140.5 (C), 139.0 (C), 132.8 (CH), 131.9 (C), 129.6 (CH), 128.5
(CH), 125.6 (CH), 121.2 (CH), 119.6 (C), 119.2 (C), 97.3 (CH), 57.1 (CH3), 56.8 (CH3), 21.0
(CH3). MS (EI, m/z (%)): 481 (M+, 0.6), 282 (25), 123 (66), 106 (100), 78 (97), 51 (86). Anal.
calcd. for C24H23N3O6S: C, 59.86; H, 4.81; N, 8.73; S, 6.66. Found: C, 59.81; H, 4.72; N, 8.79;
S, 6.74.

(E)-N’-Isonicotinoyl-2,4-dimethoxy-5-(3-(4-methoxyphenyl)acryloyl)
benzenesulfonohydrazide (20d)

Pale yellow solid; 50% yield; m.p. 214–217 ◦C. FTIR (ATR) υ(cm−1): 3327 (N-H), 3231
(N-H), 2986 (C-H Ar), 1699 (C=O), 1651 (C=O), 1593 (C=C), 1223 (C-O-C), 1150 (S=O).
1H NMR (400 MHz, DMSO-d6) δ ppm 10.93 (s, 1H, S-NH), 9.71 (s, 1H, C-NH), 8.68 (d,
J = 5.5 Hz, 2H, H2C), 7.96 (s, 1H, H6A), 7.63 (d, J = 8.3 Hz, 2H, H2D), 7.58 (d, J = 5.5 Hz, 2H,
H3C), 7.48 (d, J = 15.8 Hz, 1H, Hβ), 7.33 (d, J = 15.8 Hz, 1H, Hα), 6.98 (d, J = 8.3 Hz, 2H,
H3D), 6.87 (s, 1H, H3A), 4.05–4.00 (m, 6H, 2A-OCH3 and 4A-OCH3), 3.80 (s, 3H, 4D-OCH3).
13C NMR (101 MHz, DMSO-d6) δ ppm 188.5 (C), 164.1 (C), 163.7 (C), 161.9 (C), 161.2 (C),
150.3 (CH), 142.5 (CH), 139.0 (C), 132.7 (CH), 130.3 (CH), 127.2 (C), 124.2 (CH), 121.2 (CH),
119.8 (C), 119.1 (C), 114.5 (CH), 97.3 (CH), 57.0 (CH3), 56.7 (CH3), 55.3 (CH3). MS (EI, m/z
(%)): 497 (M+, 3), 282 (96), 139 (100), 111 (50), 75 (13). Anal. calcd. for C24H23N3O7S: C,
57.94; H, 4.66; N, 8.45; S, 6.45. Found: C, 57.85; H, 4.60; N, 8.55; S, 6.32.

(E)-N’-Isonicotinoyl-2,4-dimethoxy-5-(3-(3,4,5-trimethoxyphenyl)acryloyl)
benzenesulfonohydrazide (20e)

Yellow solid; 42% yield; m.p. 162–165 ◦C. FTIR (ATR) υ(cm−1): 3222 (N-H), 1700 (C=O),
3002 (C-H Ar) 1678 (C=O), 1597 (C=C), 1276 (C-O-C), 1150 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 10.94 (s, 1H, S-NH), 9.72 (s, 1H, C-NH), 8.67 (d, J = 4.2 Hz, 2H, H2C), 7.96
(s, 1H, H6A), 7.58 (d, J = 5.0 Hz, 2H, H3C), 7.52–7.38 (m, 2H, Hα and Hβ), 7.04 (s, 2H, H2D),
6.88 (s, 1H, H3A), 4.02 (s, 6H, 2A-OCH3 and 4A-OCH3), 3.82 (s, 6H, 3D-OCH3), 3.70 (s, 3H,
4D-OCH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 189.2 (C), 164.6 (C), 164.3 (C), 162.5(C),
153.6 (C), 150.8 (CH), 143.2 (CH), 140.1 (C), 139.5 (C), 133.1 (CH), 130.7 (C), 126.6 (CH), 121.7
(CH), 120.3 (C), 119.7 (C), 106.5 (CH), 97.8 (CH), 60.6 (CH3), 57.6 (CH3), 57.2 (CH3), 56.5
(CH3). MS (EI, m/z (%)): 557 (M+, 0.4), 358 (78), 165 (62), 106 (100), 78 (82), 51 (75). Anal.
calcd. for C26H27N3O9S: C, 56.01; H, 4.88; N, 7.54; S, 5.75. Found: C, 55.97; H, 4.82; N, 7.64;
S, 5.73.

(E)-5-(3-(Benzo[d][1,3]dioxol-5-yl)acryloyl)-N’-isonicotinoyl-2,4-dimethoxybenzenesulfonohydrazide
(20f)

Yellow crystals; 46% yield; m.p. 150–152 ◦C. FTIR (ATR) υ(cm−1): 3227 (N-H), 2988
(C-H Ar), 1649 (C=O), 1593 (C=C), 1242 (C-O-C), 1154 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 10.92 (d, J = 3.4 Hz, 1H, S-NH), 9.68 (d, J = 3.4 Hz, 1H, C-NH), 8.67 (d, J = 5.3 Hz,
2H, H2C), 7.95 (s, 1H, H6A), 7.58 (d, J = 5.3 Hz, 2H, H3C), 7.44 (d, J = 16.5 Hz, 1H, Hβ),
7.36–7.29 (m, 2H, Hα and H2D), 7.15 (d, J = 8.0 Hz, 1H, H6D), 6.94 (d, J = 8.0 Hz, 1H, H5D),
6.86 (s, 1H, H3A), 6.09 (s, 2H, CH2), 4.06–3.99 (m, 6H, 2A-OCH3 and 4A-OCH3). 13C NMR
(101 MHz, DMSO-d6) δ ppm 188.5 (C), 164.1 (C), 163.7 (C), 161.9 (C), 150.3 (CH),149.4 (C),
148.0 (C), 142.5 (CH), 139.0 (C), 132.6 (CH), 129.0 (C), 125.1 (CH), 124.7 (CH), 121.2 (CH),
119.8 (C), 119.1 (C), 108.5 (CH), 106.7 (CH), 101.6 (CH2), 97.3 (CH), 57.0 (CH3), 56.7 (CH3).
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MS (EI, m/z (%)): 511 (M+, 0.2), 312 (43), 135 (100), 106 (82), 78 (70), 51 (70). Anal. calcd. for
C24H21N3O8S: C, 56.35; H, 4.14; N, 8.22; S, 6.27. Found: C, 56.43; H, 4.19; N, 8.20; S, 6.14.
Crystals suitable for single-crystal X-ray diffraction were obtained from ethanolic solution,
and the crystal data for 20f were deposited at CCDC with reference CCDC 2191613.

