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Abstract Despite all the progress made to enrich the existing bank of drugs used to treat and cure

Alzheimer and cancer patients, there is still a need to research and develop new bioactive candidates

with superior efficacy but minimal side effects. In this context, a new series of anti-

butyrylcholinesterase (anti-BChE), anti-tyrosinase and cytotoxic succinimide linked quinaldine con-

jugates 3a-i was designed and synthesized starting from 8-hydroxyquinaldine. The condensation of

quinoleine-hydrazide 2 with electrophilic species such as aromatic and nonaromatic anhydrides pro-

vided the new compounds 3a-i. These synthesized heterocycles were characterized by spectroscopic

means (1H NMR, 13C NMR and ESI-HRMS). Their anti-butyrylcholinesterase, anti-tyrosinase and

cytotoxic (cervical cancer cell (HeLa) and lung cancer cell (A549)) activities have been evaluated
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in vitro. Compounds 3e and 3 g were found to be more anti-BChE than Galanthamine. Compounds

3d, 3e and 3 g exerted better anti-tyrosinase activity than kojic acid. Also, 3a, 3f and 3 g showed

interesting cytotoxic potential towards HeLa cell lines. These results were supported by the molec-

ular docking analysis (structure–activity relationship (SAR)) to estimate and discuss possible inter-

actions between these derivatives and active sites of proteins butyrylcholinesterase (PDB: 4B0P),

tyrosinase (PDB: 2Y9X) and cytotoxic (topoisomerase IIa enzyme (PDB: 5GWK)).

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is a major disease, the cases of which have not ceased to

increase in recent decades all over the world (Rodrigues et al., 2016;

Teo et al., 2017). Thus, the discovery of new synthesized molecules

for the treatment of cancer remains an important challenge for the

healthcare community. However, human cervical cancer is represent-

ing the second most common cancer disease, after breast cancer, in

the world with an annual incidence of five hundred and twenty-eight

thousand (528.000) new cases in developed countries (Wang et al.,

2018).

Current treatments for cervical cancer have many disadvantages,

such as resistance to drugs loss of efficacy, side-effects and pharma-

cokinetic tolerability (Dasari et al., 2015; Sawaya et al., 2001). There-

fore, development of new drugs effective against cervical cancer is

essential. Moreover, among the different types of malignant tumors,

lung cancer is the deadliest one in worldwide, causing approximately

1.69 million deaths in 2015 (Baek et al., 2018). For the discovery of

potential agents targeting cervical and lung cancers, many efforts have

been focused. Previous research indicates that besides its essential pres-

ence in the central and peripheral nervous systems, cholinesterase

(ChE) also has different isoforms that constitute several other cells

in the body, such as rat kidney cells, erythrocytes, vascular endothelial,

leukocytes, nerve endings, brain and lungs cells (Patocka et al., 2004).

It has been shown that in addition to their role in the hydrolysis of

butyrylcholine, ChEs have other non-classical biological functions that

influence apoptotic sensitivity, cell proliferation and differentiation,

thus showing a possible involvement in tumorigenesis (Xi et al., 2015).

On the other hand, ChE has been shown to be involved in the reg-

ulation of tumor development. Indeed, abnormal expression and struc-

tural alteration of ChE have been observed in several tumors, such as

brain and lung cancers (De Castro et al., 2008; Montenegro et al.,

2006; Muñoz-Delgado et al., 2010; Vidal, 2005).

Melanoma is a threatening tumor expressing tyrosinase, the

immunogenic pigmentation enzyme, and spreads from cells originating

from the neural crest. The increase in tyrosinase activity during

tumorigenesis allows for selective treatment of this kind of tumor

(Vargas et al., 2011). Anterior studies revealed positive results in the

treatment of melanoma with the induction of a cytotoxic T cell

response using tyrosinase as the tumor-associated antigen (Colella

et al., 2000; Meyer et al., 2005).

Alzheimer’s disease (AD) is a chronic neurodegenerative disorder

with the defects in cognitive function and central nervous system

(Yurtta et al., 2017). In AD, there is a thinking loss, memory impair-

ment, neuroinflammation and cognitive decline (Graham, et al., 2017;

Ringman, 2017). At the present time, the total number of people

affected by this disease was over fifty millions (Alzheimer’s

Association, 2015). The exact pathogenesis of this ailment is not fully

known and this disease could be termed as a neurological disorder

caused by multiple factors, such as oxidative stress, hyperphosphory-

lated T-protein, and extracellular b-amyloid plaques (Ringman,

2017; Tang et al., 2012; Tumiatti et al., 2010).

On the other hand, inhibiting the enzymatic activity of butyryl-

cholinesterase BChE, also called pseudocholinesterase or plasma (cho-

lin)esterase, offers a strategy for the treatment of neurodegenerative

diseases by preventing the degradation of choline, an important neuro-
transmitter associated with memory (Makhaeva et al., 2016). The

determination of plasma butyrylcholinesterase activity can also be used

to assess liver function since both hypercholinesterasemia and hypo-

cholinesterasemia indicate a pathological process.

It has been reported that a dual anti-cancer and cholinesterase inhi-

bitory activity is possible and can be considered as a valuable combi-

nation for the treatment of both cancer and AD prevention (Jakub

et al., 2020; Temel, 2017).

Tyrosinase is a copper containing oxidase that extremely exists in

animals, microorganisms and plants and it is responsible for biosynthe-

sis of melanin pigment in skin, eyes and hair by catalyzing the bio-

oxidation of phenol to o-quinone (Fan et al., 2017; Ramsden and

Riley, 2014; Yoshimori et al., 2014). Lately, unregulated tyrosine

action has also been reported to be linked with neurodegenerative dis-

eases (Asanuma et al., 2003; Ghani and Ullah, 2010; Komori et al.,

2014). Inhibiting the tyrosinase activity may reduce the browning of

foods, eliminates hyperpigmentation spots of human skin and causes

a skin-whitening, by preventing the enzymatic oxidation and melanin

production (Zhang et al., 2011).

Recent studies have demonstrated that a variety of natural prod-

ucts, such as alkaloids exhibit excellent anti-tyrosinase (Piechowska

et al., 2020), anticholinesterase (Cespedes et al., 2017) and anticancer

effects (Filali et al., 2016; Luo and Song, 2021; Pompeo et al., 2019).

