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A B S T R A C T

α-Glucosidase and urease inhibitors have emerged as crucial for developing therapeutic drugs targeting diabetes
and gastrointestinal disorders. This study reports on new series of ibuprofen and mefenamic acid Schiff base
derivatives incorporating isatin as dual inhibitors of α-glucosidase and urease enzymes. These synthesized de-
rivatives (7a-r) were structurally characterized by 1H NMR, 13C NMR and HRMS (EI). Biological evaluation (IC50)
identified several derivatives i.e., 7a (urease = 17.37 ± 1.37 µM, α-glucosidase = 44.1 ± 1.15 µM), 7j, (urease =

16.61 ± 1.37 µM, α-glucosidase = 81.2 ± 1.33 µM), 7o, (urease = 18.63 ± 1.27 µM, α-glucosidase = 70.3 ±

1.14 µM), 7r (urease = 11.36 ± 1.32 µM, α-glucosidase = 39.3 ± 1.17 µM), as dual inhibitors of urease (thiourea
21.37 ± 1.76 µM) and α–glucosidase (acarbose 375.82 ± 1.76 µM) enzymes. These bioactive derivatives were
explored for cell viability studies against mononuclear cells revealing a good cytocompatibility. In silico mo-
lecular docking studies were also conducted to predict the binding mode of new derivatives with target enzymes
that were found consistent with the results of in vitro research.

1. Introduction

In recent years, the search for novel therapeutic agents with multi-
target capabilities has received substantial attention in the realm of drug
discovery and development [1,2]. One potential area of research is the
discovery of inhibitors targeting enzymes engaged in essential biological
processes. Due to their involvement in diseases such as diabetes and
gastric problems, α-glucosidase and urease enzymes have emerged as
especially enticing targets. α-Glucosidase is an enzyme that hydrolyzes
complex carbs into glucose in the small intestine, which directly impacts
blood sugar levels [3]. Dysfunction of this enzyme can lead to improper
carbohydrate metabolism, contributing to the condition such as diabetes
by causing elevated blood sugar levels and impaired glucose hemostasis.
The inhibition of this enzyme has been found to successfully manage
postprandial hyperglycemia in diabetics [4]. α-Glucosidase inhibitors

can modify glucose absorption by decreasing carbohydrate breakdown,
leading to better glycemic control [5,6]. As a result, these inhibitors
have sparked considerable attention as possible therapeutic agents for
the control of diabetes and its consequences [7]. Urease, on the other
hand, is an enzyme present in a variety of bacteria (e.g., H. pylori), plants
as well as the human gastrointestinal mucosa [8]. It catalyzes the hy-
drolysis of urea into ammonia and carbon dioxide, which is important in
bacterial acclimation, growth and in the development of stomach dis-
orders such as peptic ulcers and gastric cancer. Inhibiting urease activity
has been identified as a possible therapeutic and preventative method
for several disorders [9]. Urease inhibitors can help lower ammonia
levels in the stomach, reducing the harmful effects of ammonia on the
gastric mucosa. According to the research review, both of these enzymes
are now intertwined as the prevalence of H. pylori infections among
diabetes patients rises as the glycemic index rises [10–12].
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Isatin, also known as 1H-indole-2,3-dione, has a broad pharmaco-
logical range and is hence regarded as a beneficial bioactive heterocyclic
moiety [13]. Isatin derivatives exhibit pharmacological activities such
as antiproliferative [14–16], antileishmanial [17], antioxidant [18],
antimicrobial [19–23], antiplasmodial [24], anti-inflammatory [25],
analgesic [26], anticonvulsant [27], anti-urease [28] and anti-
α–glucosidase [29] etc., activities. Additionally, Ibuprofen and mefe-
namic acid are common nonsteroidal anti-inflammatory drugs (NSAIDs)
with analgesic, anti-inflammatory, and antipyretic properties [30].
Beyond traditional therapeutic potential, these drugs have demon-
strated a variety of other pharmacological activities [31–33], including
potential enzyme inhibitory properties [34,35]. By modifying the
chemical structures of these drugs [36–43], it is conceivable to integrate
new functionalities that selectively target α-glucosidase and urease en-
zymes [44].

Despite to their well-known biological properties, nonsteroidal anti-
inflammatory drugs (NSAIDs) such as ibuprofen and mefenamic acid
have not previously been investigated for their possible inhibitory ef-
fects on α-glucosidase and urease enzymes. Our research group is lead-
ing the way in this effort, to discover new therapeutic compounds that
can target both enzymes simultaneously [45–49]. In continuation to our
previous work (Fig. 1), we have synthesized derivatives replacing the
previously explored naproxen and diclofenac with ibuprofen and
mefenamic acid. The goal of this study is to investigate the potential of
ibuprofen and mefenamic acid derivatives incorporated with isatin as
multitarget inhibitors by methodically introducing structural alterations
to improve their inhibitory activity against the two enzymes.

2. Experimental procedure

2.1. Material and methods

All the commercially available reagents and solvents used in this
study were purchased from Alfa Aesar and Merck and were utilized
without further purification. Bruker FT-300 MHz was used to confirm
the structure of the target compounds by 1H NMR and 13C NMR spectra
in CDCl3 and DMSO‑d6 as solvents. Chemical shifts were reported in δ
part per million (ppm) downfielded from tetramethylsilane (TMS) as the
internal standard and the coupling constants were expressed in hertz
(Hz). All the reactions were monitored through thin-layer chromatog-
raphy (TLC) plates precoated with silica gel 60 F254. A Finnegan MAT-
311A mass spectrometer was used to record HRMS (EI) spectra. The
melting points were obtained (uncorrected) in an open capillary using
the Stuart melting point (SMP10) apparatus. The hydrazide of both
drugs were synthesized by same procedures as followed by our previous
studies [45–48].

2.2. General procedure for the synthesis of N-alkylated isatin
intermediates 5(a-f)

A mixture of isatin 4(a,b) (0.002 mol) and potassium carbonate
(0.0025mol) in DMF (10mL) was heated in an oil bath at 80 ◦C for about
30 min. After this, the corresponding alkyl halide (0.0021 mol) was
added to the reaction mixture and refluxed for 3–4 h [44]. When the
reaction was completed (monitored by TLC), the reaction mixture was
poured into ice-water. If the product crystallized, the resulting solid was
filtered, washed with water and purified by further recrystallization
using ethanol. If not, the suspension was extracted with dichloro-
methane (DCM) and the organic layer was washed with water, and then
dried (over anhydrous sodium sulphate) and concentrated in vacuo
affording the desired compounds. The detailed spectroscopic analysis of
these intermediates (5a-f) is provided in the supplementary file.

2.3. General procedure for the synthesis of Schiff base derivatives 7(a-r)

An equimolar mixture of hydrazide 3(a,b) (1 mmol) and simple
isatin 6(a-c) along with N-alkylated isatin intermediates 5(a-f) (1 mmol)
were refluxed in ethanol (30 mL) in presence of catalytic amount of
glacial acetic acid for 2–3 h [46]. After completion of the reaction
(checked by TLC), the reaction mixture was allowed to cool and the solid
was filtered, washed with water, dried, and recrystallized from ethanol
to get pure compounds 7(a-r).

