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Abstract  

The present study was undertaken to synthesize some novel lipophilic piperazine and piperidine 

dithiocarbamates and investigate their inhibitory potencies against cholinesterase enzymes. In the 

synthetic studies, 44 new compounds were isolated. The structures of the synthesized compounds 

were confirmed by spectroscopic analyses. Enzymatic studies were carried out using modified 

Ellman’s assay against Acetylcholinesterase (AChE) and Butrylcholinesterase (BChE) enzymes, 

and it was observed that some of the compounds selectively inhibit AChE. Theoretical ADME 

predictions were calculated for selected compounds in the series. Enzyme kinetics and molecular 
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docking studies were performed for the most active compound C41 and nature of inhibition and 

interactions between enzyme and ligand were explained. 
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Introduction 

Alzheimer's disease (AD) is a chronic, irreversible, neurodegenerative disorder characterized by 

a progressive deterioration of intellectual functions, including memory, language, visuospatial 

skills, problem-solving ability, basic activities of daily living and ultimately causing death 
1-3

. It 

is connected with a selective loss of cholinergic neurons, which occurs due to various 

neuropathological conditions such as amyloid plaques, neurofibrillary tangles and reduced levels 

of acetylcholine neurotransmitter 
4
. One rational way to treat the AD’s symptoms, is raising the 

ACh through the inhibition of acetylcholinesterase (AChE) that is responsible for hydrolysis of 

ACh in pre-synaptic areas 
5,6

. Many efforts have been spent in the search for potent AChE 

inhibitors and four AChE inhibitors belonging to different chemical groups have been developed 

for the symptomatic treatment of mild to moderate stages of AD. These are tacrine 
7
, donepezil 

8
, 

rivastigmine 
9 

and galantamine 
10

, which have been approved by FDA 
11, 12

.  

In the development of new anticholinesterase agents, carbamate is one of the most used 

moieties
13, 14

. The major reason for this approach is rivastigmine, a carbamate based 

cholinesterase inhibitor used widely for the treatment of AD. Dithiocarbamate, an isoster of 

carbamate, is also an important pharmacophore for anticholinesterase agents 
15,16

. Replacement 

of carbamate with dithiocarbamate increases the lipophilicity, which is crucial for the delivery of 

central nervous system drugs to their site of action through the blood-brain barrier 
17-19

.  

Functionalized piperidine scaffolds are found to form a very crucial core in many natural 

products, synthetic pharmaceuticals, and a wide variety of biologically active compounds 
20,21

. 

Many researchers have synthesized piperidine-carrying compounds and investigated them for 

their anti-Alzheimer potential 
22-28

. The chemical structure of donepezil, an important and widely 
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used drug for the treatment of AD patients in neurology clinics, is also based on a 1,4-

disubstituted piperidine ring. Like piperidine, its bioisoster, piperazine has as well as been 

subjected to the development of novel anticholinesterase agents 
29-38

. 

In the light of above knowledge, we herein introduce new compounds, which include a 

dithiocarbamate moiety along with piperidine/piperazine ring to assess their potential against 

cholinesterases.  

Results and discussion  

Chemistry 

In the present study, some piperidine or piperazine-dithiocarbamate compounds were 

synthesized and evaluated for their inhibitory potency against cholinesterase enzymes 
39,40

. The 

target compounds were gained in three reaction steps. Sodium dithiocarbamates (A1-A11) were 

prepared by the reaction of carbon disulfide and cyclic secondary amine in the presence of 

sodium hydroxide 
41

. Secondly, halogenated derivatives (B1-B4) were synthesized via 

acetylation of anilines by chloroacetyl chloride to obtain the compounds B1-B3 and bromination 

of 3,4-dichloroacetophenone gave the 2-bromo-3’,4’-acetophenone (B4) 
42,43

. Finally, the 

compounds synthesized in initial steps were reacted in acetone to achieve target compounds (C1-

C44). The synthetic route of the compounds was outlined in Scheme 1. 

