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ABSTRACT 
A systematic virtual screening (VS) experiment, consisting of the development of 3D-
pharmacophore, screening of virtual library, synthesis and pharmacology, is reported. The 
predictive pharmacophore model (correlation = 0.955) with one H-bond donor and three 
hydrophobic features was developed using HypoGen on a training set of 24 carbamates as 
AChE inhibitors. The model was validated on a test set of 40 carbamates (correlation = 
0.844). The pharmacophore-based VS of virtual library led to the identification of novel 
carbamates as potent AChE inhibitors. The synthesis and pharmacological evaluation of 9 
carbamates against three diverse assay systems, namely (i) in-vitro Ellman method, (ii) in-
vivo passive avoidance test and (iii) aldicarb-sensitivity assay, led to the discovery of orally 
active novel AChE inhibitors which improved Scopolamine-induce cognition impairment in 
Swiss male mice. Finally, two novel lead compounds 85 and 86 are selected as candidate 
molecules for further optimization. 
 
KEYWORDS: Alzheimer’s disease, Acetylcholinesterase inhibitor, Carbamates, 
Pharmacophore, Virtual screening, Memory. 
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INTRODUCTION 
Alzheimer’s disease (AD) is a progressive irremediable disorder of elderly patients, which is 
characterized by extensive central cholinergic neuronal loss, resulting in loss of cognitive 
functions.1, 2 The cholinesterase (ChE) enzymes, namely acetylcholinesterase (AChE; EC 
3.1.1.7) and butyrylcholinesterase (BChE; EC 3.1.1.8), which are found in the central 
nervous system (CNS), catalyze the hydrolysis of acetylcholine (ACh) at a rate of >10,000 
molecules per second.3 The AChE enzyme is one of promising drug-like targets, which has 
led to few palliative drugs presently used for the treatment of AD. These drugs include 
tacrine, galanthamine, donepezil, and rivastigmine as acetylcholinesterase inhibitors 
(AChEI), and memantine as a noncompetitive N-methyl-D-aspartate (NMDA) antagonist for 
moderate improvement in memory and cognitive function.4-10 However, memantine has 
recently been reported to block the α7 receptor in hippocampal neurons more effectively than 
NMDA receptors.11, 12 However, these drugs result in only mild to moderate improvement in 
memory and cognitive function, but lack the ability to prevent or slow the progressive neuro-
degeneration.13-19  Hence, newer approaches viz. Multi-target directed ligands (MTDLs) and 
β-amyloid targeted therapies are under investigation.  
Active Site of AChE: The active site of human AChE, located at the base of the ~20Å deep 
and narrow gorge, 20, 21 consists of two subsites: (i) an “esteratic” subsite containing the 
catalytic machinery, and (ii) an “anionic” subsite responsible for binding the quaternary 
trimethylammonium tail group of the acetylcholine. The essential catalytic functional unit of 
the human AChE is the catalytic triad characterized by three amino acid residues, namely 
Ser203, His447, and Glu334.22 The acetyl head group of AChE, which is directly involved in 
making and breaking of bonds, is being held in place by another important functional unit in 
the esteratic subsite known as oxyanion hole, formed by the peptidic NH groups of three 
crucial residues namely, Gly121, Gly122, and Ala204.22 Site-directed mutagenesis 
experiment indicates that the three amino acid residues, namely Trp86, Glu202 and Phe337, 
play important role in binding of the quaternary trimethylammonium tail group in the anionic 
subsite.23 
Current Approaches: In the recent past, two aspects viz. the complex etiology of AD and the 
involvement of different but related dysfunctions in its progression, have gradually attracted 
interests in the development of novel multifunctional drugs for the treatment of AD.24 The 
therapeutic potential of AChE inhibitors has been empowered by the recent evidences 
illustrating that, apart from their role in the cognition management, they might aid in the 
reduction in the rate of neurodegeneration in the AD affected persons. In fact, AChE has been 
reported to exert secondary non-cholinergic functions related to its peripheral anionic site25-27 
in cell adhesion28, 29 and differentiation.30 Several recent investigations also support its role in 
mediating the processing and deposition of β-amyloid (Aβ) peptides.31-35 In the past few 
decades, drug discovery efforts have shifted towards the design of more potent and selective 
cholinesterase (ChE) inhibitors with lesser side effects. The interest in the discovery of novel 