Among the alkaloids of pharmacological interest, quinoline derivatives

constitute a major class well known for their various biological and

pharmacological activities such as: anticholinesterase (Fig. 1-A)

(Bazine et al., 2020), antimicrobial (Fig. 1-B) (Katariya et al., 2020),

antioxidant (Fig. 1-C) (El-Saghier et al., 2021), anticancer (Fig. 1-D)

(Afzal et al., 2015), antidiabetic (Fig. 1-E) (Ganesan, et al., 2020)

and anti-tyrosinase activities (Fig. 1-F) (Gardelly et al., 2021).

Moreover, the pharmacophore succinimide fragment has received

important attention due to its broad spectrum of biological and phar-

macological applications. Likewise, succinimides are known as anti-

cancer (Fig. 2-A) (Han et al., 2016), anti-diabetic (Fig. 2-B) (Hussain

et al., 2019), antimicrobial (Fig. 2-C) (Cvetković et al., 2019), anti-

cholinesterase (Fig. 2-D) (Ahmad et al., 2019) and anti-tyrosinase

(Fig. 2-E) (Ha et al., 2011) agents.

Encouraged by the data above, we thought of designing and syn-

thesizing new derivatives by combining the 8-hydroxyquinaldine and

succinimide fragments in order to obtain hybrid molecules with inter-

esting biological activities. Such a combination has never been

described before where we find in the same molecule these two moi-

eties, both known for their various biological activities. The evaluation

of anticholinesterase, anti-tyrosinase and cytotoxic activities against

the human cell lines: cervical cancer cell (HeLa) and lung cancer cell

(A549) of all the synthesized compounds has been studied and reported

here. The structure–activity relationship (SAR) was discussed and fur-

ther supported by molecular docking prediction.

2. Experimental

2.1. General experimental methods

All chemicals were obtained from commercial suppliers and
used without further purification. 1H (300 MHz) and 13C

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Structures of bioactive quinoline derivatives.

Fig. 2 Structures of bioactive succinimide derivatives.
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(75 MHz) NMR spectra were recorded on a DPX 300 spec-
trometer (Bruker BioSpin, USA), using CDCl3 and DMSO d6
as solvents and a nondeuterated residual solvent as an internal
standard. Melting points were measured on a DSC-50 Shi-
madzu apparatus (Kyoto, Japan). ESI-HRMS were recorded

with a Q-TOF Agilent mass spectrometer (Agilent Technolo-
gies, Inc).
2.2. Chemical synthesis

2.2.1. General procedure synthesis of ethyl 2-((2-

methylquinolin-8-yl)oxy)acetate (1)

8-Hydroxyquinaldine (1 equiv.) was dissolved in anhydrous
DMF to which ethyl chloroacetate (1.5 equiv.) was added in
the presence of potassium carbonate (2 equiv.). The mixture
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was stirred for 12 h at room temperature, then poured into ice-
cold water, and extracted with ethyl acetate. After removal of
solvent, the resulting residue was purified by silica gel column

chromatography (Petroleum ether (EP)/EtOAc) followed by
the recristallization in ethanol to give compound 1.

2-((2-methylquinolin-8-yl)oxy)acetate (1). White powder,

yield: 92 %; m.p.: 80–82 �C. NMR 1H (300 MHz, CDCl3) d:
8.01 (d, J = 8.4 Hz, 1H), 7.40 (dd, J = 8.2, 1.5 Hz, 1H),
7.36 (d, J = 7.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 6.96

(dd, J = 7.3, 1.5 Hz, 1H), 4.94 (s, 2H), 4.29 (q, J = 7.1 Hz,
2H), 2.79 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). NMR 13C
(75 MHz, CDCl3) d: 169.1, 158.5, 153.2, 139.7, 136.2, 127.9,
125.4, 122.8, 120.9, 110.1, 66.5, 61.5, 25.5, 14.2. HRMS

(ESI) m/z: 246.1126 [M + H]+ calcd. For (C14H16NO3)
+:

246.1130.

2.2.2. General procedure synthesis of 2-((2-methylquinolin-8-yl)
oxy)acetohydrazide (2)

Hoping the preparation of hydrazide 2, compound 1 was stir-
red with hydrazine hydrate (NH2NH2�H2O, 1 equiv.) in etha-

nol under reflux for 5 h. When the reaction is completed, the
precipitate is filtered. The hydrazide 2 was obtained as a white
solid.

2-((2-methylquinolin-8-yl)oxy)acetohydrazide (2). White
powder, yield: 94 %; m.p.: 88–90 �C. NMR 1H (300 MHz,
CDCl3) d: 10.57 (s, 1H, NH), 8.06 (d, J = 8.4 Hz, 1H), 7.48

(dd, J = 8.1, 1.2 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.34 (d,
J = 8.4 Hz, 1H), 7.17 (dd, J = 7.4, 1.1 Hz, 1H), 4.82 (s,
2H), 3.29 (s, 2H, NH2), 2.80 (s, 3H). NMR 13C (75 MHz,

CDCl3) d: 169.1, 158.9, 154.0, 140.1, 136.8, 128.1, 126.1,
123.1, 122.2, 114.3, 71.1, 25.4. HRMS (ESI) m/z: 254.0917
[M + Na]+ calcd. For (C12H13N3O2Na)+: 254.0905.

2.2.3. General procedure synthesis of pyrrolidinedione
derivatives (3a-i)

A mixture of hydrazide 2 (1 equiv.), cyclic anhydride (1 equiv.)
and 10 mL of glacial acetic acid was refluxed for 24 h. After

completion of the reaction, the solid product formed was col-
lected by filtration and washed twice with water to give 3a-i as
white powders in 50–87 % yields. Their perfect purity has been

well confirmed through their 1H and 13C NMR spectra given
as supplementary materials.