[Insert Scheme 1] 

The structures of the obtained compounds were elucidated from their spectral data. In the IR 

spectra, significant stretching bands belonging to N-H were observed at 3225-3437 cm
-1

. The 

stretching bands for C=O and C=S were observed between 1625-1695 cm
-1

 and 1200-1246 cm
-1

. 

In the 
1
H-NMR spectra, methylene protons between carbonyl and dithioate group were recorded 
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as a singlet peak between 4.20-4.93 ppm. Trisubstituted benzene peaks were observed as two 

doublets and one doublets of the doublet with varying shifting values depending on the 

substituted group. Amide protons on the dihalogenated and dimethoxy substituted derivatives 

gave a singlet peak between 10.51-10.80 ppm and 10.18-10.21 ppm, respectively. In the 
13

C-

NMR spectra, all compounds have thiocarbonyl peaks between 192 and 198 ppm. While 

carbonyl peaks for compound C1-C33 was recorded at 162 ppm -168 ppm, peaks of C34-C44 

observed between 190 ppm and 193 ppm. All other aromatic and aliphatic protons and carbons 

were recorded on near to the expected values. HRMS was also performed, and all measured mass 

and isotope scores were compatible with calculated values. 

Cholinesterase Inhibitory Activity 

The synthesized compounds C1-C44 were assessed as AChE and BChE inhibitors by using in 

vitro modified Ellman’s spectrophotometric method 
44

. Donepezil was used as the reference 

drug.  

Generally, it was understood that the synthesized compounds have more potent inhibitory 

activity against AChE enzyme as regards BChE enzyme. The compounds C8, C9, C19, C30, 

C31, C41 and C42 exhibited significant inhibition profiles against AChE enzyme at 10
-3

 M 

concentration (Table 1). On the other hand, none of the compounds displayed remarkable 

inhibitor activity on BChE enzyme. Compound C41 was the most active compound against 

BChE with a 22.67 % inhibition potency at 10
-3

 M concentration (data not shown). These results 

show that the synthesized compounds are selective AChE inhibitors.  

By looking at the inhibition potency (>50%) at 10
-3

 M, the compounds C8, C9, C19, C30, C31, 

C41 and C42 were investigated in further concentrations (10
-5

-10
-9

 M) to calculate IC50 values 
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(Table S 1 Supplemental Materials). According to enzyme inhibition studies, compound C41 is 

the most active derivative due to its inhibitory profile on AChE with an IC50 value of 11.82 µM.  

Enzyme inhibition results gave a chance to evaluate the structure activity relationships. Once the 

structures of synthesized compounds were examined, it was striking that dimethylaminoethyl and 

dimethylaminopropyl substituents on 4
th

 position of piperazine ring have a great impact on 

enzyme inhibitory activity.  

Kinetics Study 

The kinetics of this series of AChE agents were studied in detail using the most effective 

compound C41. The nature of AChE inhibition, caused by this compound, was evaluated by the 

graphical analysis of steady-state inhibition data. Lineweaver - Burk plots determined the 

compound C41 as a mix-typed inhibitor, because of the different intercepts on both y- and x- 

axes (Figure 1). The values of Km and Vmax were investigated by nonlinear regression were 

calculated as 6.6869 and 0.2853, respectively. 

[Insert Figure 1] 

Theoretical Determination of ADME Properties 

The theoretical prediction of ADME properties (molecular weight, log P, TPSA, number of 

hydrogen donors and acceptors, volume) for the active compounds C8, C9, C19, C30, C31, C41 

and C42 were determined and presented in Table S 2 (Supplemental Materials) along with 

violations of Lipinski’s rule 
45

. This rule suggests that, an orally active drug has no more than 

one violation. As seen in Table S 2, all calculated physicochemical parameters for the 

compounds are compatible with Lipinski’s rule 
45

. Furthermore, the most active compound C41 

has an ideal lipophilic character (logP=3.63) which is required to cross the central nervous 
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system (CNS) 
46

. Besides, TPSA, described to be a predictive indicator of membrane penetration, 

is positive (26.79) and as AChE inhibitors have to pass different membranes and reach the CNS, 

this supports the potential of compound C41. 

