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A B S T R A C T

Thiosemicarbazones of 2-amino-5-chlorobenzophenone and 3-aminobenzophenone (L1–L4) have been

synthesized and their Cu(II) complexes (1–4) were afforded via coordination with cupric chloride. All

these compounds were characterized by UV–vis and IR spectroscopy together with CHN elemental

analysis. NMR spectroscopy was also applied to characterize the ligands. In vitro cholinesterase

inhibitory assays for the complexes (1–4) showed IC50 values less than 10 mmol/L, with complex

1 exhibiting the most activity, IC50 = 2.15 mmol/L and 2.16 mmol/L for AChE and BuChE, respectively.

Molecular modeling simulation revealed the binding interaction template for complex 1 with the AChE

and BuChE receptors. In DPPH assay, the complexes also showed more in vitro antioxidant activities in

comparison to their parent ligands.

� 2013 Abdussalam Salhin Mohamed Ali. Published by Elsevier B.V. on behalf of Chinese Chemical

Society. All rights reserved.
1. Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia among people over the age of 65 years. 25 million
individuals are now estimated to suffer from this disease
throughout the world [1]. Due to a lack of significant advances
in the treatment of AD, the number of symptomatic AD cases is
predicted to increase in the following years [2].

One of the leading therapeutic strategies in AD treatment is the
use of cholinesterase inhibitors which were shown to ameliorate
the cognitive function and activities of daily living of patients with
AD [3]. According to the cholinergic hypothesis, the pathogenesis
of AD has been linked to a deficit of acetylcholine (ACh), a key
neurotransmitter in learning and memory [4]. In the brain,
acetylcholinesterase (AChE) terminates the activity of ACh by
hydrolyzing it into acetal and choline while butyrylcholinesterase
(BuChE) plays a secondary role by regulating the ACh level. It was
demonstrated that as AD progresses, BuChE activity increases
while AChE activity remain unchanged or decreases [5]. Hence,
either selective BuChE inhibition or dual inhibition of these
enzymes constitutes a promising approach to increase the ACh
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level [6]. Four cholinesterase inhibitors (tacrine, donepezil,
rivastigmine, and galantamine) are approved by the US Food
and Drug Administration [7]. Nevertheless, the applicability of
these drugs is limited due to their adverse side-effects [8].
Consequently, there is still a need to develop new drugs to
antagonize AD.

Transition metal ions such as Cu(II), Zn(II) and Fe(III) accom-
plish a wide range of biological tasks in the brain due to their
involvement in redox reactions. However, in AD patients, these
metal ions were found to be involved in amyloid-b aggregation and
oxidative stress which are the two major pathogenesis of
Alzheimer’s disease [9]. Accordingly, metal chelators which bind
and deactivate transition metal ions in the brain are a feasible
alternative to treat AD patients [10]. Our interest to apply metal
chelator in AD therapy comes from the study by Ikram et al. [11]
where metal based drugs are suggested as potential inhibitors of
AChE and BuChE. Thiosemicarbazones are an important class of
multidentate ligands which provide potential binding sites for a
variety of transition metal ions [12]. Due to their remarkable
biological properties, thiosemicarbazones and their metal com-
plexes have been extensively studied. Cu(II) complexes of
thiosemicrabazones exhibited more significant biological proper-
ties rather than the free ligands [13]. Thiosemicarbazones were
also reported as potent cholinesterase inhibitor [14]. Herein, we
report the synthesis and characterization of thiosemicarbazide
y Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Scheme 1. The reaction scheme for the synthesis of L1–L4.
[(Fig._1)TD$FIG]

Fig. 1. The proposed structure of complex 1.
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substituted benzophenone derivatives and their respective Cu(II)
complexes. These compounds were subsequently evaluated for the
cholinesterase inhibitory activity and antioxidant activity. A
molecular docking simulation was applied to reveal possible
ligand–receptor interactions which give rise to high inhibitory
activity in the most potent compound.

2. Experimental

2.1. Synthesis of thiosemicarbazones

To an ethanolic solution (20 mL) of thiosemicarbazide or 4-
ethyl-3-thiosemicarbazide (3 mmol) was added the respective
benzophenone (3 mmol) dissolved in the same solvent (5 mL). The
mixture was refluxed for 7–8 h in the presence of 2–3 drops of
concentrated H2SO4. This was then cooled to room temperature
and slowly evaporated until sufficient solid was formed.

2.2. Synthesis of Cu(II) complexes

Into a hot ethanolic solution (10 mL) of the respective ligand
(1 mmol) was added cupric chloride (1 mmol) dissolved in a
minimum quantity of ethanol. The mixture was refluxed for 2–3 h.
After keeping the mixture at room temperature for overnight, the
colored solid was filtered from the solution, washed with small
quantity of ethanol and then air dried.

Physical properties and analytical data, IR and electronic
spectral data of the studied ligands and Cu(II) complexes are
showed in supporting information (Table S1–3).

3. Results and discussion

Thiosemicarbazones (L1–L4) were afforded using acid-catalyzed
condensation between 2-amino-5-chlorobenzophenone/3-amino-
benzophenone and thiosemicarbazide analogs in 1:1 molar ratio
(Scheme 1).