N-(1,3-dioxoisoindolin-2-yl)-2-((2-methylquinolin-8-yl)ox

y)acetamide (3a). White powder, yield: 71 %; m.p.: 138–
140 �C. NMR 1H (300 MHz, CDCl3) d: 12.73 (s, 1H, NH),
8.11 (d, J = 8.5 Hz, 1H), 7.91 (dd, J = 5.4, 3.1 Hz, 2H),

7.78 (dd, J = 5.4, 3.0 Hz, 2H), 7.58 (d, J = 7.8 Hz, 1H),
7.49 (t, J = 7.9 Hz, 1H), 7.34 (dd, J = 10.7, 7.9 Hz, 2H),
5.02 (s, 2H), 2.62 (s, 3H). NMR 13C (75 MHz, CDCl3) d:
168.8, 165.1, 158.5, 137.3, 134.6, 130.5, 128.2, 126.4, 124.0,

123.1, 123.0, 116.8, 72.6, 25.0. HRMS (ESI) m/z: 362.1141
[M + H]+ calcd. For (C20H16N3O4)

+: 362.1141.
N-(1,3-dioxo-1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoisoin

dol-2-yl)-2-((2-methylquinolin-8-yl)oxy)acetamide (3b). White
powder, yield: 76 %; m.p.: 160–162 �C. NMR 1H (300 MHz,
CDCl3) d: 12.12 (s, 1H, NH), 8.09 (d, J = 8.5 Hz, 1H), 7.54

(dd, J = 8.2, 1.3 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 7.33 (d,
J = 6.0 Hz, 1H), 7.30 (dd, J = 6.3, 1.1 Hz, 1H), 6.21 (s,
2H), 4.92 (s, 2H), 3.45 (dt, J = 4.5, 1.6 Hz, 2H), 3.37 (dd,

J = 2.8, 1.6 Hz, 2H), 2.65 (s, 3H), 1.78 (dt, J = 8.8, 1.7 Hz,
1H), 1.56 (d, J = 8.7 Hz, 1H). NMR 13C (75 MHz, CDCl3)
d: 173.8, 167.7, 158.5, 137.3, 134.9, 128.2, 126.4, 123.1, 122.8,
116.4, 72.3, 52.0, 48.5, 46.6, 45.1, 44.5, 25.1. HRMS (ESI)
m/z: 378.1456 [M + H]+ calcd. For (C21H20N3O4)

+:

378.1454.
N-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)-2-((2-me

thylquinolin-8-yl)oxy)acetamide (3c). White powder, yield:

87 %; m.p.: 184–186 �C. NMR 1H (300 MHz, DMSO d6) d:
11.56 (s, 1H, NH), 8.66 – 8.45 (m, 4H), 8.27 (d, J = 8.4 Hz,
1H), 7.97 – 7.89 (m, 3H), 7.62 (dd, J = 8.1, 1.2 Hz, 1H),

7.52 (t, J = 7.9 Hz, 1H), 7.46 (d, J = 8.5 Hz, 1H), 7.42 (dd,
J = 7.6, 1.2 Hz, 1H), 5.11 (s, 2H), 2.64 (s, 3H). NMR 13C
(75 MHz, DMSO d6) d: 167.5, 161.4, 157.7, 136.3, 135.4,
135.2, 132.4, 131.5, 127.5, 127.4, 125.8, 122.6, 121.6, 121.4,

119.0, 113.5, 68.8, 24.8. HRMS (ESI) m/z: 412.1296
[M + H]+ calcd. For (C24H18N3O4)

+: 412.1297.
N-((3aR,7aS)-1,3-dioxo-1,3,3a,4,7,7a-hexahydro-2H-isoin

dol-2-yl)-2-((2-methylquinolin-8-yl)oxy)acetamide (3d). White
powder: 70 %; m.p.: 134–136 �C. NMR 1H (300 MHz, CDCl3)
d: 12.75 (s, 1H, NH), 8.09 (d, J = 8.5 Hz, 1H), 7.55 (dd,

J = 8.1, 1.1 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 7.34 – 7.29
(m, 2H), 6.02 – 5.90 (m, 2H), 4.94 (s, 2H), 3.33 – 3.14 (m,
2H), 2.70 – 2.61 (m, 2H), 2.59 (s, 3H), 2.36 – 2.23 (m, 2H).

NMR 13C (75 MHz, CDCl3) d: 176.3, 158.4, 137.3, 128.2,
127.9, 126.4, 125.4, 123.1, 122.9, 116.6, 72.4, 40.0, 37.8, 26.1,
24.9, 23.6. HRMS (ESI) m/z: 366.1455 [M + H]+ calcd. For
(C20H20N3O4)

+: 366.1454.

N-((3aR,7aS)-1,3-dioxooctahydro-2H-isoindol-2-yl)-2-((2-
methylquinolin-8-yl)oxy)acetamide (3e). White powder, yield:
72 %; m.p.: NMR 1H (300 MHz, CDCl3) d: 12.40 (s, 1H,

NH), 8.10 (d, J = 8.5 Hz, 1H), 7.56 (dd, J = 8.2, 1.3 Hz,
1H), 7.51 – 7.43 (m, 1H), 7.33 (dd, J = 7.9, 1.6 Hz, 2H),
4.96 (s, 2H), 3.06 – 2.95 (m, 2H), 2.94 – 2.85 (m, 2H), 2.64

(s, 3H), 2.14 – 1.98 (m, 2H), 1.96 – 1.86 (m, 2H), 1.86 – 1.69
(m, 2H). NMR 13C (75 MHz, CDCl3) d: 180.1, 176.3, 168.3,
158.4, 137.3, 128.2, 126.4, 123.1, 122.9, 116.4, 72.3, 42.6,

38.9, 26.2, 24.9, 24.1, 23.8, 21.9. HRMS (ESI) m/z: 368.1614
[M + H]+ calcd. For (C20H22N3O4)

+: 368.1610.
N-(5-methyl-1,3-dioxoisoindolin-2-yl)-2-((2-methylquino

lin-8-yl)oxy)acetamide (3f). White powder, yield: 83 %; m.p.:

150–152 �C. NMR 1H (300 MHz, DMSO d6) d: 11.48 (s, 1H,
NH), 8.27 (d, J = 8.5 Hz, 1H), 7.90 – 7.79 (m, 2H), 7.74 (d,
J = 7.4 Hz, 1H), 7.65 – 7.58 (m, 1H), 7.54 – 7.43 (m, 2H),

7.35 (dd, J = 7.6, 1.2 Hz, 1H), 5.08 (s, 2H), 3.29 (s, 3H),
2.64 (s, 3H). NMR 13C (75 MHz, DMSO d6) d: 168.01,
164.9, 164.9, 157.8, 153.4, 146.4, 139.4, 136.4, 135.6, 129.7,

127.8, 126.7, 125.8, 124.2, 123.7, 122.7, 121.6, 113.8, 68.9,
24.8, 21.4. HRMS (ESI) m/z: 376.1308 [M + H]+ calcd. For
(C21H18N3O4)

+: 376.1297.
N-(1,3-dioxo-1,3,4,5,6,7-hexahydro-2H-isoindol-2-yl)-2-((2

-methylquinolin-8 yl)oxy)acetamide (3 g). White powder:
84 %; m.p.: 144–146 �C. NMR 1H (300 MHz, DMSO d6) d:
11.25 (s, 1H, NH), 8.26 (d, J = 8.4 Hz, 1H), 7.59 (dd,

J = 8.1 Hz, 1H), 7.50–7.45 (m, 2H), 7.29 (d, J = 7.8 Hz,
1H), 5.01 (s, 2H), 2.64 (s, 3H), 2.29 (s, 4H), 1.70 (s, 4H).
NMR 13C (75 MHz, DMSO d6) d: 168.1, 167.6, 157.8, 153.4,
140.4, 139.4, 136.3, 127.5, 125.7, 122.6, 121.5, 113.7, 68.8,
66.3, 24.8, 20.6, 19.5. HRMS (ESI) m/z: 366.1459 [M + H]+

calcd. For (C20H20N3O4)
+: 366.1454.

