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Abstract: Six Schiff bases synthesized by condensation reaction of p-fluoro and chlorophenylhydrazines 

with some carbonyl compounds were reported in this work. Structures of the prepared compounds were 
elucidated by FT-IR, 1H- and 13C-NMR spectroscopy. FT-IR spectra exhibited characteristic transitions for 
all compounds. Also, their structures were proved by NMR spectroscopy, especially with the imine peak 
which is an indicator of the formation of Schiff bases. In addition, molecular docking studies of the Schiff 
bases were carried out on Alzheimer’s disease. The calculated docking scores and inhibition constants 
pointed out the probability of the usage of 2-chloro-5-nitrobenzaldehyde Schiff bases as a new drug 

candidate for Alzheimer’s disease after structural regulations. 
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INTRODUCTION 
 
Schiff bases are regarded as one of the most 

studied compound group because of their 
potential using areas ranging from pharmacology 
and industry to biology and chemistry. Versatility, 
stability, and ease of synthesis of the Schiff bases 
induce their broad in scope applications 
containing catalysts, dyes and pigments, 

corrosion inhibitors, and bioactive materials (1–

8). Among those applications, bioactive materials 
have come to the forefront especially because of 
the contribution of the azomethine group to 
bioactivity by interacting and forming hydrogen 
bonding with certain sites in the cell structure (9). 
 

For the synthesis of the Schiff bases, various 
amine compounds have been used. 
Phenylhydrazine compounds are also used for this 
purpose especially by converting to pyrazoles and 

pyrazolones. In one of the studies about 
phenylhydrazines, Dayakar et al. synthesized a 
series of pyrazole and pyrazolone derivatives by 

refluxing phenylhydrazines with ethyl-4-chloro-3-
oxobutanoate (10). Besides, various pyrazole and 
pyrazolone compounds derived from 
phenylhydrazine Schiff bases were studied and 
reported as antimicrobial and anticancer agents 
by different groups (11–13). In another study, 

N,O-hydrazone Schiff base ligand and its 

complexes with nickel and copper were 
synthesized and catalytic effects of the complexes 
on oxidation of benzyl alcohol were studied (14). 
Finally, half-sandwich complexes of phenyl 
hydrazone Schiff base ligands prepared by 
Lapasam et al. exhibited good antibacterial 

activity againist P. aeruginosa and B. 
thuringiensis (15).  
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Alzheimer's disease (AD), one of the most 

common neurodegenerative diseases, most 
commonly affects people in the 65-90 age range 

and many studies have been carried out on its 
treatment. One of the target proteins intensily 
used in these studies is cholinesterase enzymes. 
Inhibition of acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE) enzymes alleviates 
the symptoms of AD regulating the level of 
acetylcholine in certain regions of the brain. 
Therefore synchronized inhibition of these two 
enzymes have been promising for the treatment 
of AD, which may develop for many reasons (16) 
and there are so many studies on inhibition of 

AChE and BChE in the literature (16–22).  
 
Andrade-Jorge et al. evaluated new isoindoline 
and dioxoisoindoline compounds for AchE 
inhibition. They compared the compounds to 
observe the effect of carbonyl group on inhibition 

activity (20). A series of compounds were 

prepared to evaluate their AChE and BChE 
inhibitory activities by Arumagum et al. Molecular 
docking and in vitro studies showed good 

inhibitory activities for all compounds(21). In 

another study, very potent cholinesterase 
inhibitors based on a weak cholinesterase 

inhibitor called minaprine were prepared. As a 
result, two of the compounds exhibiting high 
activity were revealed for new drug active 
material candidates (22). 

 
The desire to hinder waste of time and resources 
of scientists interesting in bioactivity studies have 
driven forward computer based drug design 
approaches over the last decades. The usage of 
these methods before clinic studies has been 
increased the efficiency drug development 

process. Especially enzyme inhibition studies 
about the diseases like tuberculosis, cancer, 
diabetes, Alzheimer’s, and epilepsy have 
intensely appeared in the literature (23–26). 
 
In this study, six Schiff bases were prepared and 

defined by FT-IR, 1H- and 13C-NMR spectroscopic 

methods. Besides, molecular docking studies of 
the Schiff bases were carried out as AChE and 
BChE inhibitors against AD.

 

 
Scheme 1: The Schiff bases synthesized in this study. 