Molecular Docking 

In order to designate the binding modes between the ligand and the receptor, docking studies 

were carried out using the X-ray crystal structure of Homo sapiens AChE (hAChE PDB ID: 

4EY7), which is very similar to Electrophorus electricus AChE (EeAChE) include E2020 as 

ligand 
47

. The compound C41 was docked into the active site of hAChE. To identify the most 

likely interaction with the receptor, low energy docked coordinates were selected. 

The best docking poses, showing interactions with the active site, are viewed in Figure S1. When 

the docking studies are analyzed, it is clearly understood that the compound C41 is very 

compatible with the pocket of the active site. It interacts with the amino acids, Phe295, Tyr72, 

Tyr337, Trp86, His447, Ser203, Glu202. Compound C41 settles down formation of H bond 

between the oxygen atom of the carbonyl group and the amino group of the Phe295 residue. The 

formation of π-π interactions between piperazine moiety and phenyl ring of Tyr337 amino acid is 

also sighted in the gorge. Due to the formation of H bond between aliphatic nitrogen atom and 

the carboxyl group of Glu202 residue, there are increased interactions with the active site. The 

ethyl group, among the rest of the piperazine moiety and aliphatic nitrogen atom sets up van der 

Waals interactions with the amino acids of the binding side. These interactions equipoise the 

ligand in the active site of the enzyme. 

Conclusion 
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In the present study, cholinesterase inhibitory potency of some 44 novel piperazine and 

piperidine dithiocarbamate derivatives investigated. 2-(4-(2-Dimethylaminoethyl)piperazin-1-yl-

dithiocarbamoyl)-3’,4’-dichloroacetophenone (C41) was found as the most active compound 

AChE with a IC50 value of 11.82 µM. Enzyme kinetic studies revealed this compound as a mixed 

type inhibitor. Molecular modeling studies indicated the importance of 4-(2-dimethylaminoethyl) 

and ketonic carbonyl for interaction between AChE and ligand. Consequently, findings of this 

study may have an impact on chemists to synthesize similar compounds that may have higher 

potency against cholinesterase enzymes. 

Experimental 

Chemistry 

The chemicals used in the syntheses were purchased from Sigma-Aldrich Chemicals (Sigma-

Aldrich Corp., St. Louis, MO, USA) or Merck Chemicals (Merck KGaA, Darmstadt, Germany). 

Melting points of the synthesized compounds were recorded on a MP90 digital melting point 

apparatus (Mettler Toledo, Ohio, USA) and were uncorrected. 
1
H NMR and 

13
C NMR spectrums 

were recorded on a Bruker 500 MHz digital FT-NMR spectrometer and Bruker Fourier 300 

(Bruker Bioscience, Billerica, MA, USA) respectively, in DMSO-d6. Operating frequencies of 

the experiments were 500 MHz for 
1
H NMR and 75 MHz for 

13
C NMR. The IR spectra was 

obtained on a Shimadzu, IR Prestige-21 (Shimadzu, Tokyo, Japan). LCMS studies were 

performed on Shimadzu LCMS-IT-TOF (Shimadzu, Tokyo, Japan). The purities of compounds 

were checked by TLC on silica gel 60 F254 (Merck KGaA, Darmstadt, Germany).  

Materials and methods 

General procedure for the synthesis of sodium dithiocarbamate derivatives A1-A11 
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Substituted piperazine or piperidine derivative (15 mmol) was dissolved in EtOH (200 mL), and 

sodium hydroxide (15 mmol) was added. The mixture was cooled in an ice bath, and CS2 (150 

mmol) was added in portions. The reaction was allowed to stir for 1 h at room temperature. The 

solvent and excess of CS2 were removed under reduced pressure 
48

. The residue was washed with 

dry ether, and the raw product was recrystallized from ethanol.  

General procedure for the synthesis of 2-chloro-N-(3,4-disubstitutedphenyl)acetamide 

derivatives B1-B3 

The appropriate 3,4-disubstituted aniline (50 mmol) and TEA (60 mmol, 8.45 mL) in THF (150 

mL) were mixed on ice bath. Chloroacetyl chloride (60 mmol, 4,81 mL) in THF (20 mL) was 

added dropwise to this solution. After completion, the reaction mixture was stirred at room 

temperature for 1 h. The precipitated product was filtered washed with water, dried and then 

recrystallized from ethanol.  