3.2.11. General Procedure for the Synthesis of Pyrazoline–Sulfonamide Hybrids 22a-d

A mixture of the respective chalcone (16-18)b or 21b (0.27 mmol) and hydrazine
monohydrate (5.3 mmol) in ethanol (1.0 mL) was heated at reflux for 0.67 h. The reaction
mixture was cooled, then 1.0 mL of formic acid was slowly added and stirred overnight.
The solid formed was filtered and washed with small amounts of water and ethanol to
afford compounds 22a-d without further purification.

5-(5-(4-Chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-2-methoxybenzenesulfonamide
(22a)

White solid; 74% yield; m.p. 230–231 ◦C. FTIR (ATR) υ(cm−1): 3332 and 3230 (N-H),
3109 (C-H Ar), 2849 (-(C=O)-H), 1653 (C=O), 1600 (C=N), 1148 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 8.88 (s, 1H, CHO), 8.19 (d, J = 2.3 Hz, 1H, H6A), 7.87 (dd, J = 8.7, 2.3 Hz,
1H, H4A), 7.39 (d, J = 8.3 Hz, 2H, H2D), 7.32–7.17 (m, 5H, NH2, H3A and H3D), 5.53 (dd, J =
11.6, 4.8 Hz, 1H, HX), 3.98–3.87 (m, 4H, HM and OCH3), 3.17 (dd, J = 18.1, 4.8 Hz, 1H, HA).
13C NMR (101 MHz, DMSO-d6) δ ppm 160.0 (CHO), 157.8 (C), 155.4 (C), 140.3 (C), 132.8
(CH), 132.3 (C), 131.9 (C), 128.9 (CH), 128.0 (CH), 125.9 (CH), 122.7 (C), 113.3 (CH), 58.3
(CH), 56.7 (CH3), 42.3 (CH2). MS (EI, m/z (%)): 393/395 (M+/M+2+, 94/38), 254 (48), 228
(66), 213 (75), 57 (100), 43 (87). Anal. calcd. for C17H16ClN3O4S: C, 51.84; H, 4.09; N, 10.67;
S, 8.14. Found: C, 51.99; H, 4.00; N, 10.75; S, 8.12.

5-(5-(4-Chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-2-methoxy-N-(pyridin-3-yl)
benzenesulfonamide (22b)

White solid; 81% yield; m.p. 241–243 ◦C. FTIR (ATR) υ(cm−1): 3192 (N-H), 3076 (C-H
Ar), 1668 (C=O), 1604 (C=N), 1595 (C=C), 1159 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 10.39 (s, 1H, NH), 8.90 (s, 1H, CHO), 8.32 (d, J = 2.7 Hz, 1H, H2B), 8.25–8.18 (m, 2H,
H6A and H6B), 7.87 (dd, J = 8.7, 2.3 Hz, 1H, H4A), 7.51 (dt, J = 8.5, 2.7 Hz, 1H, H4B), 7.39 (d, J
= 8.2 Hz, 2H, H3D), 7.30–7.24 (m, 4H, H3A, H5B and H2D), 5.52 (dd, J = 11.9, 5.2 Hz, 1H, HX),
3.92 (s, 3H, OCH3), 3.87 (dd, J = 18.1, 11.9 Hz, 1H, HM), 3.21 (dd, J = 18.1, 5.2 Hz, 1H, HA).
13C NMR (101 MHz, DMSO-d6) δ ppm 159.8 (CHO), 157.6 (C), 154.7 (C), 145.2 (CH), 141.6
(CH), 140.1 (C), 134.3 (C), 133.9 (CH), 132.0 (C), 128.6 (CH), 127.84 (CH), 127.80 (CH), 127.2
(CH), 126.8 (C), 123.9 (CH), 122.9 (C), 113.3 (CH), 58.1 (CH), 56.6 (CH3), 41.9 (CH2). MS
(EI, m/z (%)): 470/472 (M+/M+2+, 15/6), 359 (25), 331 (51), 153 (24), 94 (100), 39 (72). Anal.
calcd. for C22H19ClN4O4S: C, 56.11; H, 4.07; N, 11.90; S, 6.81. Found: C, 56.01; H, 4.22; N,
11.98; S, 6.73.

5-(5-(4-Chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-2,4-dimethoxybenzenesulfonamide
(22c)

White solid; 86% yield; m.p. 269–271 ◦C. FTIR (ATR) υ(cm−1): 3319 and 3219 (N-H),
3122 (C-H Ar), 2847 (-(C=O)-H), 1651 (C=O), 1602 (C=N), 1590 (C=C), 1146 (S=O). 1H NMR
(400 MHz, DMSO-d6) δ ppm 8.89 (s, 1H, CHO), 8.25 (s, 1H, H6A), 7.40 (d, J = 8.5 Hz, 2H,
H3D), 7.24 (d, J = 8.5 Hz, 2H, H2D), 7.09 (s, 2H, NH2), 6.82 (s, 1H, H3A), 5.48 (dd, J = 11.7,
4.8 Hz, 1H, HX), 3.99 (s, 3H, 4A-CH3), 3.97–3.88 (m, 4H, 2A-CH3 and HM), 3.15 (dd, J = 18.7,
4.8 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-d6) δ ppm 162.2 (C), 159.7 (CHO), 159.2 (C),
154.3 (C), 140.4 (C), 132.0 (C), 128.8 (CH), 128.2 (CH), 127.6 (CH), 124.2 (C), 110.8 (C), 97.3
(CH), 57.7 (CH), 56.6 (CH3), 56.5 (CH3), 45.3 (CH2). MS (EI, m/z (%)): 423/425 (M+/M+2+,
100/50), 284 (69), 243 (83), 162 (56), 89 (50), 77 (43). Anal. calcd. for C18H18ClN3O5S: C,
51.01; H, 4.28; N, 9.91; S, 7.56. Found: C, 50.99; H, 4.35; N, 9.97; S, 7.39.
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N,N-bis(2-Chloroethyl)-5-(5-(4-chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-2,4
-dimethoxybenzenesulfonamide (22d)

White solid; 91% yield; m.p. 222–224 ◦C. FTIR (ATR) υ(cm−1): 2971 (C-H Ar), 2844
(-(C=O)-H), 1665 (C=O), 1605 (C=N), 1558 (C=C), 1152 (S=O). 1H NMR (400 MHz, CDCl3) δ
ppm 8.93 (s, 1H, CHO), 8.47 (s, 1H, H6A), 7.31 (d, J = 8.4 Hz, 2H, H3D), 7.19 (d, J = 8.4 Hz, 2H,
H2D), 6.49 (s, 1H, H3A), 5.43 (dd, J = 11.8, 4.9 Hz, 1H, HX), 4.00 (s, 3H, 4A-CH3), 3.93–3.83
(m, 4H, 2A-CH3 and HM), 3.64 (s, 8H, N-CH2 and Cl-CH2), 3.26 (dd, J = 18.6, 4.9 Hz, 1H,
HA). 13C NMR (101 MHz, CDCl3) δ ppm 163.2 (C), 160.3 (CHO), 159.8 (C), 153.7 (C), 139.4
(C), 133.8 (C), 132.8 (CH), 129.3 (CH), 127.3 (CH), 120.6 (C), 112.7 (C), 95.9 (CH), 58.5 (CH),
56.5 (CH3), 56.2 (CH3), 51.2 (CH2), 45.6 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 549 (M+, 100),
343 (37), 315 (37), 178 (32), 42 (36). Anal. calcd. for C22H24Cl3N3O5S: C, 48.14; H, 4.41; N,
7.66; S, 5.84. Found: C, 48.02; H, 4.52; N, 7.70; S, 5.71.