 

EXPERIMENTAL SECTION 
 
Chemistry 
1H- and 13C-NMR spectra of the imine compounds 
were measured using AC Bruker 400 MHz NMR 
spectrometer in d-methanol at ambient 
temperature. FT-IR spectra were recorded on a 

Jasco FT-IR 4700 spectrometer in the range of 
400-4000 cm-1. Elemental analyses were 
recorded on a Elementar Vario Micro Cube 
elemental analyzer. Solvents and chemicals were 

used as received from commercial sources. 
 
Docking Studies 

Docking calculations were made by 
DockingServer (http://www.dockingserver.com). 
In order to energy minimization of ligand 
molecules, the MMFF94 force field was used by 
DockingServer (27). Gasteiger partial charges 
were added to the ligand atoms. Non-polar 

hydrogen atoms were combined, and rotatable 
bonds were defined. Docking calculations were 

made on AChE (PDB ID: 2ckm) and BChE (PDB 
ID: 1p0i) proteins. The addition of essential 
hydrogen atoms, Kollman united atom type 
charges, and solvation parameters was carried 
out by AutoDock tools (28). Affinity (grid) maps 
of 100×100×100 Å grid points and 0.375 Å 
spacing were created by the aid of the Autogrid 

program (28). For the calculation of the van der 
Waals and the electrostatic terms, AutoDock 
parameter set- and distance- dependent 
dielectric functions were used. Docking 

simulations were made through the Lamarckian 
genetic algorithm (LGA) and the Solis & Wets 
local search method (29). Initial position, 

orientation, and torsions of the ligand molecules 
were set randomly. Every docking experiment 
included 100 runs that were set to terminate after 
a maximum of 2500000 energy evaluations. The 
population size was adjusted to 150. During the 
search, a translational step of 0.2 Å, and 

quaternion and torsion steps of 5 were used. 
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Experimental  
Fluoro- or chlorophenylhydrazine (6 mmol) was 

placed in a round-bottom flask with ethanol (30 
mL). After addition of NEt3, this solution was 
mixed until all content was dissolved. Then, the 
carbonyl compound (6 mmol) was added to the 

clear solution. The reaction mixture was mixed for 
a couple of days. During this time the solution has 
changed to yellow or orange. After reaction’s 
completion, reaction mixture was left to 
crystallization and the obtained precipitate was 
washed with ethanol and diethyl ether.  
 

1a: Yield 55%; mp: 161 °C. FT-IR (cm-1): 3320 
(N-H), 3268 (O-H), 2999 (C-H), 1596 
(azomethine, C=N); 1H-NMR (CH3OH-d4, δ, 
ppm): 2.33 (3H, s, CH3), 6.34 (1H, s, CH), 6.38 
(1H, d, CH), 7.01 (4H, dd, CH), 7.35 (1H, d, CH). 
13C-NMR (CH3OH-d4, δ, ppm): 11.29, 102.74, 

106.43, 112.82, 113.51, 115.05, 115.28, 127.97, 

142.22, 149.30, 155.95, 158.30, 158.85, 159.34. 
Anal. calcd. for C14H13FN2O2 (260.27 g/mol): C, 
64.61; H, 5.03; N, 10.76. Found: C, 64.47; H, 
5.52; N, 11.09%. 
 
1b: Yield 62%; mp: 198 °C (decomp.). FT-IR 

(cm-1): 3056 (O-H), 2954, 2910 (C-H), 1578 
(azomethine, C=N); 1H-NMR (CH3OH-d4, δ, 
ppm): 2.81 (3H, s, CH3), 6.53 (1H, d, CH), 6.60 
(1H, dd, CH), 6.99 (2H, dd, CH), 7.35 (2H, dd, 
CH), 7.78 (1H, d, CH). 13C-NMR (CH3OH-d4, δ, 
ppm): 15.06, 102.45, 107.86, 109.57, 114.96, 
115.98, 126.74, 129.02, 129.15, 133.88, 143.31, 

143.72, 161.42, 165.87. Anal. calcd. for 
C14H13ClN2O2 (276.72 g/mol): C, 60.77; H, 4.74; 
N, 10.12. Found: C, 60.52; H, 5.25; N, 10.89%. 
 