Synthesis of 3’,4’-dichloro-2-bromo acetophenone B4 

3,4-Dichloroacetophenone (50 mmol, 9.45 g) was dissolved in AcOH (250 mL) and catalytic 

amount of HBr was added. This solution was placed on an ice bath and bromine (60 mmol, 3,09 

mL) was added dropwise. The reaction was routinely checked by TLC. After completion of 

reaction, the mixture was poured into the iced-water, precipitated products was filtered, washed 

with water, dried and then recrystallized from ethanol.  

General synthesis procedure for target compounds 

The corresponding sodium dithiocarbamate derivative (A1-A11) (5 mmol) and halogenated 

compound (B1-B4) (5 mmol) were dissolved in acetone and refluxed for 2 h. After TLC control, 

the solvent was evaporated. The residue was washed with water, dried and then recrystallized 
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from ethanol to afford final compounds (C1-C44). Complete characterization data for C2-C44 

are presented in the Supplemental Materials and representative 
1
H NMR spectra are given in 

Figures S 1 – S 2. 

2-(4-Methylpiperazin-1-yl-dithiocarbamoyl)-N-(3,4-dimethoxyphenyl)acetamide C1 

Yield: 79 %, M.P. = 110.4 - 111.8 °C, FTIR (ATR, cm
-1

 ): 3256 (N-H), 1663 (C=O), 1229 

(C=S), 1051, 843, 729. 
1
H-NMR (500 MHz, DMSO-d6): δ = 2.23 (3H, s, –CH3), 3.08-3.14 (4H, 

m, piperazine –CH2-), 3.72 (6H, s, –OCH3), 4.08 (2H, s, piperazine –CH2-), 4.28 (2H, s, –SCH2-

), 4.61 (2H, s, piperazine –CH2-), 6.89 (1H, d, J=8.50 Hz, aromatic –CH-), 7.10 (1H, d, J=8.50 

Hz, aromatic –CH-), 7.29 (1H, s, aromatic –CH-), 10.18 (1H, s,–NH-). 
13

C-NMR (75 MHz, 

DMSO-d6): δ = 45.2, 48.6, 50.1, 51.8, 52.4, 55.7, 56.3, 105.1, 111.5, 113.3, 132.4, 136.6, 144.3, 

149.9, 166.2, 195.8. HRMS (m/z): [M+H]
+
 calcd for C16H23N3O3S2: 370.1254; found 370.1245. 

Enzyme Inhibition Assay 

Inhibition potency of the compounds against AChE and BuChE has been determined using 

Ellman’s method 
44

. Enzyme solutions were prepared in gelatin solution (1%), at a concentration 

of 2.5 units/mL. Synthesized compounds and donepezil were prepared at 10
-3

 M and 10
-4

 M 

concentrations using 2% DMSO. AChE or BuChE solution (20µL/well) and compound solution 

(20µL/well) were added to phosphate buffer (140 µL/well, pH 8± 0.1) and incubated at 25°C for 

5 min. The reaction was started by adding the chromogenic reagent 5,5-dithio-bis(2-nitrobenzoic 

acid) (DTNB) (20 µL/well, 10 mM) and the substrates acetylthiocholine iodine (ATCI) or 

butrylthiocholine iodine (BTCI) (10 µL/well, 75 mM) to the enzyme-inhibitor mixture. The 

production of the yellow anion was recorded for 10 min at 412 nm. As a control, an identical 

solution of the enzyme without the inhibitor was processed. Control and inhibitor readings were 
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corrected with blank-reading. All processes were assayed in four independent wells. The same 

procedure was followed for further concentrations (10
-5

-10
-9

 M, 20 μL/well) of donepezil and 

selected compounds indicating ≥50% inhibition at the concentration of 10
-3 

M. The IC50 value 

was calculated from the plots of enzyme activity against concentrations by applying regression 

analyses on GraphPad Prism Version 5. 