Cu(II) complexes (1–4) were obtained through the interaction
of the ligands with CuCl2 in 1:1 or 2:1 molar ratio in ethanolic
Table 1
IC50 values of the cholinesterase inhibitory activities and radical-scavenging assays for

Compound AChE BuChE

IC50 (mmol/L) S.D.a IC50 (mmol/L)

L1 – – –

L2 38.09 5.28 122.23

L3 183.93 11.11 171.07

L4 115.98 15.51 148.21

1 2.15 0.18 2.16

2 3.22 0.26 2.57

3 4.48 0.27 5.52

4 5.32 0.11 7.82

a Standard deviation.
solution. As a representative case, Fig. 1 displays the proposed
structure of complex 1. All of the synthesized compounds were
obtained in satisfactory yields and had been properly characterized
by 1H NMR and 13C NMR, FTIR, UV–vis, and elemental analysis
(CHN) [15]. Since the Cu(II) complexes are paramagnetic, their 1H
NMR spectra could not be obtained.

The inhibitory activities of the test compounds against AChE
and BuChE enzymes were evaluated in vitro by means of modified
Ellman’s method [16] (See supporting information). Results with
physostigmine as the positive control drug show IC50 values of
(0.18 � 0.005) mmol/L and (0.29 � 0.02) mmol/L for AChE and BuChE,
respectively. Meanwhile, IC50 data of the synthesized compounds
against both enzymes are summarized in Table 1. Due to the low
percentage of inhibition (<50%) exhibited by L1 at 50 mg/mL, its IC50

value was not further assessed. Cu(II) complexes generally show higher
inhibitory potency against the cholinesterase enzymes as compared to
the parent ligands, as previously reported by Ikram et al. [11].

Complex 1 shows identical selectivity for AChE and BuChE.
Other compounds display more selectivity on AChE rather than
BuChE, except for L3 and complex 2, which exhibit more selectivity
toward BuChE. Recent studies had clarified that BuChE activity
the test samples.

Selectivity DPPH assay

S.D.a AChE BuChE IC50 (mmol/L) S.D.a

– – – 964.59 6.76

10.82 3.21 0.31 505.46 6.71

11.71 0.93 1.08 – –

10.62 1.28 0.78 – –

0.46 1.00 1.00 33.90 0.04

0.19 0.80 1.25 35.69 0.33

0.34 1.23 0.81 40.19 0.40

0.35 1.47 0.68 237.79 1.05
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Fig. 2. Complex 1 docked into (a) active site of TcAChE (b) active site of hBuChE.
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raises drastically as AD progresses. BuChE are also found at high
concentrations in amyloid plaques and neurofibrillary tangles [17].
Thus, dual inhibitors or selective BuChE inhibitors such as
compounds L3, 1 and 2 may enhance ACh availability in AD
patients.

Oxidative stress was extensively reported as one of the main
symptoms of AD [18], thus the antioxidant capabilities of the
synthesized compounds were also evaluated using DPPH assay
(See supporting information). Complex 1 again shows the most
promising antioxidant effect with IC50 value of 33.90 mmol/L
(Table 1) that is approximately two-fold less effective than
quercetin [IC50 = (14.73 � 0.07) mmol/L] and almost as active as
morin [IC50 = (24.81 � 0.08) mmol/L].

The molecular modeling simulation were undertaken for the
most active compound, complex 1, to investigate and disclose
feasible binding interactions with AChE and BuChE receptors
ensuing its high dual cholinesterase inhibitory properties (See
supporting information).

For AChE receptor, mild polar, hydrophobic and p–p stacking
are the dominant interactions observed with the active site
residues. The p–p stacking interaction with Trp84 at choline
binding site is assumed to be a major factor in appropriate
accommodation of this compound inside the gorge. Tyr70, Tyr121
and Tyr334 at peripheral anionic and Phe330 at choline binding
site are other residues which are possibly assisted docking of
complex 1 to the bottom of the gorge (Fig. 2(a)).

For BuChE, docking simulations revealed that aromatic rings
existing in complex 1 are totally involved in the p–p stacking
interaction with indole moiety of Trp82 at choline binding site.
This interaction along with hydrophobic interaction with the
backbone residues such as Tyr128 and Tyr332 completely
anchored this compound to the bottom of active site gorge
(Fig. 2(b)). It can be proposed that a similar interaction template
of complex 1 with choline binding site residues (Trp84/Phe330
in AChE and Trp82 in BuChE) in both receptors is the major
factor which leads to its high/dual cholinesterase inhibitory
activity.

4. Conclusion

In conclusion, complex 1 which is the most active compound in
AChE and BuChE inhibitory activities, shows equal selectivity for
both enzymes with IC50 = 2.15 mmol/L and 2.16 mmol/L against
AChE and BuChE, respectively. In addition, complex 1 also acts as a
potent antioxidant with an IC50 value of 33.90 mmol/L. Therefore,
thiosemicarbazones in combination with copper are useful in the
inhibition of the cholinesterase enzymes, which is in accordance
with the relative abundance of copper in the brain. Furthermore,
thiosemicarbazones with characteristic chelating properties are
expected to cause a reduction of Ab deposits by removing excess
deregulated metal ions accumulate in the brain.
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