2a: Yield 43%; mp: 197 °C (decomp.). FT-IR 
(cm-1): 3203 (N-H), 3046 (O-H), 1564 
(azomethine, C=N); 1H-NMR (CH3OH-d4, δ, 

ppm): 6.76 (1H, s, CH), 6.90 (1H, d, CH), 7.05 
(4H, dd, CH), 7.22 (1H, dd, CH), 8.22 (1H, s, CH). 
13C-NMR (CH3OH-d4, δ, ppm): 113.61, 115.14, 
115.25, 115.40, 115.48, 123.10, 123.42, 141.29, 
146.05, 150.70, 159.14, 159.88. Anal. calcd. for 
C13H11FN2O2 (246.24 g/mol): C, 63.41; H, 4.50; 

N, 11.38. Found: C, 63.79; H, 3.95; N, 11.87%. 
 
2b: Yield 85%; mp: 194 °C (decomp.). FT-IR 
(cm-1): 3285 (N-H), 3063 (O-H), 1564 
(azomethine, C=N); 1H-NMR (CH3OH-d4, δ, 
ppm): 6.89 (1H, d, CH), 7.03 (2H, dd, CH), 7.19 
(1H, dd, CH), 7.25 (2H, dd, CH), 7.38 (1H, d, CH), 

8.17 (1H, s, CH). 13C-NMR (CH3OH-d4, δ, ppm): 

113.33, 114.35, 115.33, 116.01, 122.85, 123.88, 
124.68, 128.74, 129.02, 144.02, 145.93, 149.02, 

150.08. Anal. calcd. for C13H11ClN2O2 (262.69 
g/mol): C, 59.44; H, 4.22; N, 10.66. Found: C, 
59.08; H, 5.02; N, 11.41%. 
 

3a: Yield 61%; mp: 176 °C. FT-IR (cm-1): 3305 
(N-H), 3103,3083 (C-H), 1575 (azomethine, 
C=N), 1339,1295 (NO2); 1H-NMR (CH3OH-d4, δ, 
ppm): 7.05 (2H, dd, CH), 7.15 (2H, dd, CH), 7.62 
(1H, d, CH), 8.05 (1H, dd CH), 8.15 (1H, s, CH), 
8.82 (1H, s, CH). 13C-NMR (CH3OH-d4, δ, ppm): 
113.35, 115.13, 115.36, 119.92, 121.91, 129.52, 

130.70, 135.09, 137.14, 141.06, 147.08. Anal. 
calcd. for C13H9ClFN3O2 (293.68 g/mol): C, 53.17; 
H, 3.09; N, 14.31. Found: C, 52.83; H, 3.47; N, 
14.81%. 
 
3b: Yield 72%; mp: 188 °C. FT-IR (cm-1): 3301 

(N-H), 3094, 3074 (C-H), 1575 (azomethine, 

C=N), 1340,1289 (NO2); 1H-NMR (CH3OH-d4, δ, 
ppm): 7.13 (2H, dd, CH), 7.25 (2H, dd, CH), 7.62 
(1H, d, CH), 8.05 (1H, dd, CH), 8.17 (1H, s, CH), 
8.81 (1H, d, CH). 13C-NMR (CH3OH-d4, δ, ppm): 
113.59, 120.02, 122.17, 124.54, 128.76, 130.45, 
130.75, 135.19, 137.33, 143.37, 147.03. Anal. 

calcd. for C13H9Cl2N3O2 (310.13 g/mol): C, 50.35; 
H, 2.93; N, 13.55. Found: C, 50.57; H, 3.37; N, 
13.98%. 
 
RESULTS AND DISCUSSION 
 
The reaction of carbonyl compounds with fluoro- 

or chloro-phenylhydrazines in an equimolar ratio 
completed in a couple of days and target 
compounds were obtained by crystallization from 
EtOAc:hexane solvent system (2:1) with 

moderate to high yields. The compounds were 
moisture- and air-stable, and soluble in methanol 
and DMSO. Their structures were proved by FT-

IR, 1H- and 13C-NMR spectroscopic methods. 
 
FT-IR Spectra 
The important IR bands were presented in the 
experimental section. Besides, FT-IR spectra of 
1a was shown in Figure 1. The sharp N-H band of 

hydrazine compound in 1a was observed at 3320 
cm-1 as overlapped with broad O-H stretching 
vibrations around 3268 cm-1. The band at 1596 
cm-1 was indicator of the imine bond. Other Schiff 
bases were observed to exhibit FT-IR spectra with 
similar frequencies and no important changes.
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Figure 1: FT-IR spectrum of 1a. 