Enzyme Kinetics 

The same materials were used in the cholinesterase inhibition assay. The compound C41 was 

prepared at IC50 concentration that was calculated in enzyme assay and then added to the wells 

(20 μL/well). AChE was added to the plate (20 μL/well) and enzyme inhibitor mixture was 

incubated at 25°C for 5 min. The reaction was started by adding DTNB (20 µL/well) and the 

various concentrations (150, 75, 37.5, 18.75, 9.375, 4.6875, 2.3437, 1.1718, 0.5859 and 0.2929 

µM) of substrate (ATCI) (10 μL/well). The production of the yellow anion was recorded for 10 

min at 412 nm. A parallel control without inhibitor was used for comparison. All processes were 

assayed in four independent wells. The results were analyzed as Lineweaver-Burk plots using 

Microsoft Office Excel 2013. 

Theoretical Calculation of ADME Parameters 

In order to evaluate pharmacokinetic profiles (ADME) of the active compounds (C8, C9, C19, 

C30, C31, C41 and C42), some physicochemical parameters were predicted using the 

Molinspiration property calculation program. 

Molecular Docking  

Docking studies were performed using Autodock Vina 
49

. The coordinates of Homo sapiens 

AChE (hAChE PDB ID: 4EY7) were obtained from the Protein Data Bank (PDB) 
50

. For 
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docking studies premier protein was prepared by removing all non-protein molecules, including 

water, ions, any co-crystallized solvent and ligands. Autodock Tolls (ADT, version 1.5.6) 
51

, was 

used to prepare the ligand and the receptor, which were saved in pdbqt format and also to add 

hydrogens and fractional changes for protein and ligands. Autodock Vina was used to dock the 

ligand into the active site of hAChE. The parameters of the docking were formed as follows: 

center_x=3.102, center_y=-40.295, center_z=30.604, size_x=60, size_y=72, size_z=74. Docking 

of the compound C41 was performed in a limited grid box described by Autodock tools (ADT, 

version 1.5.6). Docked ligand was analyzed, and the results were visualized by PyMOL 1.6.X 
52

 

molecular graphics system, version 1.8. 

Conflicts of Interest 

The authors declare no conflict of interest 

Acknowledgments 

This study was financially supported by Anadolu University Scientific Research Projects Funds. 

Project No: 1305S83. 

  



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 13 

References 

1. Bajda M., Kuder K.J., Lażewska D., Kieć‐Kononowicz K., Więckowska A., Ignasik M., 

Malawska B. Arch. Pharm. 2012, 345, 591-597.  

2. Demir-Özkay Ü., Can Ö.D., Özkay Y., Öztürk Y. Pharmacol. Rep. 2012, 64, 834-847.  

3. Sang Z., Qiang X., Li Y., Yuan W., Liu Q., Shi Y., Deng Y. Eur. J. Med. Chem. 2015, 94, 

348-366. 

4. Kwon Y.E., Park J.Y., No K.T., Shin J.H., Lee S.K., Eun J.S., Leem J.Y. Bioorg. Med. Chem. 

2007, 15, 6596-6607. 

5. Andreani A., Cavalli A., Granaiola M., Guardigli M., Leoni A., Locatelli A., Roda A. J. Med. 

Chem. 2001, 44, 4011-4014. 

6. Zhou X., Wang X.B., Wang T., Kong L.Y. Bioorg. Med. Chem. 2008, 16, 8011-8021. 

7. Mustazza C., Borioni A., Del Giudice M.R., Gatta F., Ferretti R., Meneguz A., Lorenzini P. 

Eur. J. Med. Chem. 2002, 37, 91-109. 

8. Martinez A., Fernandez E., Castro A., Conde S., Rodriguez-Franco I., Banos J.E., Badia A. 

Eur. J. Med. Chem. 2000, 35, 913-922. 

9. Luo W., Chen Y., Wang T., Hong C., Chang L.P., Chang C.C., Wang C.J. Bioorg. Med. 

Chem. 2015, 24, 672-680. 