potent AChE inhibitors is expected to continue in future, as current AChE inhibitors lack 
perfection.  
In such scenario, direct- and indirect- computer-aided drug design (CADD) techniques are of 
utmost importance in terms of being time-saving and cost-effective techniques. One of the 
rationale starting point for the design of novel scaffolds is the development of a ligand-based 
predictive model to derive different structural features essential for receptor binding, using 
ligand-based molecular modeling tools, such as SYBYL/comparative molecular field analysis 
(CoMFA)36 and comparative molecular similarity indices analysis (CoMSIA)37; 
Catalyst/HypoGen and HipHop38. In the recent past, we have published few systematic 3D-
QSAR CoMFA and CoMSIA studies on carbamate-class of AChE inhibitors, in which 
important physicochemical requirements for the potential inhibition of AChE enzyme are 
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reported.39, 40 However, the development of a 3D-pharmacophore and its correct use in the 
VS of the available databases seem to be more relevant and time-saving approach, which may 
lead into the identification of new chemotypes with potent AChE inhibitory activity for the 
treatment of AD.  
Pharmacophore modeling is done using a collection of structurally diverse compounds, 
known to bind the same active site of a protein i.e. same mode of action. The HypoGen 
algorithm provides quantitative pharmacophore models based on a set of compounds with 
biological activities spread over 3-4 orders of magnitude or more broader activity range, 
whereas the HipHop algorithm provides qualitative pharmacophore models based on a small 
set of known active compounds.41-43 Most of the pharmacophore modeling tools entertain 
functional features, such as hydrogen bond donors (HBD), hydrogen bond acceptors (HBA), 
hydrophobic groups (HY), aromatic rings (AR), positively charged/ionizable groups (PG), 
and negatively charged/ionizable groups (NG). Additionally, shape and excluded volumes 
can be included into the pharmacophore models to represent the framework of the active site. 
Pharmacophore based virtual screening methods surpass structure based methods by their 
ability to screen very large databases faster and by their tendency to retrieve more structurally 
diverse leads. 
In the present paper, we describe the development of quantitative pharmacophore model 
using a congeneric carbamate class of AChE inhibitors and its successful application in the 
virtual screening process. This has led to the identification of novel AChE inhibitors which 
are synthesized and evaluated for their AChE inhibition potential in in-vitro as well as in-vivo 
assay systems. Apart from the widely used assay systems, such as Ellman methods and 
Passive avoidance test, synthesized compounds have also been tested in a model system of 
Caenorhabditis elegans, which is a powerful in-vivo model for carrying out studies on 
neurochemical aspects of the organismal biology.44 The C. elegans model holds relevance 
because of its appreciable homology of gene sequences and conservation of many disease 
pathways with humans, and most importantly for our studies is the presence of most of 
mammalian gene families involved in neuronal function in C. elegans.44 Hence, employing 
this model system we have assessed, whether or not, our test compounds affect the release of 
neurotransmitter ACh in the synaptic cleft. The assay employs Aldicarb (an AChE inhibitor 
acts in the peripheral nervous system) to induce paralysis in the exposed C. elegans 
nematodes.45 It is well known that the AChE enzyme is present in the synaptic cleft, which 
catalyzes the hydrolysis of neurotransmitter ACh to choline and acetate, and thus, eliminating 
ACh from synapse. The presence of aldicarb leads to the inhibition of AChE, which in turn 
results in the accumulation of ACh at the synaptic cleft. Such high level of ACh in the 
synaptic cleft causes over-activation of cholinergic receptors, hyper-contraction of muscles, 
and ultimately paralysis.46 However, if any chemical or any mutation affects the ACh-AChE 
pathway in the nematodes, that would result in their altered response to aldicarb induced 
paralysis;47 compounds increasing ACh release at the synaptic cleft would render the worms 
sensitive and compounds decreasing the release of ACh would lead to resistance of worms 
against aldicarb induced paralysis. This widely used assay system helped us in testing our 
predictive analysis. 