3.2.12. General Procedure for the Synthesis of Pyrazoline–Sulfonamide Hybrids 23a-d

A mixture of the corresponding chalcone (16-18)b or 21b (0.27 mmol) and hydrazine
monohydrate (5.3 mmol) in ethanol (1.0 mL) was heated at reflux for 0.67 h. The reaction
mixture was cooled, then 1.0 mL of acetic anhydride was carefully added and stirred
overnight. The product was filtered and washed with small portions of water and ethanol.
Compounds 23a-d did not require further purification.

5-(1-Acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2-methoxybenzenesulfonamide
(23a)

White solid; 71% yield; m.p. 229–232 ◦C. FTIR (ATR) υ(cm−1): 3384 and 3281 (N-H),
3049 (C-H Ar), 1675 (C=O), 1605 (C=N), 1591 (C=C), 1153 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 8.17 (d, J = 2.4 Hz, 1H, H6A), 7.87 (dd, J = 8.7, 2.4 Hz, 1H, H4A), 7.37 (d, J
= 8.2 Hz, 2H, H2D), 7.27 (d, J = 8.7 Hz, 1H, H3A), 7.24–7.16 (m, 4H, NH2 and H3D), 5.53 (dd,
J = 11.6, 4.3 Hz, 1H, HX), 3.94 (s, 3H, OCH3), 3.85 (dd, J = 18.0, 11.6 Hz, 1H, HM), 3.09 (dd, J
= 18.0, 4.3 Hz, 1H, HA), 2.28 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 167.8 (C),
157.7 (C), 153.5 (C), 141.4 (C), 132.6 (CH), 132.0 (C), 131.9 (C), 128.8 (CH), 127.7 (CH), 125.8
(CH), 123.0 (C), 113.2 (CH), 59.2 (CH), 56.7 (CH3), 42.1 (CH2), 21.9 (CH3). MS (EI, m/z (%)):
407/409 (M+/M+2+, 34/13), 365 (100), 254 (23), 213 (23), 57 (25), 43 (79). Anal. calcd. for
C18H18ClN3O4S: C, 53.01; H, 4.45; N, 10.30; S, 7.86. Found: C, 52.98; H, 4.33; N, 10.51; S,
7.92.

5-(L-acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2-methoxy-N-(pyridin-3-yl)
benzenesulfonamide (23b)

White solid; 80% yield; m.p. 265–268 ◦C. FTIR (ATR) υ(cm−1): 3196 (N-H), 3027 (C-H
Ar), 1646 (C=O), 1606 (C=N), 1596 (C=C), 1156 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 10.42 (s, 1H, NH), 8.32 (s, 1H, H2B), 8.24–8.16 (m, 2H, H6A and H6B), 7.87 (d, J = 8.7 Hz,
1H, H4A), 7.51 (d, J = 8.3 Hz, 1H, H4B), 7.36 (d, J = 8.0 Hz, 2H, H3D), 7.30–7.24 (m, 2H,
H3A and H5B), 7.20 (d, J = 8.0 Hz, 2H, H2D), 5.51 (dd, J = 12.0, 4.8 Hz, 1H, HX), 3.90 (s, 3H,
OCH3), 3.82 (dd, J = 18.1, 12.0 Hz, 1H, HM), 3.12 (dd, J = 18.1, 4.8 Hz, 1H, HA), 2.28 (s, 3H,
CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 167.5 (C), 157.5 (C), 152.9 (C), 145.2 (CH),
141.6 (CH), 141.2 (C), 134.4 (C), 133.8 (CH), 131.7 (C), 128.6 (CH), 127.7 (CH), 127.6 (CH),
127.3 (CH), 126.9 (C), 124.0 (CH), 123.3 (C), 113.4 (CH), 59.1 (CH), 56.6 (CH3), 41.9 (CH2),
21.7 (CH3). MS (EI, m/z (%)): 484/485 (M+/M+2+, 10/4), 373 (17), 331 (36), 153 (18), 94 (56),
43 (100). Anal. calcd. for C23H21ClN4O4S: C, 56.96; H, 4.36; N, 11.55; S, 6.61. Found: C,
57.06; H, 4.25; N, 11.30; S, 6.69.

5-(L-acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2,4-dimethoxybenzenesulfonamide
(23c)

White solid; 86% yield; m.p. 159–161 ◦C. FTIR (ATR) υ(cm−1): 3441 and 3352 (N-H),
3021 (C-H Ar), 1654 (C=O), 1602 (C=N), 1582 (C=C), 1157 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 8.23 (s, 1H, H6A), 7.38 (d, J = 8.5 Hz, 2H, H3D), 7.19 (d, J = 8.5 Hz, 2H,
H2D), 7.08 (s, 2H, NH2), 6.82 (s, 1H, H3D), 5.48 (dd, J = 11.8, 4.4 Hz, 1H, HX), 3.98 (s, 3H,
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4A-OCH3), 3.93–3.85 (m, 4H, 2A-OCH3 and HM), 3.08 (dd, J = 18.6, 4.4 Hz, 1H, HA), 2.26 (s,
3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 167.3 (C), 162.1 (C), 159.0 (C), 152.6 (C),
141.5 (C), 131.7 (C), 128.6 (CH), 128.2 (CH), 127.4 (CH), 124.1 (C), 111.2 (C), 97.3 (CH), 58.7
(CH), 56.6 (CH3), 56.5 (CH3), 45.1 (CH2), 21.7 (CH3). MS (EI, m/z (%)): 437/439 (M+/M+2+,
27/10), 395 (45), 284 (13), 243 (14), 57 (27), 43 (100). Anal. calcd. for C19H20ClN3O5S: C,
52.12; H, 4.60; N, 9.60; S, 7.32. Found: C, 52.25; H, 4.51; N, 9.72; S, 7.19.