2.3.1. 2-(4-isobutylphenyl)-N’-(2-oxoindolin-3-ylidene)propane hydrazide
(7a)

Yellowish orange solid; Yield 77 %; Rf= 0.41 (Hex/EtOAc, 4:1); m.p.
188–190 ◦C; 1H NMR (300 MHz, CDCl3) δ 10.32 (br.s, 1H, NH), 9.89 (br.
s, 1H), 7.83 (d, J = 6.7 Hz), 7.65 (dd, J = 7.1, 2.1 Hz), 7.48 (t, J = 7.3
Hz), 7.34 (td, J = 7.1, 2.1 Hz), 7.18 (d, J = 7.8 Hz), 7.03 (d, J = 7.8 Hz,
2H), 3.58 (q, J = 5.3 Hz, 1H), 2.43 (d, J = 8.7 Hz, 2H), 1.90–1.80 (m,
1H), 1.57 (d, J = 5.3 Hz, 3H), 0.84 (d, J = 5.0 Hz, 6H). 13C NMR (75
MHz, CDCl3) δ 170.3, 167.5, 143.1, 139.5, 139.5, 138.4, 129.3, 128.4,
124.4, 123.1, 122.0, 121.1, 112.6, 45.5, 43.7, 26.9, 22.6, 18.2. HRMS
(EI) calcd for C21H23N3O2 [M+]: 349.1790, found 349.1782.

2.3.2. 2-(4-isobutylphenyl)-N’-(2-oxo-1-propylindolin-3-ylidene)propane
hydrazide (7b)

Yellow semisolid/oil; Rf = 0.56 (Hex/EtOAc, 4:1); Yield 78 %. 1H
NMR (300 MHz, CDCl3) δ 9.99 (br.s, 1H), 7.83 (d, J = 6.6 Hz, 1H), 7.65
(d, J= 6.3 Hz, 1H), 7.46 (t, J= 6.8 Hz, 1H), 7.27 (t, J= 6.9 Hz, 1H), 7.18
(d, J = 7.8 Hz, 2H), 7.03 (d, J = 7.8 Hz, 2H), 4.29 (t, J = 7.4 Hz, 2H),
3.63 (q, J = 5.4 Hz, 1H), 2.43 (d, J = 8.8 Hz, 2H), 1.91–1.76 (m, 3H),
1.55 (d, J = 5.4 Hz, 3H), 1.07 (t, J = 5.3 Hz, 3H), 0.86 (d, J = 5.0 Hz,
6H). 13C NMR (75 MHz, CDCl3) δ 170.4, 163.4, 143.1, 139.8, 138.5,
138.4, 130.4, 129.3, 124.3, 123.6, 122.2, 121.5, 112.8, 46.3, 45.6, 43.7,
26.9, 23.4, 22.5, 18.1, 11.4. HRMS (EI) calcd for C24H29N3O2 [M+]:

Fig. 1. Rationale of the current study.
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391.2260, found 391.2252.

2.3.3. N’-(1-benzyl-2-oxoindolin-3-ylidene)-2-(4-isobutylphenyl)propane
hydrazide (7c)

Yellow sticky semisolid; Yield 80 %. Rf = 0.58 (Hex/EtOAc, 4:1). 1H
NMR (300MHz, CDCl3) δ 10.09 (br. s, 1H), 7.83 (d, J= 6.6 Hz, 1H), 7.65
(d, J = 7.5 Hz, 1H), 7.46 (t, J = 6.9 Hz, 1H), 7.32–7.22 (m, 6H), 7.16 (d,
J = 7.8 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 4.93 (s, 2H), 3.58 (q, J = 5.4
Hz, 1H), 2.41 (d, J= 8.7 Hz, 2H), 1.89–1.80 (m, 1H), 1.56 (d, J= 7.2 Hz,
3H), 0.88 (d, J = 6.0 Hz, 6H). 13C NMR (75 MHz, CDCl3) δ 170.3, 165.9,
143.1, 139.8, 138.5, 138.4, 136.7, 130.3, 129.3, 128.5, 127.6, 127.4,
124.3, 122.9, 122.2, 121.7, 112.7, 45.5, 45.4, 43.7, 26.9, 22.4, 18.1.
HRMS (EI) calcd for C28H29N3O2 [M+]: 439.2260, found 439.2253.

2.3.4. N’-(1-butyl-2-oxoindolin-3-ylidene)-2-(4-isobutylphenyl)propane
hydrazide (7d)

Yellowish sticky semisolid; Yield 77 %. Rf = 0.58 (Hex/EtOAc, 4:1).
1H NMR (300 MHz, CDCl3) δ 10.06 (br. s, 1H), 7.83 (d, J = 6.6 Hz, 1H),
7.65 (d, J = 6.3 Hz, 1H), 7.46 (t, J = 6.7 Hz, 1H), 7.27 (t, J = 6.9 Hz,
1H,), 7.18 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 4.59 (t, J = 9.1
Hz, 2H), 3.58 (q, J = 5.4 Hz, 1H), 2.49 (d, J = 8.7 Hz, 2H), 2.17 (quin, J
= 8.7 Hz, 2H), 1.90–1.80 (m, 1H), 1.57 (d, J = 5.4 Hz, 3H), 1.45–1.33
(m, 2H), 1.04 (t, J = 4.8 Hz, 3H), 0.91 (d, J = 4.9 Hz, 6H). 13C NMR (75
MHz, CDCl3) δ 170.1, 163.4, 143.3, 139.8, 138.5, 138.4, 130.4, 129.3,
124.3, 123.5, 122.1, 121.5, 112.8, 46.8, 45.3, 43.5, 29.3, 26.9, 22.6,
19.4, 18.0, 13.6. HRMS (EI) calcd for C25H31N3O2 [M+]: 405.2416,
found 405.2409.

2.3.5. N’-(1-allyl-2-oxoindolin-3-ylidene)-2-(4-isobutylphenyl)propane
hydrazide (7e)

Brick red solid; Yield 73 %; Rf = 0.49 (Hex/EtOAc, 4:1); m.p.
105–108 ◦C. 1H NMR (300 MHz, CDCl3) δ 10.14 (br. s, 1H), 7.83 (d, J =
6.6 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 6.9 Hz, 1H), 7.29 (t, J
= 6.9 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 5.99 –
5.87 (m, 1H), 5.18 (d, J = 8.4 Hz, 2H), 4.90 (d, J = 7.8 Hz, 2H), 3.58 (q,
J= 5.4 Hz, 1H), 2.56 (d, J= 8.7 Hz, 2H), 1.89–1.80 (m, 1H), 1.57 (d, J=
5.4 Hz, 3H), 0.88 (d, J= 5.7 Hz, 6H). 13C NMR (75MHz, CDCl3) δ 170.3,
162.1, 143.1, 140.8, 138.5, 137.7, 133.5, 130.3, 129.4, 124.3, 123.2,
122.1, 121.7, 117.7, 112.85, 46.0, 43.5, 38.4, 26.9, 22.4, 18.1. HRMS
(EI) calcd for C24H27N3O2 [M+]: 389.2103, found 389.2095.