N-(3-methyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2-((met
hylquinolin-8-yl)oxy)acetamide (3 h). White powder: 81 %; m.
p.: 130–132 �C. NMR 1H (300 MHz, CDCl3) d: 12.39 (s, 1H,
NH), 8.13 (d, J = 8.4 Hz, 1H), 7.56 (dd, J = 8.2, 1.1 Hz,
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1H), 7.49 (t, J = 7.8 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.34
(dd, J = 7.5, 1.2 Hz, 1H), 6.45 (dd, J = 3.4, 1.6 Hz, 1H), 4.96
(s, 2H), 2.67 (s, 3H), 2.14 (d, J = 1.8 Hz, 3H). NMR 13C

(75 MHz, CDCl3) d: 168.7, 167.4, 158.5, 154.1, 145.2, 137.6,
128.2, 126.9, 126.5, 123.2, 122.8, 116.2, 72.0, 24.8, 11.6. HRMS
(ESI) m/z: 326.1142 [M + H]+ calcd. For (C17H16N3O4)

+:

326.1141.
N-(3,4-dimethyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2-

((methylquinolin-8 yl)oxy)acetamide (3i). White powder:

78 %; m.p.: 138–140 �C. NMR 1H (300 MHz, DMSO d6) d:
11.86 (s, 1H, NH), 8.27 (d, J = 8.4 Hz, 1H), 7.58 (d,
J = 8.1 Hz, 1H), 7.50–7.45 (m, 2H), 7.29 (d, J = 7.6 Hz,
1H), 4.97 (s, 2H), 2.65 (s, 3H), 1.95 (s, 6H). NMR 13C

(75 MHz, DMSO d6) d: 168.8, 168.0, 157.8, 153.3, 139.3,
136.5, 127.5, 125.8, 122.7, 121.5, 113.6, 68.7, 24.8, 8.6. HRMS
(ESI) m/z: 340.1295 [M + H]+ calcd. For (C18H18N3O4)

+:

340.1297.

2.3. Biological evaluation

2.3.1. Anti butyrylcholinesterase activity

Anticholinesterase (BChE) activity was assayed as described

by Ellman et al. method with some modifications (Znati
et al., 2020). 50 lL of buffer phosphate solution (pH = 8,
0.1 M), 25 mL of BChE (equine serum, Sigma-Aldrich),
25 mL of the synthesized compounds (100 mM in DMSO

1 % dissolved in in the same buffer) and 125 lL of 5,5-
dithiobis-2-nitrobenzoic acid (DTNB) (3 mM in buffer, pH
8.1). The mixtures were incubated for 15 min at room temper-

ature. The reaction was then initiated with the addition of
25 lL of butyarylthiocholine iodide BTCI and measured at
412 nm by Thermo-fisher scientific mutliscan GO�. Anti-

BChE activity was calculated as a percentage compared to
an assay using a buffer without test sample using nonlinear
regression. IC50 values are means ± SD. Galanthamine was

used as a positive control.

2.3.2. Anti-tyrosinase activity

Anti-tyrosinase activity was studied according to literature

protocol with slight modifications (Chortani et al., 2019).
880 lL of substrate (L-Dopa dissolved in 50 mM phosphate
buffer, pH 6.8, 2 mM) was mixed with 100 lL of the synthe-
sized compounds (in DMSO) at 25 �C for 2 min. Next,

20 lL of mushroom tyrosinase enzyme (1000 U/mL in phos-
phate buffer (0.1 M)) was added to initiate the mixture. The
assay reaction was incubated at 25 �C for 10 min. The increase

in absorbance at 475 nm due to the formation of amount of
dopachrome was monitored by spectrophotometry. Anti-
tyrosinase activity was calculated as a percentage compared

to an assay using a buffer without test sample using nonlinear
regression. IC50 values are means ± SD. Kojic acid was used
as a positive control. All measurements were conducted in

triplicate.

2.3.3. Cytotoxic activity

The synthesized compounds were tested for their cytotoxic

activity towards two human cells lines; cervical cancer cell
(HeLa) and a human lung cancer cell (A549), as well as on nor-
mal mouse fibroblast cell line (L929) (Zardi-Bergaoui et al.,

2019). Cells were seeded at 5*103 cells/well in 100 mL of growth
medium and incubated at 37 �C for 24 h to adhere. The cells
were treated by synthesized derivatives (1 lL at different con-
centrations) and incubated for 48 h; then 10 mL of (3-[4,5-dime

thylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT)
(5 mg/mL) was added to each well and the incubation for
2 h. Then, 100 mL of DMSO were added to each well. The

absorbance was measured at 540 nm by spectrophotometry.
Ellipticine (A549) and Doxorubucin (HeLa) were used as pos-
itive controls and the assays were performed in triplicate. The

percentages of cell growth were calculated as follow: Cell
growth (%) = [A (sample)/ A (control)] � 100 and IC50

(mM) were obtained by logarithmic curve.

2.4. Molecular docking procedure

Structures of the studied products were generated and opti-
mized using ACD (3D viewer) software. The enzymatic crystal

structures of tyrosinase (PDB: 2Y9X), cholinesterase (PDB:
4B0P) and DNA topoisomerase IIa (PDB: 5GWK) were
downloaded from the protein data bank (https://www.rcsb.

org). Before starting, water molecules and the complexed inhi-
bitor ligands were removed. Then, the polar hydrogens were
added to the protein structures. Hence, the grid box in the

three target enzymes are with spacing of 0.375 Å. The grid
box is of dimension 40 � 45 � 40 points and centered with
the coordinates x: �8.684, y: �29.177, and z: �44.399 for
anti-tyrosinase activity (Tyrosinase, PDB: 2Y9X). For anti-

cholinesterase activity (Butyrylcholinesterase, PDB: 4B0P), it
is of 50 � 40 � 40 points and centered with the coordinates
x: 40.415, y: 20.400, and z: 23.480 and 40 � 40 � 40 points

and centered with the coordinates x: 23.350, y: �38.580, and
z: �59.570 for cytotoxic activity (DNA topoisomerase IIa,
PDB: 5GWK).