5-(L-acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-N,N-bis(2-chloroethyl)-2,4
-dimethoxybenzenesulfonamide (23d)

White solid; 90% yield; m.p. 196–198 ◦C. FTIR (ATR) υ(cm−1): 2976 (C-H Ar), 1643
(C=O), 1600 (C=N), 1576 (C=C), 1140 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm 8.45 (s, 1H,
H6A), 7.28 (d, J = 8.1 Hz, 2H H3D), 7.16 (d, J = 8.1 Hz, 2H, H2D), 6.48 (s, 1H, H3A), 5.49 (dd,
J = 11.9, 4.7 Hz, 1H, HX), 4.00 (s, 3H, 4A-OCH3), 3.91 (s, 3H, 2A-OCH3), 3.82 (dd, J = 18.5,
11.9 Hz, 1H, HM), 3.65 (s, 8H, N-CH2 and Cl-CH2), 3.20 (dd, J = 18.5, 4.7 Hz, 1H, HA), 2.40
(s, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 169.1 (C), 163.1 (C), 159.6 (C), 151.9 (C), 140.7
(C), 133.4 (C), 132.7 (CH), 129.1 (CH), 127.2 (CH), 120.5 (C), 113.3 (C), 95.9 (CH), 59.5 (CH),
56.5 (CH3), 56.2 (CH3), 51.3 (CH2), 45.4 (CH2), 42.4 (CH2), 22.1 (CH3). MS (EI, m/z (%)):
563 (7), 519 (12), 243 (8), 71 (17), 43 (100). Anal. calcd. for C23H26Cl3N3O5S: C, 49.08; H,
4.66; N, 7.47; S, 5.70. Found: C, 49.15; H, 4.39; N, 7.60; S, 5.48.

3.2.13. General Procedure for the Synthesis of Pyrazoline–Sulfonamide Hybrids 24a-b

A mixture of the respective chalcone 14a-b (0.21 mmol) and hydrazine monohydrate
(4.2 mmol) in ethanol (1.0 mL) was stirred at room temperature for 3 h, CCD analysis
revealed consumption of the precursor and formation of several products. Subsequently,
1.0 mL of formic acid was slowly added and stirred at room temperature for an additional
4 h; water was added to the mixture and the precipitate formed was filtered and washed
with water. Both products were purified by CC using silica gel as stationary phase, and
CHCl3:MeOH (15:1) mixture was employed as mobile phase for compound 24a and a
DCM:MeOH (20:1) mixture for compound 24b.

5-(5-(4-Chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-N’-isonicotinoyl-2
-methoxybenzenesulfonohydrazide (24a)

Pale yellow solid; 73% yield; m.p. 156–158 ◦C. FTIR (ATR) υ(cm−1): 3214 (N-H), 3038
(C-H Ar), 2841 (-(C=O)-H), 1655 (C=O), 1649 (C=O), 1603 (C=N), 1163 (S=O). 1H NMR
(400 MHz, DMSO-d6) δ ppm 10.95 (s, 1H, S-NH), 9.88 (s, 1H, C-NH), 8.87 (s, 1H, CHO),
8.69 (d, J = 6.1 Hz, 2H, H2C), 8.19 (d, J = 2.3 Hz, 1H, H6A), 7.89 (dd, J = 8.7, 2.3 Hz, 1H, H4A),
7.58 (d, J = 6.1 Hz, 2H, H3C), 7.38 (d, J = 8.5 Hz, 2H, H3D), 7.30 (d, J = 8.7 Hz, 1H, H3A), 7.23
(d, J = 8.5 Hz, 2H, H2D), 5.51 (dd, J = 11.8, 5.0 Hz, 1H, HX), 3.96 (s, 3H, OCH3), 3.88 (dd,
J = 18.1, 11.8 Hz, 1H, HM), 3.18 (dd, J = 18.1, 5.0 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-
d6) δ ppm 164.1 (C), 159.7 (CHO), 159.0 (C), 154.8 (C), 150.4 (CH), 140.1 (C), 138.9 (C), 133.7
(CH), 132.0 (C), 128.6 (CH), 127.8 (CH), 127.7 (C), 127.5 (CH), 122.2 (C), 121.2 (CH), 113.4
(CH), 58.0 (CH), 56.8 (CH3), 42.0 (CH2). MS (EI, m/z (%)): 513/515 (M+/M+2+, 14/6), 314
(43), 123 (43), 106 (95), 85 (100), 47 (78). Anal. calcd. for C23H20ClN5O5S: C, 53.75; H, 3.92;
N, 13.63; S, 6.24. Found: C, 53.96; H, 3.85; N, 13.41; S, 6.20.

5-(5-(4-Chlorophenyl)-1-formyl-4,5-dihydro-1H-pyrazol-3-yl)-N’-isonicotinoyl-2,4
-dimethoxybenzenesulfonohydrazide (24b)

White solid; 56% yield; m.p. 166–168 ◦C. FTIR (ATR) υ(cm−1): 3166 (N-H), 2945 (C-H
Ar), 2829 (-(C=O)-H), 1654 (C=O), 1647 (C=O), 1601 (C=N), 1167 (S=O). 1H NMR (400 MHz,
DMSO-d6) δ ppm 10.95 (s, 1H, S-NH), 9.74 (s, 1H, C-NH), 8.86 (s, 1H, CHO), 8.70 (d,
J = 5.4 Hz, 2H, H2C), 8.22 (s, 1H, H6A), 7.59 (d, J = 5.4 Hz, 2H, H3C), 7.37 (d, J = 8.3 Hz, 2H,
H3D), 7.20 (d, J = 8.3 Hz, 2H, H2D), 6.81 (s, 1H, H3A), 5.45 (dd, J = 11.6, 4.5 Hz, 1H, HX), 3.98
(s, 3H, 4A-OCH3), 3.93–3.85 (m, 4H, 2A-OCH3 and HM), 3.10 (dd, J = 18.7, 4.5 Hz, 1H, HA).
13C NMR (101 MHz, DMSO-d6) δ ppm 164.1 (C), 163.2 (C), 160.8 (C), 159.7 (CHO), 154.0
(CH), 150.4 (C), 140.4 (C), 139.0 (C), 132.0 (C), 130.3 (CH), 128.7 (CH), 127.6 (CH), 121.3 (CH),
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119.5 (C), 110.8 (C), 97.5 (CH), 57.7 (CH), 57.0 (CH3), 56.6 (CH3), 45.2 (CH2). MS (EI, m/z
(%)): 544 (M+, 0.1), 531 (48), 460 (53), 341 (51), 43 (100). Anal. calcd. for C24H22ClN5O6S: C,
52.99; H, 4.08; N, 12.87; S, 5.89. Found: C, 53.05; H, 4.13; N, 12.66; S, 5.71.

3.2.14. General Procedure for the Synthesis of Pyrazoline–Sulfonamide Hybrids 25a-b

A mixture of the respective chalcone 14a-b (0.21 mmol) and hydrazine monohydrate
(4.2 mmol) in ethanol (1.0 mL) was stirred at room temperature for 3 h. Next, 1.0 mL of
acetic anhydride was carefully added and stirred at room temperature for additional 4 h;
water was added to the reaction mixture and the precipitate was filtered and washed with
water. The products were purified by CC on silica gel, using a CHCl3:MeOH (15:1) mixture
as eluent for compound 25a and a DCM:MeOH (20:1) mixture for compound 25b.