2.3.6. N’-(5-chloro-2-oxoindolin-3-ylidene)-2-(4-isobutylphenyl)propane
hydrazide (7f)

Shiny yellow crystalline solid; Yield 73 %. Rf = 0.48 (Hex/EtOAc,
4:1); m.p. 112–114 ◦C. 1H NMR (300 MHz, CDCl3) δ 10.26 (br. s, 1H),
10.02 (br. s, 1H), 7.73 (d, J= 1.6 Hz, 1H), 7.61 (dd, J= 7.4, 2.0 Hz, 1H),
7.45 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 7.04 (d, J = 7.8 Hz,
2H), 3.58 (q, J = 5.4 Hz, 1H), 2.42 (d, J = 8.7 Hz, 2H), 1.90–1.80 (m,
1H), 1.57 (d, J = 5.4 Hz, 3H), 0.89 (d, J = 5.0 Hz, 6H). 13C NMR (75
MHz, CDCl3) δ 170.1, 167.5, 143.1, 139.1, 138.4, 138.4, 130.4, 129.3,
127.3, 124.3, 122.7, 121.8, 114.4, 45.5, 43.7, 26.9, 22.4, 18.1. HRMS
(EI) calcd for C21H22ClN3O2 [M+]: 383.1401, found 383.1394.

2.3.7. N’-(5-chloro-2-oxo-1-propylindolin-3-ylidene)-2-(4-isobutylphenyl)
propane hydrazide (7g)

Brown oil; Yield 84 %; Rf = 0.59 (Hex/EtOAc, 4:1). 1H NMR (300
MHz, CDCl3) δ 10.14 (br.s, 1H), 7.61–7.56 (m, 2H), 7.45 (dd, J = 8.0,
2.1 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 7.01 (d, J = 7.8 Hz, 2H), 4.15 (t, J
= 7.8 Hz, 2H), 3.58 (q, J = 5.4 Hz, 1H), 2.50 (d, J = 8.7 Hz, 2H),
1.90–1.73 (m, 3H), 1.57 (d, J = 5.4 Hz, 3H), 1.00 (t, J = 5.2 Hz, 3H),
0.89 (d, J = 4.9 Hz, 6H). 13C NMR (75 MHz, CDCl3) δ 170.2, 163.4,
143.1, 138.9, 138.4, 138.1, 129.3, 129.3, 127.3, 124.3, 122.6, 122.1,
113.2, 46.3, 45.5, 43.7, 26.9, 23.4, 22.6, 18.2, 11.41. HRMS (EI) calcd
for C24H28ClN3O2 [M+]: 425.1870, found 425.1862.

2.3.8. N’-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-2-(4-isobutylphenyl)
propane hydrazide (7h)

Yellow solid; Yield 79 %; Rf= 0.60 (Hex/EtOAc, 4:1); m.p. 88–90 ◦C.
1H NMR (300 MHz, CDCl3) δ 10.17 (br.s, 1H), 7.73 (d, J = 1.9 Hz, 1H),
7.64 (dd, J = 8.0, 1.8 Hz, 1H), 7.53 (d, J = 8.1 Hz, 1H), 7.41–7.27 (m,
5H), 7.18 (d, J= 7.8 Hz, 2H), 7.00 (d, J= 7.8 Hz, 2H), 4.90 (s, 2H), 3.58
(q, J= 5.4 Hz, 1H), 2.47 (d, J= 8.6 Hz, 2H), 1.90–1.80 (m, 1H), 1.57 (d,
J = 5.4 Hz, 3H), 0.90 (d, J = 5.0 Hz, 6H). 13C NMR (75 MHz, CDCl3) δ
170.4, 165.9, 143.1, 139.0, 138.4, 138.0, 136.7, 129.3, 129.3, 128.5,
127.6, 127.4, 124.3, 122.5, 121.9, 113.2, 45.7, 45.4, 43.7, 26.9, 22.6,
18.1. HRMS (EI) calcd for C28H28ClN3O2 [M+]: 473.1870, found
473.1863.

2.3.9. 2-(4-isobutylphenyl)-N’-(5-nitro-2-oxoindolin-3-ylidene)propane
hydrazide (7i)

Yellow solid; Yield 61 %; Rf= 0.50 (Hex/EtOAc, 4:1); m.p. 90–95 ◦C.
1H NMR (300 MHz, CDCl3) δ 10.50 (br.s, 1H), 10.00 (br.s, 1H), 8.05 (d,
J = 1.8 Hz, 1H), 7.88 (dd, J = 7.5, 1.8 Hz, 1H), 7.61 (d, J = 7.8 Hz, 1H),
7.18 (d, J = 7.8 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 3.58 (q, J = 5.4 Hz,
1H), 2.42 (d, J = 8.7 Hz, 2H), 1.89–1.80 (m, 1H), 1.56 (d, J = 7.2 Hz,
3H), 0.88 (d, J = 7.2 Hz, 6H). 13C NMR (75 MHz, CDCl3) δ 170.5, 167.5,
143.1, 142.0, 141.4, 139.1, 138.4, 129.3, 129.0, 124.3, 120.6, 119.1,
112.9, 45.5, 43.7, 26.9, 22.4, 18.1. HRMS (EI) calcd for C21H22N4O4
[M+]: 394.1641, found 349.1633.

2.3.10. 2-((2,3-dimethylphenyl)amino)-N’-(2-oxoindolin-3-ylidene)benzo
hydrazide (7j)

Yellow solid; Yield 78 %. Rf = 0.47 (Hex/EtOAc, 4:1); m.p.
244–245 ◦C. 1H NMR (300 MHz, CDCl3) δ 10.10 (br. s, 1H), 9.57 (s, 1H),
8.11 (s, 1H), 7.89–7.82 (m, 2H), 7.65 (dd, J= 7.4, 2.1 Hz, 1H), 7.46 (t, J
= 7.3 Hz, 1H), 7.30–7.06 (m, 5H), 6.92 (d, J = 7.5 Hz, 1H), 6.58 (d, J =
7.8 Hz, 1H), 2.28 (s, 3H), 2.13 (s, 3H). 13C NMR (75 MHz, CDCl3) δ
169.7, 167.5, 144.7, 143.2, 139.3, 137.6, 136.7, 129.7, 129.5, 128.4,
127.8, 127.3, 127.1, 123.0, 122.0, 121.1, 120.8, 119.9, 118.3, 112.6,
20.3, 12.8. HRMS (EI) calcd for C23H20N4O2 [M+]: 384.1586, found
384.1578.