The molecular docking analysis of the potent active prod-
ucts at enzymatic binding sites was performed using AutoDock
Vina software (Trott and Olson, 2010). Binding poses and

ligand-enzyme interactions were construed with Python Mole-
cule Viewer and Biovia Discovery Studio Visualizer.

2.5. Statistical analysis

Statistical analysis was carried out with the help of Graph Pad
Prism 7.0 (Graph Pad Software Inc., CA, and USA). All the
experimental data are given as the mean ± standard error of

the mean (SEM). The difference between two groups was eval-
uated using Student’s t-test. Significant difference among three
or more groups was determined by one-way ANOVA with a

post hoc analysis.

3. Results and discussion

3.1. Chemistry

Our approach to the target compounds 3a-i, firstly started by
the construction of the ester skeleton 1, via condensation reac-
tion of 8-hydroxyquinaldine with ethyl chloroacetate to give
the corresponding ester. The starting compound 1 was

obtained in good yield (92 %) (Scheme 1). The structure of
compound 1 was established according to its spectral data
(1H and 13C NMR spectra and ESI-HRMS). In fact, in addi-



Scheme 1 Synthetic pathway to quinoline hydrazide 2.

6 M. Zayene et al.
tion to the signals corresponding to the protons introduced by
the 8-hydroxyquinaldine, new signals of the ester moiety (2-
ethoxy-2-oxoethyl) were observed in the 1H NMR spectrum,
which also showed a singlet at d 4.94 (2H) assigned to the

methylene group, a quadruplet at d 4.29 (q, J = 7.1 Hz, 2H)
attributable to the methylene group, and a triplet at d 1.29
(t, J = 7.1 Hz, 3H) relative to the methyl protons. The 13C

NMR spectrum confirmed the introduction of the ester group
by the observation of new signals at d 14.2, 66.5 and 169.1
attributable to methyl, methylene and carbonyl groups, respec-

tively. Furthermore, the quinoline hydrazide 2 was prepared
by condensation of the compound 1 with hydrazine hydrate
in ethanol at room temperature (Scheme 1). The 1H NMR

spectrum of compound 2 showed the presence of new signals,
attributable to NH and NH2 protons of the hydrazide moiety
at d 10.57 (s, 1H, NH) and 3.29 (s, 2H, NH2), respectively.

Hydrazide 2 constitutes an important intermediate for the

formation of diverse heterocyclic derivatives known for their
high reactivity and their bioactivity (Gan et al., 2017;
Sławiński et al., 2017). This has aroused our attentiveness for

its use to design and synthesize the new target compounds
3a-i by using the hydrazide function in 2 to attach a succin-
imide moiety to the quinaldine (Table 1).

The hydrazide 2 was reacted with a series of cyclic anhy-
drides under refluxing glacial acetic acid for 24 h to give com-
pounds 3a-i in good yields (70–87 %) (Table 1). The newly
formed derivatives 3 were characterized by their 1H and 13C

NMR spectra and ESI-HRMS. The 1H NMR spectra of com-
pounds 3a-i showed, in addition to the signals of the quinal-
dine moiety, the appearance of a new singlet at d 11.25–

12.75 due to the NH group. The 13C NMR spectra of the same
derivatives essentially showed the appearance of a new signal
relative to the carbonyl group at d 158.4–180.1.

3.2. Biological evaluation

3.2.1. Anti butyrylcholinesterase activity

The butyrylcholinesterase inhibitory of compounds 3a-i and
their precursors 1 and 2 has been assayed and the IC50 (mM)
values are indicated in Table 2. The results showed that com-

pound 2 (IC50 = 33.2 ± 2.0 mM) was found to be more active
than its precursor 1 (IC50 = 69.2 ± 3.4 mM). This finding can
be explained the incorporation of the hydrazide group (Bingul

et al., 2020; Sıcak et al., 2019). On the other hand, the com-
pounds 3a-i displayed higher activity than 1 and 2 with IC50

values ranging from 1.1 ± 0.2 to 58.0 ± 2.0 mM. These results

reveal the importance of the association between succinimide
and quinoline to inhibit the BChE enzyme (Ahmad et al.,
2020; Sadiq et al., 2015). Indeed, the compound 3 g with a suc-

cinimide moiety bearing a 3,4,5,6-tetrahydrophthalic group
displayed the highest anti-BChE effect with an IC50 value of
1.1 ± 0.2 mM, followed by 3e (IC50 = 3.1 ± 0.5 mM) with
a succinimide moiety bearing a 4-cyclohexene-cis-1 2-
dicarboxylic system. These two compounds exerted better
activities than Galanthamine used as a positive control

(IC50 = 3.7 ± 0.3 mM). These findings show the importance
of the non aromatic moieties introduced by the used anhy-
drides (case of 3 g and 3e) in improving this activity compared

to aromatic systems attached to the corresponding anhydrides
used to prepare 3a, 3c and 3f. The comparison of the anti-
BChE effect of 3d (IC50 = 9.1 ± 1.0 mM) bearing a 1,2,3,6-

tetrahydrophthalic (D4,5) with that of 3 g (IC50 = 1.1 ± 0.2
mM) with a 3,4,5,6-tetrahydrophthalic (D1,2), allows to con-
clude that the position of the double bond in the tetrahydroph-

thalic moiety intervenes to increase/decrease the BChE
inhibitory. It has been noticed, on the other hand, that the
additional methyl group on the pyrrole-2,5-dione ring in the
compound 3i compared to its analogue 3 h with only one

methyl group in the same ring, contributed, via its donor
inducing effect, to enhance this activity, but while remaining
less active compared to compounds 3a, 3c, 3d, 3e, 3f and 3 g.

The contribution of the succinimide and the quinoline moi-
eties to the anti-BChE activity is supported by the data of the
literature which show the importance of both moieties in

improving the anti-BChE potential (Ahmad et al., 2020;
Gardelly et al., 2021; Mo et al., 2019).