5-(1-Acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-N’-isonicotinoyl-2
-methoxybenzenesulfonohydrazide (25a)

Beige solid; 51% yield; m.p. 146–148 ◦C. FTIR (ATR) υ(cm−1): 3207 (N-H), 3014 (C-H
Ar), 1655 (C=O), 1638 (C=O), 1603 (C=N), 1164 (S=O). 1H NMR (400 MHz, DMSO-d6) δ
ppm 10.95 (s, 1H, S-NH), 9.87 (s, 1H, C-NH), 8.69 (d, J = 5.7 Hz, 2H, H2C), 8.16 (d, J = 2.3 Hz,
1H, H6A), 7.89 (dd, J = 8.7, 2.3 Hz, 1H, H4A), 7.59 (d, J = 5.7 Hz, 2H, H3C), 7.35 (d, J = 8.1 Hz,
2H, H3D), 7.29 (d, J = 8.7 Hz, 1H, H3A), 7.18 (d, J = 8.1 Hz, 2H, H2D), 5.51 (dd, J = 11.9,
4.7 Hz, 1H, HX), 3.96 (s, 3H, OCH3), 3.83 (dd, J = 18.1, 11.9 Hz, 1H, HM), 3.10 (dd, J = 18.1,
4.7 Hz, 1H, HA), 2.27 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6) δ ppm 167.4 (C), 164.1
(C), 158.8 (C), 153.0 (C), 150.3 (CH), 141.2 (C), 138.9 (C), 133.5 (CH), 131.7 (C), 128.5 (CH),
127.8 (C), 127.5 (CH), 127.4 (CH), 122.6 (C), 121.2 (CH), 113.4 (CH), 58.9 (CH), 56.8 (CH),
41.9 (CH2), 21.7 (CH3). MS (EI, m/z (%)): 527/529 (M+/M+2+, 0.5/0.2), 328 (39), 286 (64),
106 (64), 78 (65), 43 (100). Anal. calcd. for C24H22ClN5O5S: C, 54.60; H, 4.20; N, 13.26; S,
6.07. Found: C, 54.79; H, 4.07; N, 13.35; S, 6.14.

5-(L-acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-N’-isonicotinoyl-2,4
-dimethoxybenzenesulfonohydrazide (25b)

White solid; 52% yield; m.p. 159–160 ◦C. FTIR (ATR) υ(cm−1): 3235 (N-H), 2927 (C-H
Ar), 1675 (C=O), 1626 (C=O), 1600 (C=N), 1162 (S=O). 1H NMR (400 MHz, DMSO-d6) δ ppm
10.97 (s, 1H, S-NH), 9.77 (s, 1H, C-NH), 8.73–8.69 (m, 2H, H2C), 8.22 (s, 1H, H6A), 7.63–7.59
(m, 2H, H3C), 7.37 (d, J = 8.3 Hz, 2H, H3D), 7.17 (d, J = 8.3 Hz, 2H, H2D), 6.82 (s, 1H, H3A),
5.47 (dd, J = 11.9, 4.5 Hz, 1H, HX), 3.99 (s, 3H, 4A-OCH3), 3.93–3.82 (m, 4H, 2A-OCH3 and
HM), 3.05 (dd, J = 18.7, 4.5 Hz, 1H HA), 2.26 (s, 3H, CH3). 13C NMR (101 MHz, DMSO-d6)
δ ppm 167.3 (C), 164.1 (C), 163.1 (C), 160.7 (C), 152.3 (C), 150.4 (CH), 141.5 (C), 139.1 (C),
131.7 (C), 130.3 (CH), 128.6 (CH), 127.4 (CH), 121.3 (CH), 119.4 (C), 111.2 (C), 97.4 (CH), 58.7
(CH), 56.9 (CH3), 56.6 (CH3), 45.1 (CH2), 21.7 (CH3). MS (EI, m/z (%)): 558 (M+, 0.1), 358
(60), 316 (55), 106 (53), 43 (100). Anal. calcd. for C25H24ClN5O6S: C, 53.81; H, 4.34; N, 12.55;
S, 5.75. Found: C, 53.69; H, 4.30; N, 12.32; S, 5.93.

3.2.15. General Procedure for the Synthesis of Carbothioamide–Sulfonamide Hybrids 27a-f

To a mixture of the corresponding chalcone (16-21)b (0.24 mmol) and thiosemicar-
bazide 26 (0.26 mmol) in ethanol (1.0 mL), 3 drops of 50% w/v NaOH were added and stirred
at 60 ◦C. After completion of the reaction, water was added, the medium was neutralized
with aqueous 10% v/v HCl, and the solid formed was filtered and washed with water.
Purification of the products was carried out by CC on silica gel, using a CHCl3:MeOH (15:1)
mixture as the mobile phase.

5-(4-Chlorophenyl)-3-(4-methoxy-3-sulfamoylphenyl)-4,5-dihydro-1H-pyrazole-1
-carbothioamide (27a)

Beige solid; 36% yield; m.p. 206–208 ◦C. FTIR (ATR) υ(cm−1): 3503 and 3384 (N-H),
3326 (N-H), 3080 (C-H Ar), 3256 (N-H), 1604 (C=N), 1567 (C=C), 1162 (S=O). 1H NMR
(400 MHz, DMSO-d6) δ ppm 8.20 (d, J = 2.3 Hz, 1H, H6A), 8.07–8.03 (m, 2H, C-NH and H4A),
7.94 (s, 1H, C-NH), 7.39 (d, J = 8.1 Hz, 2H, H3D), 7.31 (d, J = 8.7 Hz, 1H, H3A), 7.21–7.14 (m,



Int. J. Mol. Sci. 2022, 23, 12589 30 of 37

4H, H2D and NH2), 5.95 (dd, J = 11.4, 3.5 Hz, 1H, HX), 4.01–3.88 (m, 4H, HM and OCH3),
3.14 (dd, J = 17.9, 3.5 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-d6) δ 176.0 (C), 157.7 (C),
154.0 (C), 141.9 (C), 132.6 (CH), 131.7 (C), 131.4 (C), 128.5 (CH), 127.3 (CH), 126.3 (CH), 122.6
(C), 113.1 (CH), 62.4 (CH), 56.5 (CH3), 42.2 (CH2). MS (EI, m/z (%)): 424/426 (M+/M+2+,
5/2), 365 (16), 211 (22), 71 (54), 57 (100), 43 (85). Anal. calcd. for C17H17ClN4O3S2: C, 48.05;
H, 4.03; N, 13.19; S, 15.09. Found: C, 47.96; H, 4.12; N, 13.27; S, 15.11.