10. Asadipour A., Alipour M., Jafari M., Khoobi M., Emami S., Nadri H., Shafiee A. Eur. J. 

Med. Chem. 2013, 70, 623-630. 

11. Wieckowska, A., Bajda M., Guzior N., Malawska B. Eur. J. Med. Chem. 2010, 45, 5602-

5611. 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 14 

12. Yu L., Cao R., Yi W., Yan Q., Chen Z., Ma L., Song H. Chem. Pharm. Bull. 2010, 58, 1216-

1220. 

13. Zhan Z.J., Bian H.L., Wang J.W., Shan W.G. Bioorg. Med. Chem. Lett. 2010, 20, 1532-1534. 

14. Čolović, M. B., Krstić, D. Z., Lazarević-Pašti, T. D., Bondžić, A. M., Vasić, V. M. Curr. 

Neuropharmacol. 2013, 11, 315-335. 

15. Sağlık B.N., Özkay Y., Demir Özkay Ü., Karaca Gençer H. J. Chem. 2014, Article 

ID:387309. 

16. Altintop M.D., Özdemir A., Kaplancikli Z.A., Turan‐Zitouni G., Temel H.E., Çiftçi G.A. 

Arch. Pharm. 2013, 346, 189-199. 

17. Patani G.A., LaVoie E.J. Chem. Rev. 1996, 96, 3147-3176. 

18. Tokuyama R., Takahashi Y., Tomita Y., Tsubouchi M., Yoshida T., Iwasaki N., Nagata O. 

Chem. Pharm. Bull. 2001, 49, 353-360. 

19. Wang X.J., Xu H.W., Guo L.L., Zheng J.X., Xu B., Guo X., Liu H.M. Bioorg. Med. Chem. 

Lett. 2011, 21, 3074-3077. 

20. Mohsen U.A., Kaplancıklı Z.A., Özkay Y., Yurttaş L. Drug Res (Stuttg) 2015, 65, 176-183. 

21. Altıntop M.D., Gurkan-Alp A.S., Özkay Y., Kaplancıklı Z.A. Arch. Pharm. Chem. Life Sci. 

2013, 346, 571-576.  

22. Bautista-Aguilera O.M., Esteban G., Bolea I., Nikolic K., Agbaba D., Moraleda I., Marco-

Contelles J. Eur. J. Med. Chem. 2014, 75, 82-95. 

23. Pudlo M., Luzet V., Ismaïli L., Tomassoli I., Iutzeler A.,  Refouvelet B. Bioorg. Med. Chem. 

2014, 22, 2496-2507. 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 15 

24. Khalid H., Rehman A.U., Abbasi M.A., Hussain R., Khan K.M., Ashraf M., Fatmi M.Q. 

Turk J. Chem. 2014, 38, 189-201. 

25. Khalid H., Abbasi M.A., Malik A., Ashraf M., Ahmad I., Ismail T. Asian J. Chem. 2013, 25, 

9468-9472. 

26. Bautista-Aguilera O.M., Samadi A., Chioua M., Nikolic K., Filipic S., Agbaba D., Ramsay 

R.R. J. Med. Chem. 2014, 57, 10455-10463. 

27. Kia Y., Osman H., Kumar R.S., Murugaiyah V., Basiri A., Perumal S., Razak I.A. Bioorg. 

Med. Chem. Lett. 2013, 23, 2979-2983. 

28. Sivakumar S., Kumar R.R., Ali M.A., Choon T.S. Eur. J. Med. Chem. 2013, 65, 240-248. 

29. Brahmachari G., Choo C., Ambure P., Roy K. Bioorg. Med. Chem. 2015, 23, 4567-4575. 

30. Cappelli A., Gallelli A., Manini M., Anzini M., Mennuni L., Makovec F., Vomero S. J.  

Med. Chem. 2005, 48, 3564-3575. 

31. Carbonell T., Masip I., Sánchez-Baeza F., Delgado M., Araya E., Llorens O., Messeguer A. 

Mol. Divers. 2000, 5, 131-143. 