2.3.11. 2-((2,3-dimethylphenyl)amino)-N’-(2-oxo-1-propylindolin-3-
ylidene)benzo hydrazide (7k)

Reddish orange solid; Yield 79 %. Rf = 0.57 (Hex/EtOAc, 4:1); m.p.
174–176 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.47 (br.s, 1H), 8.78 (s,
1H), 8.03 (d, J = 8.2 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 8.2
Hz, 1H), 7.69–7.34 (m, 2H), 7.35–7.27 (m, 2H), 7.12–7.02 (m, 2H), 6.92
(d, J = 7.6 Hz, 1H), 6.53 (d, J = 7.7 Hz, 1H), 4.28 (t, J = 7.4 Hz, 2H),
2.28 (s, 3H), 2.12 (s, 3H), 1.75–1.65 (m, 2H), 1.00 (t, J = 5.2 Hz, 3H).
13C NMR (75 MHz, DMSO‑d6) δ 169.0, 163.5, 144.3, 143.2, 139.9,
137.4, 136.0, 130.0, 129.4, 129.3, 127.7, 127.3, 127.0, 123.5, 122.1,
122.0, 121.5, 120.8, 119.9, 118.3, 112.5, 46.6, 23.9, 20.6, 12.1, 11.4.
HRMS (EI) calcd for C26H26N4O2 [M+]: 426.2056, found 426.2048.

2.3.12. N’-(1-benzyl-2-oxoindolin-3-ylidene)-2-((2,3-dimethylphenyl)
amino)benzo hydrazide (7l)

Dark brown solid; Yield 66 %. Rf = 0.57 (Hex/EtOAc, 4:1); m.p.
216–218 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.47 (br.s, 1H), 8.58 (s,
1H), 8.15 (d, J = 7.8 Hz, 1H), 7.92 (d, J = 6.7 Hz, 1H), 7.79 (d, J = 8.2
Hz, 1H), 7.70–7.63 (m, 2H), 7.40–7.20 (m, 7H), 7.12–7.02 (m, 2H), 6.92
(d, J = 7.6 Hz, 1H), 6.53 (d, J = 7.7 Hz, 1H), 4.94 (s, 2H), 2.28 (s, 3H),
2.12 (s, 3H). 13C NMR (75 MHz, DMSO‑d6) δ 169.0, 165.9, 144.1, 143.0,
139.8, 137.1, 136.8, 136.7, 130.3, 129.7, 129.5, 128.5, 127.9, 127.6,
127.4, 127.3, 127.0, 122.9, 122.2, 122.0, 121.7, 120.8, 119.1, 118.4,
112.7, 45.3, 20.1, 12.6. HRMS (EI) calcd for C30H26N4O2 [M+]:
474.2056, found 474.2049.

2.3.13. N’-(1-butyl-2-oxoindolin-3-ylidene)-2-((2,3-dimethylphenyl)
amino)benzo hydrazide (7m)

Orange solid; Yield 79 %. Rf = 0.61 (Hex/EtOAc, 4:1); m.p.
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163–165 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.41 (br.s, 1H), 8.79 (br.
s, 1H), 7.97 (d, J= 8.1 Hz, 1H), 7.92 (dd, J = 6.0, 1.8 Hz, 1H), 7.79 (d, J
= 8.4 Hz, 1H), 7.68–7.63 (m, 2H), 7.35–7.27 (m, 2H), 7.10–7.02 (m,
2H), 6.90 (d, J = 7.5 Hz, 1H), 6.53 (d, J = 7.8 Hz, 1H), 4.34 (t, J = 8.4
Hz, 2H), 2.28 (s, 3H), 2.12 (s, 3H), 1.64–1.40 (m, 4H), 0.91 (t, J = 4.8
Hz, 3H). 13C NMR (75 MHz, DMSO‑d6) δ 168.7, 163.4, 144.7, 143.2,
139.8, 137.1, 136.6, 130.4, 129.7, 129.5, 127.7, 127.3, 127.1, 123.5,
122.1, 122.0, 121.5, 120.7, 119.6, 118.3, 112.8, 46.8, 29.3, 20.3, 19.4,
13.6, 12.8. HRMS (EI) calcd for C27H28N4O2 [M+]: 470.2212, found
470.2204.

2.3.14. N’-(1-allyl-2-oxoindolin-3-ylidene)-2-((2,3-dimethylphenyl)
amino)benzo hydrazide (7n)

Orange solid; Yield 72 %; Rf = 0.58 (Hex/EtOAc, 4:1); m.p.
206–209 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.55 (br.s, 1H), 8.75 (s,
1H), 8.07 (d, J = 7.7 Hz, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 7.8
Hz, 1H), 7.66–7.63 (m, 2H), 7.35–7.27 (m, 2H), 7.12–7.02 (m, 2H), 6.92
(d, J= 7.6 Hz, 1H), 6.50 (d, J= 7.7 Hz, 1H), 6.01–5.85 (m, 1H), 5.16 (d,
J= 16.2 Hz, 2H), 4.90 (d, J= 7.7 Hz, 2H), 2.28 (s, 3H), 2.12 (s, 3H). 13C
NMR (75 MHz, DMSO‑d6) δ 167.5, 163.8, 145.3, 143.0, 139.7, 137.1,
136.7, 133.6, 130.3, 129.7, 129.5, 127.7, 127.3, 127.1, 123.3, 122.1,
122.0, 121.6, 120.8, 118.4, 118.3, 117.7, 112.8, 39.5, 20.0, 12.3. HRMS
(EI) calcd for C26H24N4O2 [M+]: 424.1899, found 424.1891.

2.3.15. N’-(5-chloro-2-oxoindolin-3-ylidene)-2-((2,3-dimethylphenyl)
amino)benzo hydrazide (7o)

Yellowish orange solid; Yield 58 %. Rf= 0.49 (Hex/EtOAc, 4:1); m.p.
172–174 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.71 (br.s, 1H), 10.03 (s,
1H), 8.61 (s, 1H), 8.15 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 2.0 Hz, 1H),
7.75–7.61 (m, 3H), 7.45 (dd, J = 7.5, 2.0 Hz, 1H), 7.11–7.02 (m, 2H),
6.92 (d, J = 7.5 Hz, 1H), 6.50 (d, J = 7.8 Hz, 1H), 2.28 (s, 3H), 2.12 (s,
3H). 13C NMR (75 MHz, DMSO‑d6) δ 169.2, 167.5, 144.0, 143.2, 138.7,

137.1, 136.7, 130.4, 129.7, 129.5, 127.7, 127.4, 127.1, 122.7, 122.0,
121.8, 120.8, 119.7, 118.3, 114.4, 20.3, 12.8. HRMS (EI) calcd for
C23H19ClN4O2 [M+]: 418.1197, found 418.1189.

2.3.16. N’-(5-chloro-2-oxo-1-propylindolin-3-ylidene)-2-((2,3-
dimethylphenyl)amino)benzo hydrazide (7p)

Shiny orange solid; Yield 83 %. Rf = 0.65 (Hex/EtOAc, 4:1); m.p.
180–183 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.44 (s, 1H), 8.50 (s, 1H),
8.08 (dd, J = 7.8, 1.2 Hz, 1H), 7.82 (d, J = 1.8 Hz, 1H), 7.59–7.43 (m,
3H), 7.25 (dd, J = 7.8, 1.8 Hz, 1H), 7.10–7.02 (m, 2H), 6.91 (d, J = 7.8
Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H), 4.28 (t, J = 7.5 Hz, 2H), 2.28 (s, 3H),
2.12 (s, 3H), 1.75–1.64 (m, 2H), 1.00 (t, J = 5.1 Hz, 3H). 13C NMR (75
MHz, DMSO‑d6) δ 169.7, 163.4, 144.7, 143.2, 138.9, 136.7, 136.6,
129.7, 129.5, 129.3, 127.7, 127.4, 127.3, 127.1, 122.6, 122.1, 122.0,
120.7, 119.9, 118.3, 113.2, 46.3, 23.4, 20.3, 12.8, 11.4. HRMS (EI) calcd
for C26H25ClN4O2 [M+]: 460.1666, found 460.1658.