5-(4-Chlorophenyl)-3-(4-methoxy-3-(N-(pyridin-3-yl)sulfamoyl)phenyl)-4,5-dihydro-1H
-pyrazole-1-carbothioamide (27b)

Pale yellow solid; 33% yield; m.p. 236–238 ◦C. FTIR (ATR) υ(cm−1): 3433 and
3352 (N-H), 3069 (C-H Ar), 3269 (N-H), 1601 (C=N), 1584 (C=C), 1162 (S=O). 1H NMR
(400 MHz, DMSO-d6) δ ppm 10.36 (s, 1H, S-NH), 8.32 (s, 1H, H2B), 8.26 (s, 1H, H6A), 8.20 (d,
J = 4.8 Hz, 1H, H6B), 8.05–7.97 (m, 3H, H4A and C-NH2), 7.50 (d, J = 8.3 Hz, 1H, H4B), 7.36 (d,
J = 8.1 Hz, 2H, H3D), 7.28–7.23 (m, 2H, H3A and H5B), 7.14 (d, J = 8.1 Hz, 2H, H2D), 5.89 (dd,
J = 11.2, 3.7 Hz, 1H, HX), 3.94–3.84 (m, 4H, HM and OCH3), 3.13 (dd, J = 18.0, 3.7 Hz, 1H,
HA). 13C NMR (101 MHz, DMSO-d6) δ ppm 176.1 (C), 157.7 (C), 153.5 (C), 145.0 (CH), 141.9
(C), 141.4 (CH), 134.4 (C), 134.1 (CH), 131.4 (C), 128.5 (CH), 128.4 (CH), 127.4 (CH), 126.9
(CH), 126.8 (C), 123.9 (CH), 123.1 (C), 113.3 (CH), 62.4 (CH), 56.6 (CH3), 42.1 (CH2). MS (EI,
m/z (%)): 502/504 (M+/M+2+, 2/1), 468 (13), 441 (74), 413 (25), 331 (100), 290 (26). Anal.
calcd. for C22H20ClN5O3S2: C, 52.64; H, 4.02; N, 13.95; S, 12.77. Found: C, 52.37; H, 4.15; N,
14.09; S, 12.48.

5-(4-Chlorophenyl)-3-(3-((2-isonicotinoylhydrazineyl)sulfonyl)-4-methoxyphenyl)-4,5
-dihydro-1H-pyrazole-1-carbothioamide (27c)

Pale yellow solid; 35% yield; m.p. 216–218 ◦C. FTIR (ATR) υ(cm−1): 3459 and 3339 (N-
H), 3237 (N-H), 3082 (C-H Ar), 1689 (C=O), 1604 (C=N), 1584 (C=C), 1166 (S=O). 1H
NMR (400 MHz, DMSO-d6) δ ppm 10.93 (s, 1H, S-NH), 9.85 (s, 1H, C-NH), 8.67 (d,
J = 5.2 Hz, 2H, H2C), 8.21 (d, J = 2.2 Hz, 1H, H6A), 8.07–7.92 (m, 3H, H4A and NH2),
7.58 (d, J = 5.2 Hz, 2H, H3C), 7.34 (d, J = 8.1 Hz, 2H, H3D), 7.29 (d, J = 8.8 Hz, 1H, H3A), 7.11
(d, J = 8.1 Hz, 2H, H2D), 5.89 (dd, J = 11.6, 3.5 Hz, 1H, HX), 3.97 (s, 3H, OCH3), 3.88 (dd,
J = 18.1, 11.6 Hz, 1H, HM), 3.10 (dd, J = 18.1, 3.5 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-
d6) δ ppm 176.0 (C), 164.2 (C), 159.0 (C), 153.8 (C), 150.3 (CH), 141.9 (C), 138.9 (C), 133.9
(CH), 131.4 (C), 128.4 (CH), 127.95 (CH), 127.87 (C), 127.3 (CH), 122.4 (C), 121.3 (CH), 113.4
(CH), 62.4 (CH), 56.8 (CH3), 42.2 (CH2). MS (EI, m/z (%)): 545 (M+, 0.1), 211 (22), 106 (49),
78 (60), 60 (82), 43 (100). Anal. calcd. for C23H21ClN6O4S2: C, 50.69; H, 3.88; N, 15.42; S,
11.76. Found: C, 50.80; H, 3.95; N, 15.36; S, 11.61.

5-(4-Chlorophenyl)-3-(2,4-dimethoxy-5-sulfamoylphenyl)-4,5-dihydro-1H-pyrazole-1
-carbothioamide (27d)

Pale yellow solid; 34% yield; m.p. 223–225 ◦C. FTIR (ATR) υ(cm−1): 3431 and 3255
(N-H), 3067 (C-H Ar), 1601 (C=N), 1576 (C=C), 1151 (S=O). 1H NMR (400 MHz, DMSO-d6)
δ ppm 8.30 (s, 1H, H6A), 8.00 (s, 1H, C-NH), 7.65 (s, 1H, C-NH), 7.37 (d, J = 8.2 Hz, 2H,
H3D), 7.14 (d, J = 8.2 Hz, 2H, H2D), 7.05 (s, 2H, S-NH2), 6.80 (s, 1H, H3A), 5.87 (dd, J = 11.4,
3.2 Hz, 1H, HX), 4.02–3.93 (m, 4H, 4A-CH3 and HM), 3.91 (s, 3H, 2A-CH3), 3.09 (dd, J = 18.7,
3.2 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-d6) δ ppm 175.8 (C), 162.3 (C), 159.2 (C), 153.7
(C), 142.0 (C), 131.4 (C), 128.53 (CH), 128.47 (CH), 127.2 (CH), 124.3 (C), 110.8 (C), 97.2 (CH),
62.1 (CH), 56.6 (CH3), 56.5 (CH3), 45.5 (CH2). MS (EI, m/z (%)): 454/456 (M+/M+2+, 6/3),
395 (17), 127 16), 85 (22), 60 (51), 43 (100). Anal. calcd. for C18H19ClN4O4S2: C, 47.52; H,
4.21; N, 12.32; S, 14.09. Found: C, 47.36; H, 4.11; N, 12.49; S, 14.07.

3-(5-(N,N-bis(2-Chloroethyl)sulfamoyl)-2,4-dimethoxyphenyl)-5-(4-chlorophenyl)-4,5
-dihydro-1H-pyrazole-1-carbothioamide (27e)

Beige solid; 34% yield; m.p. 196–198 ◦C. FTIR (ATR) υ(cm−1): 3405 and 3254 (N-H),
3152 (C-H Ar), 1595 (C=N), 1579 (C=C), 1148 (S=O). 1H NMR (400 MHz, CDCl3) δ ppm
8.46 (s, 1H, H6A), 7.30 (d, J = 8.4 Hz, 2H, H3D), 7.20–7.05 (m, 3H, H2D and C-NH), 6.47 (s,
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1H, H3A), 6.08 (s, 1H, C-NH), 5.94 (dd, J = 11.5, 3.5 Hz, 1H, HX), 4.01 (s, 3H, 4A-OCH3),
3.96–3.87 (m, 4H, 2A-OCH3 and HM), 3.65 (s, 8H, N-CH2 and Cl-CH2), 3.25 (dd, J = 18.5,
3.5 Hz, 1H, HA). 13C NMR (101 MHz, CDCl3) δ ppm 176.7 (C), 163.5 (C), 160.0 (C), 154.0
(C), 140.6 (C), 133.4 (C), 132.7 (CH), 129.2 (CH), 127.1 (CH), 120.7 (C), 112.4 (C), 95.9 (CH),
63.0 (CH), 56.6 (CH3), 56.3 (CH3), 51.2 (CH2), 46.1 (CH2), 42.4 (CH2). MS (EI, m/z (%)): 580
(M+, 3), 211 (32), 102 (59), 50 (100), 42 (94). Anal. calcd. for C22H25Cl3N4O4S2: C, 45.56; H,
4.35; N, 9.66; S, 11.06. Found: C, 45.72; H, 4.21; N, 9.45; S, 11.24.