 
NMR Spectra 
The 1H- and 13C-NMR spectra of all compounds 
confirmed the expected Schiff base structures. 
The 1H- and 13C-NMR spectra of 1a were shown in 
Figure 2. The singlet at about 2.33 ppm was 

induced by the three protons of the methyl group. 
The other singlet was attributed to the methine 
proton placed between two tertiary aromatic 
carbon of carbonyl compound. While one of the 

two doublet peaks belonging to carbonyl 
compound segment was observed at 6.38 ppm, 
the other one originating from methine proton 
adjacent to imine group was at 7.35 ppm. As it 
comes to phenylhydrazine ring protons, they 

were observed as overlapped at 7.01 ppm. 13C-
NMR peaks were in accordance with that of 1H-
NMR peaks. 
 

 

 
Figure 2: 1H- and 13C-NMR spectra of 1a. 
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Molecular Docking Studies 

Schiff bases were docked against AChE (PDB ID: 
2CKM) and BChE (PDB ID: 1P0I) downloaded 

from Protein Data Bank by using Molecular 
Docking Server (Figure 3). Their binding affinity 

and interaction of amino acid residues near their 

binding sites were also examined. Besides, pymol 
visual images of interacted proteins and ligands 

were shown in Table 1. 

 
 

  
Acetylcholinesterase (2CKM) Butyrylcholinesterase (1P0I) 

 
Figure 3: PDB structure of the proteins. 

 
The amino acid fragments predicted to form 
hydrogen bonds with ligands were GLU 374, GLU 
455, TYR 282, TYR 121, ASN 230, SER 87, SER 

235, GLN 514, ARG 515, ALA 516, VAL 453. 
Among six ligands, fluoro derivative had the 

higher activity against butyrylcholinesterase 
while chloro derivative exhibited the higher 
binding affinity against acetylcholinesterase 

(Table 2). 
 

 
Table 1: Pymol visual images of ligand docked proteins. 

Ligands 

AChE 

(2CKM) 

BChE 

(1P0I) 

1a 

  

1b 
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2a 

  

2b 

  

3a 

  

3b 

  

 

Table 2: Calculated binding affinity values between proteins and ligands. 

Ligand 

2CKM 1P0I 

Docking Score 
(kcal/mol) 

Estimated 
Inhibition 
Constant 

Docking Score 
(kcal/mol) 

Estimated 
Inhibition 
Constant 

1a -2.62 12 mM -3.14 5 mM 

1b -2.76 9.42 mM -3.85 1.52 mM 

2a -3.23 4.31 mM -3.39 3.25 mM 

2b -3.61 2.26 mM -3.28 3.96 mM 

3a -3.54 2.53 mM -4.14 926.18 M 

3b -4.31 692.01 µM -3.60 2.28 mM 
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Tacrine (THA) is the first cholinesterase inhibitor, 

approved by the FDA and then withdrawn from 
the market because of its adverse effects. 

Showing lower side effects in comparison with 
THA, 7-methoxy derivative (7-MEOTA) was 
observed to exhibit similar activity against 
cholinesterases. The Schiff base compounds 1a-

3b synthesized in this study exhibited lower 
docking scores in comparison with THA [-9.9 
kcal/mol for AChE (2ckm) and -9.5 kcal/mol for 
BChE (1p0i)] and 7-MEOTA [-9.8 kcal/mol for 
AChE (2ckm) and -9.3 kcal/mol for BChE (1p0i)] 
(30).  
 

CONCLUSIONS 
 
In conclusion, the Schiff bases composed of 
phenylhydrazine halogen derivatives and 
carbonyl compounds were synthesized and 
characterized by spectroscopic methods (FT-IR, 
1H- and 13C-NMR). The compounds were prepared 

by mixing fluoro- or chloro-phenylhydrazine with 
the carbonyl compounds in equimolar amount in 
ethanol. The results of spectroscopic methods 
were used to explain the structures of the 
compounds and verified the predicted Schiff base 
structures. Besides, the compounds which were 

likely to exhibit inhibition activity on Alzheimer's 
disease were examined by molecular docking 
methods. The possibility of exhibiting inhibition 
activity of the Schiff bases on Alzheimer's disease 
was estimated based on similar chemical groups 
(phenyl ring and nitrogen atoms) included in their 
structure with Tacrine. All of the compounds 

exhibited low to mild binding affinities against 
acetylcholinesterase and butyrylcholinesterase in 
comparison with reference compounds (THA and 
7-MEOTA). Schiff bases 3a and 3b derived from 

2-chloro-5-nitrobenzaldehyde showed best 
results for both cholinesterase proteins. 
According to the calculated results, especially 3a 

and 3b were decided to be modified so as to use 
potential therapeutic agents for treating 
Alzheimer's disease. 
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