3.2.2. Anti-tyrosinase activity

All the synthesized derivatives 1, 2 and 3a-i, were evaluated for
their in vitro anti-tyrosinase activity. According to the IC50 val-
ues shown in Table 2, it was found that derivatives 3a-i, except

compounds 3c, 3 h and 3i, were more active than their precur-
sors 1 and 2, demonstrating the clear important contribution
of the introduced succinimide moiety, which appears to be
involved in the anti-tyrosinase activity. Compounds 3d, 3e

and 3 g were found to display the highest tyrosinase inhibiting
potential (IC50 = 4.7 ± 1.0, 6.9 ± 1.9 and 8.1 ± 1.9 mM,
respectively) compared to the positive control kojic acid

(IC50 = 13.6 ± 0.5 lM). Indeed, the compound 3d with a
cis-1,2,3,6-tetrahydrophthalic system exhibited the highest
activity. By comparing the structures and activities of deriva-

tives 3d and 3e, it was found that the presence and the position
of the double bond in the succinimide system in 3d is certainly
at the origin of the improvement of this activity. On the other

hand, the higher activity of compound 3f with a 4-
methylphtalic system (IC50 = 15.9 ± 1.2 mM) compared with
that of 3a bearing an unsubstituted phthalic system (IC50 =
23.2 ± 2.1 mM) shows that the methyl group in C-4 position

in 3f is clearly at the origin of the improvement of the anti-
tyrosinase activity.

The results showed the net contribution, even the responsi-

bility, of the introduced succinimide fragment to improve the



Table 1 Synthetic pathway to compounds 3a-i: structures and yields.

.

Entry Product Entry Product

3a

71 %

3f

83 %

3b

76 %

3 g

84 %

3c

87 %

3 h

81 %

3d

70 %

3i

78 %

3e 72 %
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activity of precursors 1 and 2. This finding was found in good
agreement with the literature data showing the contribution of

the succinimide fragment in some anti-tyrosinase molecules
(Chortani et al., 2019; Zhao et al., 2020).

3.2.3. Cytotoxic activity

The cytotoxic effects of synthesized heterocyclic 3a-i and their
precursors 1 and 2 were evaluated towards HeLa and A549
cancer cell lines, as well as on L929 (normal mouse fibroblast

cell line) using the standard MTT assay. The obtained results
of the cytotoxic activity are presented in Table 2, and all the
tested compounds did not show any toxicity against L929 cell

line (IC50 > 500 lM). It was found that the hydrazide 2 is
more active than the ester 1 against HeLa with IC50 values
of 12.1 ± 1.5 and 44.6 ± 3.0 mM, respectively. This finding
showed that the NH-NH2 system is more effective than the
ethoxy group against HeLa cell line (Çıkla et al., 2013;

Roullier et al., 2010). On the other hand, the succinimide
derivatives 3a-i, exhibited an interesting activity against cervi-
cal cancer cell (HeLa) and lung cancer cell (A549) with IC50

values ranged from 0.7 ± 0.1 to 44.0 ± 3.7 mM, except 3 h

and 3i which showed no effect against HeLa, and 3c towards
A549 (IC50 > 100 mM). Indeed, the high activity of most

derivatives 3 confirmed the contribution of the succinimide
moiety to this activity. This result was supported by some pre-
vious works showing the cytotoxic activity of several succin-
imide derivatives against various cancer cell lines. In fact, the

manner of attachment of this group in the molecule certainly
affects the cytotoxic activity (Luo et al., 2019; Milosevic
et al., 2017). The results showed that the derivative 3f dis-



Table 2 BChE inhibition capacity (IC50 (lM)), anti-tyrosinase (IC50 (lM)) and cytotoxicity (Hela and A549 cells lines) (IC50 (lM)) of

all target compounds.

Sample Anticholinesterase IC50 (lM)* Anti-tyrosinase IC50 (lM)* Cytotoxicity IC50 (lM)**

HeLa A549

1 69.2 ± 3.4 k ˃ 100 h 44.6 ± 3.0j ˃ 100j

2 33.2 ± 2.0 h ˃ 100 h 12.1 ± 1.5 h ˃ 100j

3a 15.1 ± 1.1f 23.2 ± 2.1f 2.0 ± 0.2c 44.0 ± 3.7i

3b 40.4 ± 2.7i 37.2 ± 2.2 g 13.2 ± 1.3f 19.1 ± 2.0 g

3c 07.0 ± 1.2d ˃ 100 h 13.9 ± 1.7i ˃ 100j

3d 09.1 ± 1.0e 4.7 ± 1.0b 10.0 ± 1.5e 11.5 ± 1.0c

3e 03.1 ± 1.2c 6.9 ± 1.9c 14.0 ± 1.0 g 18.2 ± 1.8e

3f 07.6 ± 1.3d 15.9 ± 1.2e 0.7 ± 0.1b 39.2 ± 3.0 h

3 g 01.1 ± 1.2b 8.1 ± 1.9d 1.7 ± 0.4d 5.1 ± 0.8b

3 h 58.0 ± 2.0j ˃ 100 h ˃ 100 h 25.3 ± 1.0f

3i 29.3 ± 1.8 g ˃ 100 h ˃ 100 h 19.7 ± 1.1d

Doxorubicin 0.3 ± 0.02a

Ellipticine 0.3 ± 0.07a

Galanthamine 3.7 ± 0.3a

Kojic acid 13.6 ± 0.5a

Values in a column followed by the same superscript letter are not significantly different at P < 0.05 (LSD test).
* IC50 values represent the concentration of inhibitor required to decrease enzyme activity by 50 % and are the mean of three independent

measurements, each performed in triplicate.
** Cytotoxicity as IC50, for each cell line, is the concentration of compound that inhibits of 50 % the cell multiplication after 48 h of treatment.
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played the most potent cytotoxic effect against HeLa cell line
with an IC50 value of 0.7 ± 0.1 mM, followed by 3 g and 3a

(IC50 = 1.7 ± 0.4 and 2.0 ± 0.2 mM, respectively). The
increase in the cytotoxic activity of compound 3f compared
to that of the precursor 2 was surely due to the simple 4-

methylphtalic moiety introduced by the corresponding
anhydride.

The two cancer cell lines used (HeLa and A549) showed a

particular sensitivity to the derivative 3 g (3,4,5,6-
tetrahydrophthalic group) compared to the rest of the synthe-
sized compounds. In fact, the derivative 3 g showed an inter-
esting activity against the two human cancer cell lines

(IC50 = 1.7 ± 0.4 mM, HeLa) and (IC50 = 5.1 ± 0.8 mM,
A549). The comparison of the activity of 3a (phtalic) with that
of 3f (4-methylphtalic), demonstrated that the methyl group in

the structure of 3f is responsible for the increase in cytotoxic
potency. In addition, the compound 3a (phtalic; IC50 = 7.7
± 1.2 mM) was found to be five time more active against

HeLa cell line than its analogue 3c (napthalic; IC50 = 13.9 ±
1.7 mM). The loss in activity can be explained by the extent of
conjugation in the naphalic system as well as its larger dimen-
sion compared to the phtalic one. It has been noticed that com-

pounds 1, 2 and 3c showed a selective cytotoxic power against
the cell lines used, they exerted an activity towards HeLa but
they were inactive against A549, while compounds 3 h and 3i

were only cytotoxic towards A549.