5-(4-Chlorophenyl)-3-(5-((2-isonicotinoylhydrazineyl)sulfonyl)-2,4-dimethoxyphenyl)
-4,5-dihydro-1H-pyrazole-1-carbothioamide (27f)

Yellow solid; 60% yield; m.p. 180–182 ◦C. FTIR (ATR) υ(cm−1): FTIR (ATR) υ(cm−1):
3554 and 3449 (N-H), 3317 (N-H), 3154 (C-H Ar), 1677 (C=N), 1582 (C=C), 1159 (S=O).
1H NMR (400 MHz, DMSO-d6) δ ppm 10.91 (s, 1H, S-NH), 9.69 (s, 1H, C-NH), 8.68 (d,
J = 5.7 Hz, 2H, H2C), 8.32 (s, 1H, H6A), 8.00 (s, 1H, S=C-NH), 7.74 (s, 1H, S=C-NH), 7.59
(d, J = 5.7 Hz, 2H, H3C), 7.33 (d, J = 8.2 Hz, 2H, H3D), 7.10 (d, J = 8.2 Hz, 2H, H2D), 6.79
(s, 1H, H3A), 5.83 (dd, J = 11.4, 3.3 Hz, 1H, HX), 3.99 (s, 3H, 4A-OCH3), 3.94–3.86 (m, 4H,
2A-OCH3 and HM), 3.05 (dd, J = 18.6, 3.3 Hz, 1H, HA). 13C NMR (101 MHz, DMSO-d6) δ
175.8 (C), 164.2 (C), 163.2 (C), 160.8 (C), 153.3 (C), 150.3 (CH), 142.0 (C), 139.0 (C), 131.3 (C),
130.5 (CH), 128.4 (CH), 127.2 (CH), 121.3 (CH), 119.8 (C), 110.9 (C), 97.4 (CH), 62.0 (CH),
56.9 (CH3), 56.5 (CH3), 45.5 (CH2). MS (EI, m/z (%)): 575 (M+, 0.6), 473 (10), 315 (30), 106
(82), 43 (100). Anal. calcd. for C24H23ClN6O5S2: C, 50.13; H, 4.03; N, 14.61; S, 11.15. Found:
C, 50.06; H, 4.24; N, 14.60; S, 11.39.

3.3. Anticancer Activity

All compounds selected by the US National Cancer Institute (NCI) were initially tested
at a single dose (10−5 M) on the full panel of 60 cancer cell lines represented by leukemia,
melanoma, lung, colon, central nervous system (CNS), ovarian, kidney, prostate and breast
cancer. Only compounds that were able to satisfy the predetermined inhibition criteria
against a minimum number of cell lines proceeded to five-dose assays (100, 10, 1.0, 1.0, 0.1
and 0.01 µM).

In these studies, human cancer cell lines were cultured in a RPMI-1640 medium
containing 5% fetal bovine serum and 2 mM of L-glutamine. Following the protocol for a
typical assay, cells were inoculated into 96-well plates and incubated at 37 ◦C, 5% CO2, 95%
air, and 100% relative humidity for 24 h prior to the addition of the compounds to be tested.
After 24 h, two plates of each cell line were fixed in situ with trichloroacetic acid (TCA) to
represent a measure of the cell population for each cell line at the time of sample addition
(Tz). Compounds were dissolved in DMSO to 400-fold the maximum desired concentration
for analysis and subsequently diluted to twice the maximum desired concentration with
medium containing 50 µg/mL gentamicin. An additional series of four dilutions at 10-fold
concentration was performed to provide a total of five concentrations of the compound plus
the control. Aliquots of 100 µL of these dilutions were taken and added to 96-well plates
already containing 100 µL of the medium, resulting in the final required concentrations of
the sample. The plates were incubated for 48 h at the same conditions. For adherent cells,
the assay was terminated with the addition of cold TCA. Cells were fixed in situ by the
slow addition of 50 µL of 50% (w/v) cold ATC (final concentration, 10% TCA) and incubated
for 60 min at 4 ◦C. The supernatant was discarded, and the plates were washed five times
with tap water and air dried. A quantity of 100 µL of 0.4% (w/v) sulforhodamine B (SRB)
solution in 1% acetic acid was added to each well, and each plate was incubated for 10 min
at room temperature. Upon completion of staining, unbound pigment was removed by
five washes with 1% acetic acid and the plates were air-dried. The stains were solubilized
with 10 mM Trizma base and absorbance was recorded on an automated plate reader at
a wavelength of 515 nm. Using the absorbance measurements [time zero (Tz), growth
control in the absence of the sample and growth test in the presence of the sample at the
five concentration levels (Ti)], the percent growth was calculated for each sample at the
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concentration levels. The percent growth was calculated as: [(Ti − Tz)/(C − Tz)] × 100 for
concentrations for which Ti > Tz, and [(Ti − Tz)/Tz] × 100 for concentrations for which
Ti < Tz. Two dose-response parameters were calculated for each compound. The 50%
growth inhibition (GI50) was calculated from [(Ti − Tz)/(C − Tz)] × 100 = 50, which is the
sample concentration at which the net increase in protein is 50% lower in treated cells (as
measured by SRB staining) compared to the net increase in protein seen in control cells
and the LC50 (sample concentration at which a 50% reduction in protein measured at the
end of treatment compared to the beginning), indicating a net loss of cells; calculated from
[(Ti − Tz)/Tz] × 100 = −50. Values were calculated for each of these two parameters if
the activity level was reached; however, if the effect was not reached or was exceeded, the
value for that parameter was expressed as greater or less than the maximum or minimum
of the concentration tested [67].