2.3.17. N’-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-2-((2,3-
dimethylphenyl) amino)benzo hydrazide (7q)

Orange solid; Yield 79 %. Rf = 0.69 (Hex/EtOAc, 4:1); m.p.
229–231 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.49 (br.s, 1H), 8.72 (s,
1H), 8.03 (d, J= 2.0 Hz, 1H), 7.89 (dd, J= 7.9, 2.0 Hz, 1H), 7.77 (d, J=
8.3 Hz, 1H), 7.69–7.61 (m, 2H), 7.47 (d, J = 8.2 Hz, 1H), 7.32–7.26 (m,
5H), 7.12–7.02 (m, 2H), 6.92 (d, J = 7.6 Hz, 1H), 6.49 (d, J = 7.8 Hz,
1H), 4.94 (s, 2H), 2.28 (s, 3H), 2.12 (s, 3H). 13C NMR (75 MHz,
DMSO‑d6) δ 169.5, 165.9, 144.1, 143.0, 139.0, 136.8, 136.7, 136.0,
129.7, 129.5, 129.3, 128.5, 127.7, 127.6, 127.4, 127.3, 127.1, 122.5,
122.0, 121.9, 120.8, 119.4, 118.3, 113.2, 45.4, 20.3, 12.1. HRMS (EI)
calcd for C30H25ClN4O2 [M+]: 508.1666, found 508.1659.

Scheme 1. Synthetic route to isatin substituted Schiff base derivatives of ibuprofen and mefenamic acid.
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2.3.18. 2-((2,3-dimethylphenyl)amino)-N’-(5-nitro-2-oxoindolin-3-
ylidene)benzo hydrazide (7r)

Orange solid; Yield 68 %. Rf = 0.62 (Hex/EtOAc, 4:1); m.p.
232–235 ◦C. 1H NMR (300 MHz, DMSO‑d6) δ 10.49 (br.s, 1H), 9.44 (s,
1H), 8.63 (s, 1H), 8.20 (d, J= 1.8 Hz, 1H), 7.87 (dd, J= 7.6, 2.0 Hz, 1H),
7.67 (d, J = 7.7 Hz, 1H), 7.42–7.28 (m, 3H), 7.12–7.02 (m, 2H), 6.92 (d,
J = 7.5 Hz, 1H), 6.54 (d, J = 7.7 Hz, 1H), 2.28 (s, 3H), 2.12 (s, 3H). 13C
NMR (75 MHz, DMSO‑d6) δ 170.0, 167.5, 144.4, 143.3, 141.8, 141.4,
137.1, 136.7, 129.7, 129.5, 129.0, 127.6, 127.4, 127.0, 122.0, 120.8,
120.6, 119.7, 119.1, 118.3, 112.9, 20.5, 12.9. HRMS (EI) calcd for
C23H19N5O2 [M+]: 429.1437, found 429.1430.

2.4. Biological evaluation

All the synthesized derivatives were biologically evaluated for in
vitro urease, α-glucosidase inhibitory potential, as well as cell viability
studies [45,50–52]. The procedure used for these activities and rationale
for enzyme selection are provided in supplementary file.

2.5. Docking methodology

To predict the mechanism of inhibition and binding mode of the
synthesized compounds, a molecular operating environment (MOE)
software was used to dock the most active compounds with the active
sites of the target enzymes [53,54]. As the crystal structure of α-gluco-
sidase is still unknown, we utilized the homology model provided by Liu
et al [55], and the urease (PDB ID: 4ubp) [56] was obtained from the
Protein Data Bank (PDB). The 3D structures of isolated molecules were
constructed after the elimination of water molecules, using the builder
tool in MOE program. Using the MOE’s default parameters (Force Field:
MMFF94X gradient: 0.05), it was revealed that the active compounds
were energy minimized and 3D protonated. The 3D structures of most
potent derivatives were also generated in MOE and the energy was
minimized using the MOE’s default parameters. Both α-glucosidase and
urease were docked to the compounds using MOE’s default parameters,
which were Placement: Triangle Matcher, Refinement: Induced Fit, and
Rescoring: London dG. Ten conformations were created for each ligand.
Each compound’s top-ranked conformation was utilized for further
investigation. Following molecular docking, the best poses were
analyzed using Discovery Studio software.

Fig. 2. General structural features of isatin substituted Schiff base derivatives.

Table 1
Different substituents of Schiff base derivatives 7(a-r).

Compd. R1 R2 Y Compd. R1 R2 Y

7a H H 7j H H
7b CH2CH2CH3 H 7k CH2CH2CH3 H
7c CH2C6H5 H 7l CH2C6H5 H
7d CH2CH2CH2CH3 H 7m CH2CH2CH2CH3 H
7e CH2CH = CH2 H 7n CH2CH = CH2 H
7f H Cl 7o H Cl
7g CH2CH2CH3 Cl 7p CH2CH2CH3 Cl
7h CH2C6H5 Cl 7q CH2C6H5 Cl
7i H NO2 7r H NO2
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3. Result and discussions

3.1. Chemistry

The synthesis of isatin substituted ibuprofen and mefenamic acid
Schiff base derivatives 7(a-r)was achieved through a three-step reaction
in good yields. Scheme 1 showed the original synthetic route to prepare
final Schiff bases, starting from the acid form of both drugs. The sub-
stituents are illustrated and displayed in Fig. 2 and Table 1, respectively.
In this study we first synthesized ibuprofen and mefenamic hydrazide
derivatives 3(a,b) followed by the synthesis of their ester counterparts as
described in our earlier study [45]. In the second step, we synthesized
six different N-alkylated intermediates of simple and substituted isatin 5
(a-f). The synthesis of these analogs was confirmed through their 1H
NMR spectra which showed the emergence of aliphatic chain protons in
the range of 5.93–1.00 ppm, while the aromatic protons appear at
8.09–7.07 ppm. The investigation of 13C NMR also confirmed the for-
mation of these N-alkylated isatin intermediates. In the last step, the N-
alkylated 5(a-f) and non-alkylated 6(a-c) analogs reacted with hydra-
zide of both drugs to form isatin substituted Schiff base derivatives of
ibuprofen and mefenamic acid 7(a-r) (Table 1). The synthesized Schiff
base derivatives 7(a-r) were characterized by their 1H NMR and 13C
NMR spectral data. In 1H NMR spectra, the amidic NH appears between
10.71–10.06 ppm. The free NH protons of isatin moiety in case of 7a, 7f,
7i, 7j, 7o and 7r resonate between 10.03–9.44 ppm, while in case of
mefenamic acid derivatives 7(j-r), the NH protons are between
8.79–8.11 ppm. Allylic CH and CH2 protons in the case of 7e and 7n
were found between 6.01–5.16 ppm. The aliphatic protons have shown
signals at 4.94–0.84 ppm, while the aromatic protons signals were found
in 8.20–6.49 ppm range. In 13C NMR spectra, the absence of C=O signal
and formation of the characteristic signal of the imine carbon (− C = N)
was observed between 140.87–136.72 ppm. The HRMS analysis of these
derivatives also supported the synthesis and purity by showing molec-
ular ion peak M+ at m/z in their respective regions.