3.3. Molecular docking studies

The in silico experiments of molecular docking can show the
binding mode and the ability of molecules to fit well into the
active binding site of enzymes, which rationalize and explain

in vitro biological activities (Saidi et al., 2020; Saidi et al.,
2022).
3.3.1. Molecular docking analysis for anti-butyrylcholinesterase
activity

Butyrylcholinesterase (EC 3.1.1.8) is a non-specific cholinester-
ase enzyme. It hydrolyzes several choline-based esters (Chen

et al., 2018). Butyrylcholinesterase crystal structure with
PDB: 4B0P is composed of a chain A with sequence length
of 529 amino acids (https://www.rcsb.org/structure/4B0P). In

depth, molecular docking analysis was executed to investigate
the binding mode of the most anti-butyrylcholinesterase com-
pounds (3e and 3 g) within the active binding site of MF5 (1-
(1-methylpyridin-1-ium-2-yl)-N-[[2,3,4,5,6-pentakis(fluoranyl)

phenyl]methoxy]methanimine: the standard complexed ligand)
in the protein crystal structure of the enzyme (https://www.
rcsb.org/structure/4B0P).

The binding modes of MF5 and compounds 3e and 3 g

within the active site of butyrylcholinesterase enzyme are com-
pared below.

The standard complexed ligand (MF5) and the two potent
anticholinesterase compounds (3e and 3 g) share an important
number of interactions, which suggests that compounds 3e and
3 g are in the perfect bonding pose (Table 3).

From the molecular docking results (Table 3), it was
observed that MF5, the standard complexed ligand with the
butyrylcholinesterase enzyme (PDB: 4B0P), exhibited a good

binding energy of �8.8 kcal/mol and implicated in nine non-
covalent interactions with six amino acids. On the other hand,
the mode of binding showed that MF5 is implicated in three

halogen (Fluorine) bonds with ASP70, PRO285 and
ALA328 residues, a Pi-Pi Stacked bond with TYR332, two
carbon-hydrogen bonds with ASP70 and HIS438, and three

Pi-Alkyl interactions with TRP82 and HIS438.
The compound 3 g, the potent in vitro anti-

butyrylcholinesterase derivative, exhibited an excellent binding
energy of �10.0 kcal/mol, which will allow it to fit better than

https://www.rcsb.org/structure/4B0P
https://www.rcsb.org/structure/4B0P
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MF5 into the active site of the butyrylcholinesterase enzyme.
The mode of binding shows that it is implicated in thirteen
non-covalent interactions with eight amino acids. Accordingly,

molecular insight of docking analysis suggests that it is
involved in two conventional hydrogen bindings with
THR120 and SBG198 residues, five Pi-Pi Stacked bonds with

the TRP82 and HIS438, two carbon-hydrogen bindings with
ASP70 and TYR332, three Pi-Alkyl interactions with TRP82
and ALA328, and an alkyl bond with VAL288 (Table 3).

The compound 3e carried out an important binding energy
of �10.4 kcal/mol. It fits favorably into the enzymatic active
site, better than 3 g and MF5. The binding mode of 3e shows
that it is implicated in twelve non-covalent interactions with

seven amino acids. Consequently, it is involved in two conven-
tional hydrogen bindings with THR120 and SBG198 residues,
five Pi-Pi Stacked bonds with the TRP82 and HIS438, a

carbon-hydrogen binding with ASP70, three Pi-Alkyl interac-
tions with TRP82 and ALA328, and an alkyl bond with
LEU286 (Table 3).

3.3.2. Molecular docking analysis for anti-tyrosinase activity

The tyrosinase (EC 1.14.18.1) is a polyphenoloxidase enzyme
frequently associated with pigmentation. It is the key enzyme

of the first step in the melanogenesis (Ismaya et al., 2011;
Zhang et al., 2011). The structure of tyrosinase enzyme is com-
posed of tetrameric subunits, chains A-D, with a sequence

length of 391 amino acids (https://www.rcsb.org/structure/
2Y9X). Tyrosinase is a binuclear copper-containing enzyme
catalyzes the conversion of L-tyrosine to L-DOPA (L-3,4-

dihydroxyphenylalanine) and L-DOPA to L-DOPA quinone,
which is further polymerized to constitute melanins (Ismaya
et al., 2011; Zhang et al., 2011). Extensive molecular docking
analysis was carried out to elucidate the interactions of the

potent anti-tyrosinase compounds (3d and 3e) within the bind-
ing pocket of 0TR (tropolone: the standard complexed ligand)

in PDB: 2Y9X (https://www.rcsb.org/structure/2Y9X).
The binding modes of the tropolone (0TR) and compounds

(3d and 3e) within the tyrosinase enzyme are compared below.

The standard complexed ligand (0TR) and the two potent
anti-tyrosinase compounds (3d and 3e) share important inter-
actions with the two residues SER282 and VAL283. Therefore,

compounds 3d and 3e are in the perfect bonding pose
(Table 4).

From the in silico docking results (Table 4), it was observed
that the tropolone, the standard complexed ligand with the

tyrosinase enzyme (PDB: 2Y9X), exhibited a binding energy
of �5.9 kcal/mol. On the other hand, their binding mode
showed that it is involved in two conventional hydrogen bonds

with SER282 and VAL283 residues.
The compound 3d, the potent in vitro inhibitor of tyrosi-

nase, exhibited a good binding energy of �7.8 kcal/mol, which

will allow it to fit more favorably than the tropolone (0TR)
into the active site of the tyrosinase enzyme. Its binding mode
shows that it is implicated in twelve non-covalent interactions
with seven amino acids. Accordingly, molecular insight of

docking analysis suggests that it is involved in three conven-
tional hydrogen bindings with GLY281, SER282 and
VAL283 residues, a Pi-Sigma bond with the VAL283, two

Pi-Pi T-shaped bindings with the PHE264, a carbon-
hydrogen binding with SER282, three alkyl interactions with
PRO277, VAL-283 and ALA286, and two Pi-Alkyl bonds with
HIS263 and VAL283 (Table 4).