3.4. Antituberculosis Activity

The agar dilution spot culture growth inhibition assay (SPOTi) [61] was performed to
evaluate the minimum inhibitory concentration (MIC) values of the synthesized compounds
against Mycobacterium bovis BCG and Mycobacterium tuberculosis H37Rv (ATCC 27294). A
stock solution of 100 mg/mL in DMSO of each compound was prepared and then dilutions
were made in DMSO until reaching concentrations of 10, 5, 1, 0.5, 0.1 and 0.01 mg/mL.
Initially, each compound was evaluated at a concentration of 10 mg/L. The compounds that
showed antitubercular activity at this concentration were evaluated at lower concentrations
(5, 1, 0.5, 0.1 and 0.01 mg/L). Antituberculosis activity was assessed in a 24-well plate, and
2 µL of the DMSO dilution from each compound was dispensed into each well. Two mL
of Middlebrook 7H10 culture medium (HiMedia, Mumbai, India) supplemented with
glycerol 0.5% and ADNaCl (Albumin, Dextrose and Sodium Chloride) for M. bovis BCG,
or with glycerol 0.5% with OADC (10% oleic acid, albumin, dextrose and catalase) for M.
tuberculosis were added to each well to reach desired concentration of the compounds in
solid medium. Dilutions of the bacterial cultures were prepared at a cell density of 106

CFU/mL in Middlebrook 7H9 from strains of M. bovis BCG and M. tuberculosis H37Rv
grown for 4 weeks in supplemented Middlebrook 7H9 medium at a temperature of 37 ◦C.
A volume of 2 µL of the inoculum was carefully dispensed into the middle of each well
and the plates were incubated at 37 ◦C for 2–3 weeks. Isoniazid was included as a positive
control at concentrations of 10, 1, 0.1, 0.1, 0.05 and 0.01 mg/L. The plates were carefully
observed, and MIC values were recorded as the lowest concentration of compound that
completely inhibited bacterial growth upon visual inspection [68]. The experiment was
performed in triplicate.

Growth curves were performed for M. tuberculosis H37Rv in liquid medium Middle-
brook 7H9 supplemented with glycerol 0.5% with OADC (10% oleic acid, albumin, dextrose
and catalase). The compounds 20e and 20f were added from the start of the experiment
at the desired concentration from the prepared dilutions in DMSO. The day of the start of
the experiment and every 7 days until day 21, an aliquot of 1 mL was removed from the
medium and optical density was measured at 600 nm using an equipment MultiskanTM

FC Microplate Photometer. In addition, every day of measurement of optical density, an
aliquot of the liquid culture was removed, ten-fold diluted to 10−4 with supplemented
Middlebrook 7H9 medium, and each ten-fold dilution plated in Petri dishes by triplicate
in supplemented Middlebrook 7H10 agar media without compounds or antibiotics. After
3 weeks of incubation the number of colonies were counted in each Petri dish.

Compounds displaying MIC values < 10 mg/L against M. tuberculosis H37Rv were
also evaluated against six resistant strains of M. tuberculosis using the same agar dilution
method: An orphan strain, a rifampicin-resistant strain (ATCC 35838), an isoniazid-resistant
strain (ATCC 35822), and three multi-resistant strains (Haarlem, LAM9 SIT 42, Beijing).
Levofloxacin was used as a positive control and DMSO as a negative control.
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3.5. Cytotoxicity on Vero Cell Line

The VERO African green monkey kidney cell line (ATCC CCL-81) was cultured in
Gibco RPMI Media 1640 culture medium, supplemented with 10% Fetal Bovine Serum
(FBS), and 0.1% antibiotics (penicillin, streptomycin) 50 µg/mL. The cells were kept at
37 ◦C, 5% CO2 and 100% relative humidity, until obtaining a 70% confluence.

To evaluate the cytotoxic effect of the compounds, a cell viability test was performed,
using the MTT reductase assay [69], which consisted of sowing in a plate of 96 wells, a
cell density of 104 in each well with supplemented medium. The cells were then treated
(in triplicate) with compounds that had an MIC less than or equal to 10µg/mL. The cells
were exposed for 24 h to each compound in different concentrations (0.1, 0.5, 1, 5, 10, 20,
50, and 100 µM). After 24 h the compound was removed and the cells were washed with
PBS 0.01M, then 150 µL of freshly prepared MTT (0.25 mg/mL) was added to each well
and incubated for 3–4 h, until the presence of formazan was noticed in the negative control,
then the MTT was removed and 100 µL of DMSO was added to dissolve the formazan.
For this to dissolve, it was left at room temperature for 10 min. Next, a reading at 560 nm
in a FLUOROstar® Omega multiplied reader (BMG Labtech, Ortenberg, Germany) was
performed. IC50 values were determined by interpolation from mean absorbance data of
100% viability (negative control) [70].

3.6. Synergism

Synergism assays were performed to compare the MICs of antituberculosis drugs alone
and in combination with the compounds that presented lower MICs against M. tuberculosis
H37Rv (20a and 20f). The experimental protocol known as a “checkerboard” assay described
by Ying et al. in 2021 [71] was employed for this purpose. The synergism assays were car-
ried out in 96-well plates with Middlebrook 7H9 medium supplemented with OADC. The
drugs and compounds were evaluated at different ranges of concentrations according to their
potency: rifampin 0.048 mg/L to 0.78 mg/L, isoniazid 0.006 mg/L to 1 mg/L, levofloxacin
0.063 mg/L to 1 mg/L, amikacin 0.188 mg/L to 3 mg/L, and compounds 20e and 20f from
0.625 mg/L to 20 mg/L. Plate readings were performed in a MultiskanTM FC multiplate pho-
tometer (Thermo ScientificTM, Singapore) at 540 nm. The fractional inhibitory concentration
index (FICI) was calculated using the formula: FICI = (MICAB/MICA) + (MICBA/MICB),
where MICAB is the MIC of A in the presence of B, and MICBA is the MIC of B in the presence
of A, and MICA is the MIC of A, and MICB is the MIC of B. Synergism is suggested by a FICI
index ≤ 0.5, whereas a FICI index ≥ 4.0 suggests antagonism. A FICI index between 0.5 and
4.0, suggests no interaction between the active ingredients [72].

4. Conclusions

Five new series of chalcone–sulfonamide hybrids (16-20) a-f were synthesized via Claisen–
Schmidt condensation of sulfonamides 8a-b, 10, 12, and 14a-b with aromatic aldehydes
15a-f. Twelve pyrazolines (22-23)a-d and (24-25)a-b and six carbothioamides 27a-f were
obtained from 4-Cl-substituted chalcones of each series. All hybrids were preliminarily
subjected to in vitro anticancer screening against 60 NCI human cancer cell lines at a single
concentration of 10 µM. Chalcones 17a-c and 18e were the most active with mean values of
GI % of 71.79%, 94.14%, 81.17%, and 100.00%, respectively, and a 25.48% of lethality for 18e. A
subsequent screening of these compounds at five concentration levels revealed remarkable
growth inhibition values against LOX IMVI (Melanoma) with GI50 of 0.34 µM, 0.73 µM,
and 0.54 µM for 17a-c. The entire leukemia panel was highly sensitive to compound 18e
displaying GI50 values between 0.99–2.52 µM. Anticancer trial results suggest that compounds
with similar structures to 17a-c and 18e could be important templates for the future design
and development of potential antiproliferative agents. Antituberculosis activity was measured
against M. tuberculosis H37Rv and chalcones 17a, 17f, 19a, 19d, 20a, and 20d-f displaying MIC
values between 8.97–28.79 µM. From additional studies performed against the Vero cell line,
the tested compounds showed high cytotoxic effects indicating that structures should be
optimized in order to improve selectivity.
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