3.2. Biological evaluation

3.2.1. Urease inhibition and Structure-Activity relationship (SAR) studies
The isatin Schiff base derivatives 7(a-r) were screened for their jack

bean urease inhibition according to the literature protocol [57]. All
compounds demonstrated inhibitory potential with IC50 value between
76.51± 1.48 µM to 11.36± 1.32 µM, whereas the standard thiourea has
an IC50 value of 21.37 ± 1.76 µM, respectively. Among the synthetic
library, compounds 7a (IC50 = 17.37 ± 1.37 µM), 7b (IC50 = 20.56 ±

1.49 µM), 7i (IC50 = 13.38 ± 1.75 µM), 7j (IC50 = 16.61 ± 1.37 µM), 7o
(IC50 = 18.63 ± 1.27 µM), and 7r (IC50 = 11.36 ± 1.32 µM) emerged to
be the potent inhibitors with IC50s lower than the standard thiourea.
Conversely, compounds 7c, 7d, 7f, 7g, and 7l with IC50 values of 36.52
± 1.33 µM, 33.56 ± 1.52 µM, 39.18 ± 1.84 µM, 45.63 ± 1.73 µM, 41.17
± 1.39 µM were found as moderate inhibitors for urease enzyme.
Finally, compounds 7e (IC50 = 60.49 ± 1.53 µM), 7h (IC50 = 68.28 ±

1.16 µM), 7k (IC50 = 59.37 ± 1.59 µM), 7m (IC50 = 71.25 ± 1.41 µM),
7n (IC50 = 76.51 ± 1.48 µM), 7p (IC50 = 53.18 ± 1.37 µM), and 7q
(IC50= 66.83± 1.66 µM) showed poor inhibition towards urease. The in
vitro urease inhibition values of isatin Schiff base derivatives 7(a-r) are
given in Table 2.

Although all the structural features of any compound mutually
contribute to the inhibitory potency, SAR can only be assessed by the
changing substituents. In this case, the main changing components are i)
R1 as the hydrazide part, ii) R2 as the alkyl, allyl and the benzyl sub-
stituents and iii) Y as the H, NO2, and Cl substitution on the phenyl ring
of the isatin group (Fig. 2). So, it was assumed that these three features
are mainly involved in changing the inhibitory potential of the Schiff
bases derivatives, e.g., disregarding ibuprofen or mefenamic acid
portion, the general trend for the Y moiety on the isatin nucleus is NO2
> H > Cl. The most potent compound in entire series was 7r having the
IC50 value 11.36 ± 1.32 µM. This compound exhibited –NO2 on phenyl
ring of isatin moiety as Y along with parent Mefenamic acid as R1,
respectively (Fig. 3). On R2 side it contains only hydrogen atom, thus
due to electron withdrawing nature of –NO2 group, it was suggested it
may locate the phenyl ring for better interaction with active site of
enzyme. The activity of this compound was compared to the 2nd most
active compound of the series 7i (IC50 = 13.38 ± 1.75 µM) of the
ibuprofen series. Both of them have the same substitution pattern as R2

and Y but different R1 groups. So, in this case the main change was
observed by the changing the NSAID drug (R1). Moreover, compounds
7a (IC50 = 17.37 ± 1.37 µM) and 7j (IC50 = 16.61 ± 1.37 µM) also
showed promising inhibitory potential. Through SAR, it was speculated
that both also possessed similar features at R2 and Y but different R1

groups. The mefenamic acid derivative 7j was slightly more active than
ibuprofen derivative 7a. The 5th and 6th most active compounds are 7o
(IC50 = 18.63 ± 1.27 µM) and 7b (IC50 = 20.56 ± 1.49 µM), exhibiting
unsubstituted and chloro isatin with free NH and propyl group as R2 but
different R1, respectively. On the contrary, if the R2 is modified from
simple NH to N-benzyl or N-butyl in case of compound 7c (IC50 = 36.52
± 1.33 µM), 7d (IC50 = 33.56 ± 1.52 µM), and 7l (IC50 = 41.17 ± 1.39
µM) the inhibitory potential against urease decreases. Further im-
provements were observed in 7f (IC50 = 39.18 ± 1.84 µM) and 7 g (IC50
= 45.63 ± 1.73 µM) if we also replaced the H at Y side with Cl group
irrespective of which drug was used. The simple isatin derivatives with
N-propyl (7k, IC50 = 59.37 ± 1.59 µM), N-allyl (7e, IC50 = 60.49 ± 1.53
µM and 7n, IC50 = 76.51 ± 1.48 µM) or N-butyl (7m, IC50 = 71.25 ±

1.41 µM) substitution, 5-Cl isatin derivatives with N-propyl (7p, IC50 =
53.18 ± 1.37 µM) and N-benzyl (7h, IC50 = 68.28 ± 1.16 µM and 7q,
IC50= 66.83± 1.66 µM) substitution were found to be less active for this
activity. These findings suggest that simple isatin derivatives with no
substitution are mainly active in inhibiting urease activity. However, if a
sterically hindered bulky group is introduced on the NH of the isatin
moiety, activity diminishes. Furthermore, mefenamic acid derivatives
are more effective than ibuprofen counterparts in inhibiting the urease
activity.

Table 2
In vitro urease and α-glucosidase inhibition activity and cell viability of Isatin
Schiff base derivatives 7(a-r).

Compound Urease
inhibition
IC50 (µM)

α-Glucosidase
inhibition
IC50 (µM)

Cell viability
(%) at
0.25 mM

7a 17.37 ± 1.37 44.1 ± 1.15 69.5 ± 1.7
7b 20.56 ± 1.49 na 60.7 ± 1.3
7c 36.52 ± 1.33 131.1 ± 1.10 66.4 ± 1.5
7d 33.56 ± 1.52 28.2 ± 1.62 55.3 ± 1.4
7e 60.49 ± 1.53 na 31.2 ± 1.2
7f 39.18 ± 1.84 397.5 ± 1.12 41.3 ± 1.7
7g 45.63 ± 1.73 49.2 ± 1.31 59.7 ± 1.4
7h 68.28 ± 1.16 445.3 ± 2.32 36.8 ± 1.2
7i 13.38 ± 1.75 441.3 ± 1.11 78.9 ± 1.6
7j 16.61 ± 1.37 81.2 ± 1.33 72.5 ± 1.4
7k 59.37 ± 1.59 66.4 ± 1.41 62.3 ± 1.9
7l 41.17 ± 1.39 97.2 ± 1.19 67.6 ± 1.6
7m 71.25 ± 1.41 73.1 ± 1.16 54.5 ± 1.4
7n 76.51 ± 1.48 na 47.4 ± 1.3
7o 18.63 ± 1.27 70.3 ± 1.14 95.9 ± 1.5
7p 53.18 ± 1.37 60.5 ± 1.53 76.7 ± 1.7
7q 66.83 ± 1.66 55.4 ± 1.41 77.5 ± 1.3
7r 11.36 ± 1.32 39.3 ± 1.17 79.6 ± 1.5
Thiourea 21.37 ± 1.76 − 91.6 ± 1.4
Acarbose − 375.8 ± 1.76 −