RESULTS AND DISCUSSION 
Pharmacophore Modeling: Among the generated pharmacophore models, based on the 
training set of 24 compounds (Figure 1), the results of the top 10 pharmacophore models are 
summarized in Table 1. 
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Figure 1: Chemical structures of the training set compounds. 
 
Table 1: Summary of top 10 pharmacophore models obtained from Catalyst/HypoGen run. 
 
Hypothesis Featuresa Total cost Δ Costb rmsc Correl (r) 

Hypo-01 HBD,  HY, HY, HY 101.226 22.716 0.568 0.95 
Hypo-02 HBA, HBD, HY, HY, HY 106.122 17.820 0.827 0.90 
Hypo-03 HBA, HBD, HY, HY, HY 111.625 12.317 1.115 0.80 
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Hypo-04 HBA, HBD, HY, HY, HY 113.413 10.520 1.153 0.79 
Hypo-05 HBD, HY, HY, HY, HY 113.850 10.092 1.208 0.77 
Hypo-06 HBA, HBD, HY, HY, HY 114.988 8.950 1.240 0.75 
Hypo-07 HBA, HBA, HY, HY, HY 116.334 7.600 1.260 0.74 
Hypo-08 HBA, HBD, HY, HY, HY 119.520 4.422 1.370 0.69 
Hypo-09 HBA, HBD, HY, HY, HY 119.855 4.092 1.250 0.75 
Hypo-10 HBA ,HBD, HY, HY 120.314 3.628 1.400 0.67 

a HBD = hydrogen bond donor, HBA = hydrogen bond acceptor, HY = hydrophobic features; b cost difference 
between total cost of the corresponding hypothesis and the cost of the null hypothesis (123.942); c root mean 

square deviation (Note: Fixed cost of the hypothesis was 96.305) 
 The total cost of each pharmacophore model was close to the fixed cost value, which 
is expected for a good pharmacophore model, and hence, for an efficient HypoGen run. The 
term ‘cost’ in HypoGen algorithm indicates the number of binary bits required to generate a 
particular pharmacophore/hypothesis. The HypoGen algorithm performs three important 
theoretical cost calculations, namely fixed, null and total costs, as determinants of the 
superiority of any particular pharmacophore model over others. The configuration cost was 
also within the allowed range (≤ 17.000). The difference between the null cost (123.942) and 
the fixed cost (96.305) was 27.637, while the difference between the null cost and the total 
cost (101.226) of the best pharmacophore model (Hypo-01; Figure 2) was 22.716 bits. The 
probable explanations for observed lower value of the cost difference (residual cost) in the 
present study as well as previously reported in the literature48, 49 may be due to the presence 
of fairly rigid and structurally homologous molecules in the training set. The best 
pharmacophore model (Figure 2), comprising three hydrophobic (HY) and one hydrogen 
bond donor (HBD) features along with 34 excluded volumes, was found to be the most 
significant in terms of its high correlation (r) of 0.955 and low root mean square (rms) error 
of 0.569 only. A very small difference (only 5 bits) between the total and fixed costs 
additionally demonstrated the significance of the best pharmacophore model. The observed 
and estimated AChE inhibitory activities of the training set compounds, by Hypo-01, is given 
in Table 2, while the graph between the two is given in Figure 3. 

 

Figure 2: The best pharmacophore model comprising three hydrophobic, one hydrogen bond 
donor and a set of 34 excluded volumes. 
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Table 2: Observed and estimated AChE inhibitory activities (IC50, nM) of the training set 
molecules by the best pharmacophore model (Hypo-01). 
 