The compound 3e carried out an important binding energy

of �7.3 kcal/mol. It fits favorably into the enzymatic active
site. The binding mode of this compound shows that it is impli-
cated in ten non-covalent interactions with six amino acids.

Consequently, the molecular docking analysis suggests that it
is involved in two conventional hydrogen bindings with
SER282 and VAL283 residues, a Pi-Sigma bond with the

VAL283, two Pi-Pi T-shaped with the PHE264, three alkyl
interaction with PRO277, VAL-283 and ALA286, and two
Pi-Alkyl bonds with HIS263 and VAL283 (Table 4).

3.3.3. Molecular docking analysis for cytotoxic activity

The enzyme topoisomerase IIa is preferentially secreted in pro-
liferating cells. It plays a key role in transcription, replication,

repair and catalysis of DNA cleavage. Cancer cells depend on
topoisomerase IIa enzyme more than healthy cells, since they
divide more rapidly. Therefore, topoisomerase IIa inhibition
considered as a target approach for killing cancer and highly

proliferative cells. Consequently, they are of particular interest
(Arencibia et al., 2020; Cowell et al., 2012; Lynch et al., 1997).
The structure of the topoisomerase IIa enzyme (PDB: 5GWK)

is composed of two chains, A and B, with a sequence length of
806 amino acids (https://www.rcsb.org/structure/5GWK).

In addition, molecular docking analysis were executed to

rationalize the observed in vitro cytotoxicity and to explore
the binding mode of the potent active compounds (3a, 3f

and 3 g) within the active site of etoposide (EVP) of the protein

crystal structure of the human topoisomerase IIa enzyme
(PDB: 5GWK) (https://www.rcsb.org/structure/5GWK).

The binding modes of EVP and compounds 3a, 3f and 3 g

within the active site of topoisomerase IIa enzyme are com-

pared below.
The standard complexed ligand (EVP) and the three potent

cytotoxic compounds (3a, 3f and 3 g) share many interactions

with the same residues, which suggests that the docked com-
pounds are in the perfect bonding pose (Table 5).

Etoposide (EVP), the standard complexed ligand with the

DNA topoisomerase IIa enzyme, exhibited an excellent bind-
ing energy of �11.1 kcal/mol and was involved in fifteen
non-covalent interactions with seven residues. It interacts by
a conventional hydrogen bond with the residue ASP463, four

carbon-hydrogen bonds with DC8, DT9 and GLY462, six
Pi-Pi Stacked bonds with DC8, DT9 and DG13, an amide-Pi
Stacked binding with ARG487, an alkyl bond with MET766

and two Pi-Alkyl bonds with ARG487 and DT9 residues
(Table 5).

Compound 3f, the most in vitro cytotoxic product, exhib-

ited an excellent binding energy of �10.6 kcal/mol. The bind-
ing mode shows that it is implicated in fifteen non-covalent
interactions with eight residues. Therefore, the molecular

insight of docking analysis suggests that it is interacts by four
conventional hydrogen bindings with DC-8, SER464 and
GLY488, three carbon-hydrogen interactions with the
GLU461, GLY462 and DT9, five Pi-Pi Stacked bonds with

DC8, DG13 and TYR805, and three Pi-Alkyl bonds with
DC8, DG13 and TYR805 residues (Table 5).

Compound 3a exhibited a good binding energy of

�10.2 kcal/mol and involved in thirteen non-covalent interac-

https://www.rcsb.org/structure/2Y9X
https://www.rcsb.org/structure/2Y9X
https://www.rcsb.org/structure/2Y9X


Table 3 3D pocket positioning and 3D representation of binding modes of MF5 and compounds 3e and 3 g into the hydrophobic

binding pocket of MF5 in PDB: 4B0P.

Code 3D Pocket Positioning 3D representation

3e

3 g

MF5
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Table 4 3D pocket positioning and 3D representation of binding modes of the tropolone and compounds 3d and 3e into the

hydrophobic binding pocket of 0TR in PDB: 2Y9X.

Code 3D Pocket Positioning 3D representation

3d

3e

0TR
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tions with eight amino acids. Therefore, it forms four conven-
tional hydrogen bindings with DC-8, SER464 and GLY488,

three carbon-hydrogen interactions with the GLU461,
GLY462 and DT9, five Pi-Pi Stacked bonds with DC8,
DG13 and TYR805, and a Pi-Alkyl bond with the TYR805

residue (Table 5).
Compound 3 g carried out a significant binding energy of

�9.8 kcal/mol. The mode of binding shows that it is involved

in fifteen non-covalent interactions with ten residues. There-
fore, the molecular docking analysis suggests that it is impli-
cated in four conventional hydrogen bonds with DC-8,
SER464 and GLY488, three carbon-hydrogen interactions
with the GLU461, GLY462 and DT9, two Pi-Pi Stacked bonds

with DC8 and TYR805, an amide-Pi Stacked interaction and a
Pi-Sigma bond with GLY617, and four Pi-Alkyl bonds with
the DC8, DG13, LYS614 and TYR805 residues (Table 5).

4. Conclusion

In this study, we developed an easy and simple method to access to

new hybrid molecules, in good yields, in which quinaldine was linked

to various succinimides. This new combination was achieved by includ-



Table 5 3D pocket positioning and 3D representation of binding modes of EVP and compounds 3a, 3f and 3 g into the hydrophobic

binding pocket of EVP in PDB: 5GWK.

Code 3D Pocket Positioning 3D representation

3a

3f

3 g

EVP
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Table 5 (continued)

Code 3D Pocket Positioning 3D representation
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ing 8-hydroxyquinaldine and electrophilic species (cyclic anhydrides).

We, also, scrutined the anti-butyrylcholinesterase, anti-tyrosinase

and cytotoxic activities of all the synthesized compounds and some

of them exhibited promising anti-butyrylcholinesterase, anti-

tyrosinase and cytotoxic activities, showing for the first time the impor-

tance of having the two quinaldine and succinimide fragments in the

same molecule for biological purposes. Molecular docking analyses

led to conclude that the succinimide moiety is essential for the build-

up and improvement of anti-butyrylcholinesterase, anti-tyrosinase

and cytotoxic activities of quinaldine conjugates 3a-i. In silico Struc-

ture activity-Relationship (SAR) studies were found to be in well

agreement with experimental biological results, showing that the nat-

ure of the anhydride moiety is essential to give significant binding

(Hydrogen bond) interaction with amino acids of enzymes.
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