32. Hamulakova S., Imrich J., Janovec L., Kristian P., Danihel I., Holas O., Kuca K. Int. J. Biol. 

Macromol. 2014, 70, 435-439. 

33. Meena P., Manral A., Saini V., Tiwari M. Neurotox. Res. 2015, 27, 314-327. 

34. Meena P., Nemaysh V., Khatri M., Manral A., Luthra P.M. Bioorg. Med. Chem. 2015, 23, 

1135-1148. 

35. Modh R.P., Kumar S.P., Jasrai Y.T.,  Chikhalia K.H. Arch. Pharm. 2013, 346, 793-804.  

36. Sadashiva C.T., Chandra J.N.S., Ponnappa K.C., Gowda T.V., Rangappa K.S. Bioorg. Med. 

Chem. Lett. 2006, 16, 3932-3936. 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 16 

37. Salga S.M., Ali H.M., Abdullah M.A., Abdelwahab S.I., Wai L.K., Buckle M.J., Hadi 

A.H.A. Molecules. 2011, 16, 9316-9330. 

38. Piplani P., Danta C.C. Bioorg. Chem. 2015, 60, 64-73. 

39. Chang Y., Guo C., Chan T., Pan Y., Tsou E., Cheng W. Mol Divers. 2011, 15, 203-214. 

40. Baumann M., Baxendale I.R. Beilstein J. Org. Chem. 2013, 9, 2265–2319. 

41. Nand L., Santosh J., Veenu B., Dhanaraju M., Amit S., Lalit K., Ashish J., Lokesh K., 

Bhavana K., Atindra K.P., Shagun K., Tara R., Praveen K.S., Jagdamba P.M., Mohammad 

I.S., Gopal G., Vishnu L.S. Eur J Med Chem. 2016, 115, 275-290. 

42. Klzuka.H., Hanson R.N. J. Med. Chem. 1987, 30, 722–726. 

43. Langley W.D. Organic Syntheses. 1929, 9, 20-21. 

44. Ellman G.L., Courtney K.D., Andres V., Feather-Stone R.M. Biochem. Pharmacol. 1961, 7, 

88-95. 

45. Lipinski C.A., Lombardo F., Dominy B.W., Feeney P.J. Adv. Drug Deliv. Rev. 2001, 19, 3-

26. 

46. Goodwin J.T., Clark D.E. Prespect. Pharmacol. 2005, 315, 477-483. 

47. Cheung J., Rudolph M.J., Burshteyn F., Cassidy M.S., Gary E.N., Love J., Matthew C.F., 

Height J.J. J. Med. Chem. 2012, 55, 10282-10286.  

48. Halimehjani A.Z., Marjani K., Ashouri A. Green Chem. 2010, 12, 1306-1310. 

49. Trott O., Olson A.J. J. Comput. Chem. 2010, 31, 455-461. 

50. Berman H.M., Westbrook J., Feng, Z. Gilliland G., Bhat T.N., Weissig H., Shindyalov I.N., 

Bourne P.E. Nucleic Acids Res. 2000, 28, 235-242. 

51. Sanner M.F. J. Mol. Graphics. Mod. 1999, 17, 57-61. 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 17 

52. The PyMOL Molecular Graphics System, Version 1.8 Schrödinger, LLC, USA. 

  



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 18 

 

 

Figure 1: Lineweaver–Burk plots for compounds C41 (IC50 = 11.82 μM). Substrate (ATCI-

Acetylthiocholin iodine) concentrations used: 150, 75, 37.5, 18.75, 9.375, 4.6875, 2.3437, 

1.1718, 0.5859 and 0.2929 mM. 1/V: 1/velocity of reaction [1/(absorbance/1 min)], 1/S: 

1/substrate concentration (1/µM ATCI). 
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Scheme 1: Synthesis way for target compounds 

R1: CH3,Ph,Bn,4-CH3-Bn, 4-OCH3Bn,4-F-Bn,4-CF3-Bn,2-(NCH3)2C2H4, 3-

(NCH3)2C3H6 

CH3, Bn 

X: N CH 

R2:                                                                 F, Cl, OCH3 