Cyclophosphamide − − 56.5 ± 1.8
Cisplatin − − 51.7 ± 1.9
Curcumin − − 73.9 ± 1.7

na: not active at the highest concentration tested (0.25 mM).
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3.2.2. α-Glucosidase inhibition and SAR studies
All the target compounds were also screened for their abilities to

inhibit α-glucosidase and the results revealed that most of the synthe-
sized derivatives showed promising inhibitory potential between IC50 =
28.2 ± 1.62–131.1 ± 1.10 µM than the standard acarbose (IC50 value
375.82 ± 1.76 µM), except the compounds 7f, 7h and 7i which were
found as moderate inhibitors. Compounds 7b, 7e and 7n were found
inactive and the general results are summarized in Table 2. Collectively,
mefenamic acid-based compounds (except for 7n) were equipotent,
whereas the activities of ibuprofen-based compounds were strictly
dependent on the substitution pattern.

Compound 7dwith IC50 value 28.2± 1.62 µM is the most potent one
among the series. This is the simple isatin derivative containing the
ibuprofen portion and exhibiting butyl substitution on R2 side (Fig. 3). If
compared to the mefenamic acid counterpart with the same sub-
stituents, the activity decreases up to three folds as clearly observed in
compound 7l having IC50 = 97.2 ± 1.19 µM. Compound 7r (IC50 = 39.3
± 1.17 µM) was the second most active compound, featuring the 5-NO2
isatin and mefenamic acid as R1. With the same 5-NO2 substituent but
ibuprofen as R1, the activity decreases in compound 7i (IC50 = 441.3 ±

1.11 µM) up to 11 folds. The third most active compound in this syn-
thetic library is 7a (IC50 = 44.1 ± 1.15 µM) characterized by the simple

isatin and ibuprofen as R1. Conversely, the corresponding mefenamic
acid derivative 7j (IC50 = 81.2 ± 1.33 µM) shows a decrement in ac-
tivity. The other active compounds belong to the 5-Cl isatin derivatives
(7 g, IC50 = 49.2 ± 1.31 µM and 7q, IC50 = 55.4 ± 1.41 µM). Addi-
tionally, these compounds possessed propyl and benzyl substitution on
R2 side, respectively. Contrary to this, the same N-substituents carrying
derivatives of mefenamic acid (7p, IC50 = 60.5 ± 1.53 µM) and
ibuprofen (7h, IC50 = 445.3 ± 2.32 µM) drugs show reduction in their
activity.

The simple isatin derivative with the N-propyl substitution shows
that the mefenamic acid derivative 7k (IC50 = 66.4 ± 1.41 µM) is more
active than the ibuprofen derivative 7b which was found to be inactive
for α–glucosidase enzyme. The same trend is registered for the N-benzyl
substituted derivative 7l (IC50= 97.2± 1.19 µM) of mefenamic acid and
ibuprofen incorporating derivative 7c (IC50 = 131.1 ± 1.10 µM), as well
as the 5-Cl isatin derivatives without any substitution on R2 side (7o,
IC50 = 70.3 ± 1.14 µM and 7f, IC50 = 397.5 ± 1.12 µM). The N-allyl
derivatives (7e and 7n) in both cases were active towards α–glucosidase.
It was also observed that the electron-donating groups enhanced the
potential of ibuprofen derivatives, whereas electron-withdrawing
groups favored the inhibition by mefenamic acid derivatives.

Fig. 3. The most potent inhibitors of urease and α–glucosidase enzymes among the newly synthesized isatin substituted Schiff base derivatives.
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3.2.3. Cell viability studies
All the synthesized derivatives were also biologically evaluated on

mononuclear cells (MNCs) isolated from fresh blood. The percentage
viability was determined at 0.25 mM concentration (higher than the
reported enzymatic inhibition) as mentioned in the experimental section
(Table 2), displaying the cellular viability of the synthesized compounds
7(a-r) between 31.2–95.9 %. The compounds provoking the higher rates
of dead cells in this series were 7n (47.4 %), 7h (36.8 %), 7e (31.2 %)
and 7f (41.3 %) did not perform well on inhibition of both enzymes. It
also indicates that the most active compounds on urease enzyme, 7a
(69.5 %), 7b (60.7 %), 7i (78.9 %), 7j (72.5 %), 7o (95.9 %) and 7r
(79.6 %), and against α–glucosidase that is 7d (55.3 %), 7r (79.6 %), 7a
(69.5 %), 7g (59.7 %), and 7q (77.5 %) were the least cytotoxic. These
values are even lesser than the standard cytotoxic drugs Cyclophos-
phamide, Cisplatin, and Curcumin, a natural reference compound
(Table 2). These in vitro enzyme inhibition data altogether suggest that
isatin-based Schiff base derivatives incorporating ibuprofen and mefe-
namic acid could significantly inhibit urease and α–glucosidase en-
zymes, keeping a safe profile towards MNCs.

3.3. Docking studies

3.3.1. Urease inhibitory interactions
For the molecular docking study, the six most potent derivatives

from this series were selected and the results are shown in Table 3. The
results were found to be in accordance with the in vitro enzyme inhibi-
tion studies against urease. Among the derivatives, compound 7r (IC50
= 11.36 ± 1.32 μM) was discovered to be the best-in-class inhibitor,
with a docking score of − 6.9236. This compound formed four conven-
tional hydrogen bonds with Asp224, His222 and Cys322, two strong
metal acceptor interactions with Ni798 and Ni799, and several other
interactions. This compound, along with 7i (IC50 = 13.38 ± 1.75 μM,
docking score = − 6.9166) and 7j (IC50 = 16.61 ± 1.37 μM, docking
score = -6.7208), 7a (IC50 = 17.37 ± 1.37 μM, docking score =

Table 3
Docking score and different type of binding interactions of isatin substituted
Schiff base derivatives within the active pocket of urease.

Comp. Docking
Score

Hydrogen bond
interactions

Hydrophobic/Other interactions

7r − 6.9236 Asp224
(Conventional H-
bond)
His222
(Conventional H-
bond)
Cys322 (2
Conventional H-
bonds)

Ni798 (Metal acceptor), Ni799
(Metal acceptor), Ala170 (2 π
− alkyl), His323 (2 π − π stacked),
Ala366 (π-alkyl), Lys169 (π-alkyl),
Lys169 (alkyl-alkyl)

7i − 6.9166 Arg339
(Conventional H-
bond)

Asp224 (π-anion), His 323
(π-alkyl), His 323 (alkyl-alkyl),
Cys322 (π-ϭ), Cys322 (alkyl-alkyl),
Met367 (alkyl-alkyl), Ala366
(π-alkyl)

7j − 6.7208 Asp224 (2
Conventional H-
bonds)
Arg339
(Conventional H-
bond)

Ala170 (2 π-alkyl), Met367 (alkyl-
alkyl), Cys322 (alkyl-alkyl),
His323 (π-alkyl), Met318 (alkyl-
alkyl)

7a − 6.5107 Glu166
(Conventional H-
bond)

Trp225 (π-π T-shaped), Ala170 (2
π-alkyl), Asp224 (π-anion), His323
(π-alkyl), Cys322 (π-ϭ)

7o − 6.4348 Ala366
(Conventional H-
bond)
His323 (Carbon H-
bond)

His324 (π-π T-shaped), Cys322
(π-sulphur), Ala170 (2 π-alkyl),
His222 (π-alkyl), His249 (π-alkyl),
His323 (π-alkyl), Cys322 (π-alkyl),
Glu166 (π-anion), Lys169 (2
π-alkyl)

7b − 6.0363 Glu166 (Carbon H-
bond)

Asp224 (2 π-anion), Ala170 (2
π-alkyl), Cys322 (π-ϭ), His 323
(π-alkyl), Trp225 (π- π T-shaped)

Fig. 4. 3D and 2D interactions of most potent inhibitors within the active pocket of urease.
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− 6.5107), 7o (IC50 = 18.63 ± 1.27 μM, docking score = − 6.4348), and
7b (IC50 = 20.56 ± 1.49 μM, docking score = − 6.0363), established
strong hydrogen bond interactions, alkyl-alkyl interactions, π-alkyl in-
teractions, π-π interactions, and several other interactions. Fig. 4 depicts
the 2D and 3D interactions.

3.3.2. α-Glucosidase inhibitory interactions
To evaluate the binding interactions, the five most potent derivatives

were also chosen for molecular docking studies against this enzyme. The
findings were congruent with the in vitro enzyme inhibition studies. The
docking score of the selected compounds is shown in Table 4. All of the
compounds displayed enhanced interactions within the active pocket
and were much more effective than acarbose. Among the most active
derivatives, compound 7d (IC50 = 28.2 ± 1.62 μM) has been identified
as the most potent derivative of α-glucosidase enzyme with a docking
score of − 8.5426, forming a conventional hydrogen bond with Arg315
through the carbonyl group of the ibuprofen portion. This compound, as
well as other potent derivatives i.e., 7r (IC50 = 39.3 ± 1.17 μM, docking
score = − 8.4093), 7a (IC50 = 44.1 ± 1.15 μM, docking score =

− 8.3641), 7 g (IC5= 49.2± 1.31 μM, docking score= − 7.9832), and 7q
(IC50 = 55.4 ± 1.41 μM, docking score = − 7.5620), formed strong
hydrogen bond interactions, alkyl-alkyl interactions, π-alkyl in-
teractions, π-π interactions, and several other interactions. Fig. 5 depicts
3D and 2D binding interactions in the active pocket of α–glucosidase
enzyme.

3.4. Prospects of practical applications

Based on the results of the synthesized derivatives, compound 7a
(urease, IC50 = 17.37± 1.37 µM, α-glucosidase, IC50= 44.1± 1.15 µM),
7j, (urease, IC50 = 16.61 ± 1.37 µM and α-glucosidase, IC50 = 81.2 ±

1.33 µM), 7o, (urease, IC50 = 18.63 ± 1.27 µM and α-glucosidase, IC50
= 70.3 ± 1.14 µM), and 7r (urease, IC50 = 11.36 ± 1.32 µM and
α-glucosidase, IC50 = 39.3 ± 1.17 µM) had the maximum inhibitory
potency against both jack bean urease (thiourea, IC50 = 21.37 ± 1.76
μM), and Baker’s yeast α-glucosidase (acarbose, IC50 = 375.82 ± 1.76
μM) enzyme. As a result, these derivatives 7a, 7j, 7o and 7r has the
ability to block both target enzymes concurrently. Structural optimiza-
tion, as proposed by molecular docking studies, may improve specificity
and effectiveness. Furthermore, the fact that these derivatives are less

Table 4
Docking score and different types of binding interactions of isatin substituted
Schiff base derivatives within the active pocket of α–glucosidase enzyme.

Comp. Docking
Score

Hydrogen bond
interactions

Hydrophobic/Other interactions

7d − 8.5426 Arg315 (C–H-bond) Phe303 (2 π-π stacked), Arg315
(π-Alkyl), Tyr72 (π-Alkyl)

7r − 8.4093 Asp352
(Conventional H-
bond)
Gln182
(Conventional H-
bond)
His112 (2
Conventional H-
bonds)
His112 (C–H-bond)

Phe314 (2 π-alkyl), Arg315
(π-alkyl), Arg315 (alkyl-alkyl),
Tyr158 (π-π T-shaped), Phe178 (π-π
T-shaped), Tyr72 (π-π T-shaped)

7a − 8.3641 Tyr158
(Conventional H-
bond)
Arg315 (pi-donor
H-bond)

Phe159 (π-alkyl), Arg442 (alkyl-
alkyl), Phe178 (π-alkyl), Arg315 (2
π-alkyl), Tyr158 (π- π T-shaped)

7g − 7.9832 Gln353
(Conventional H-
bond)
Glu411 (C–H-bond)

His280 (π-alkyl), Arg315 (2
π-alkyl), Arg315 (alkyl-alkyl),
Phe159 (π-alkyl), Phe178 (π-alkyl),
Tyr158 (π-alkyl)

7q − 7.5620 Gln279
(Conventional H-
bond)

Tyr72 (π-alkyl), Phe178 (π-π T-
shaped) His351 (2 π-alkyl), Tyr158
(2 π-π T-shaped), Phe314 (π-alkyl),
Phe314 (amide π-stacked), Arg315
(π-alkyl), His280 (π-π T-shaped),
Val216 (π-alkyl)

Fig. 5. 3D and 2D interactions of most potent inhibitors within the active pocket of α-glucosidase.
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cytotoxic boosts their medicinal potential. The dual inhibitory potency
of these derivatives therefore suggested a good option for developing
therapies for both diabetes and gastrointestinal diseases simultaneously.
The next stages will be to undertake in vivo research, develop better
analogues, investigate enzyme inhibition mechanisms, and assess safety
and toxicity. These efforts are aimed at developing the leading multi-
target inhibitors into a viable therapeutic candidates.

4. Conclusion

In conclusion, we have successfully synthesized a series of 18 Schiff
base derivatives incorporating isatin with ibuprofen and mefenamic
drugs. These derivatives were also confirmed through spectroscopic (1H
NMR& 13C NMR) and HRMS analysis. The biological screening revealed
that compounds 7a, 7j, 7o and 7r displayed dual inhibitory potential
towards urease and α–glucosidase enzymes, indicating their potential as
a multitarget enzyme inhibitors. These synthesized compounds
demonstrated significant enzyme inhibitory activities coupled with low
cytotoxicities, showcasing their potential for therapeutic development.
Molecular docking studies suggested that structural optimization could
enhance their efficacy and specificity. The synthesized derivatives might
give a synergistic impact in managing glucose levels and reducing
gastrointestinal disorders by concurrently targeting α-glucosidase and
urease enzymes, being also characterized by a good cytocompatibility.
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