Comp FitValue IC50 (nM) 
Est.a            Obs.b 

Activity Scalec 
Est.          Obs. 

pIC50 
(Est.; nM) 

pIC50   
(Obs.; nM) 

1 5.64 5.00 10.00 +++ +++ ‐0.699  ‐1.000 
2 4.90 27.00 15.00 +++ +++ ‐1.431  ‐1.176 
3 4.52 66.00 22.10 +++ +++ ‐1.820  ‐1.344 
4 4.92 26.00 26.00 +++ +++ ‐1.415  ‐1.415 
5 4.88 29.00 40.00 +++ +++ ‐1.462  ‐1.602 
6 4.52 65.00 56.70 +++ +++ ‐1.813  ‐1.754 
7 4.28 120.00 78.00 ++ +++ ‐2.079  ‐1.892 
8  4.29 110.00 94.00 ++ +++ ‐2.041  ‐1.973 
9  4.55 61.00 110.00 +++ ++ ‐1.785  ‐2.041 
10  4.28 110.00 160.80 ++ ++ ‐2.041  ‐2.206 
11  4.23 130.00 210.00 ++ ++ ‐2.114  ‐2.322 
12  3.62 520.00 245.30 + ++ ‐2.716  ‐2.390 
18  2.97 2300.00 830.00 + + ‐3.362  ‐2.919 
19  3.53 640.00 1500.00 + + ‐2.806  ‐3.176 
20  2.94 2500.00 2500.00 + + ‐3.398  ‐3.398 
13  3.62 520.00 285.00 + ++ ‐2.716  ‐2.455 
14  3.79 350.00 330.00 ++ ++ ‐2.544  ‐2.519 
15  3.89 280.00 387.50 ++ ++ ‐2.447  ‐2.588 
16  3.95 240.00 690.00 ++ + ‐2.380  ‐2.839 
17  3.07 1800.00 780.40 + + ‐3.255  ‐2.892 
21  3.05 2000.00 3560.00 + + ‐3.301  ‐3.551 
22  2.59 5500.00 4300.00 + + ‐3.740  ‐3.633 
23  2.81 3400.00 9887.00 + + ‐3.531  ‐3.995 
24  1.55 61000.00 41130.00 + + ‐4.785  ‐4.614 

a Est. = estimated; b Obs. = observed; c Activity scale: +++ (IC50 < 100nM, highly active), ++ (100 < IC50 < 500 
nM, moderately active), + (IC50  > 500 nM, poorly active). 

 

 
 

Figure 3: 2D scatter plot between observed and estimated AChE inhibitory activities (pIC50) 
of the training (blue coloured dots) and test set (magenta coloured triangles) compounds. 
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The training set compounds were estimated very accurately by the best 
pharmacophore model with considerably low rms error, and were correctly categorized into 
highly active, moderate active and inactive classes, with few exceptions e.g. the two active 
compounds, namely 7 and 8, were estimated to be moderate active, and the two moderate 
active compounds, namely 12 and 13, were estimated to be inactive (Table 2).  
Model Validation: Apart from the internal statistics such as correlation, cost-function quality 
and ability to explain the training set compounds, an additional validation of the model using 
the test set (referred as test set validation) is one of the mandatory steps for establishing its 
competency for prediction accuracy as well as classification quality among the test set 
compounds, which were kept aside during the model development process. Therefore, in the 
present study, the best pharmacophore model was further validated using the test set of 40 
compounds (Table 3). As expected, the best pharmacophore model well performed in this 
crucial step and well explained the AChEI activity variation among the test set compounds 
with correlation (r) of 0.844 (r2 = 0.713; Figure 3). This further substantiated its significance, 
and thereby provided an added assurance of its suitability for the use in the virtual screening 
process to identify novel potent AChE inhibitors. The observed and estimated AChE 
inhibitory activities of the test set compounds is given in the supporting information. 
 
Table 3: Details of the 40 compounds in the test set 
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Obs.  Est. Obs.  Est. 
36 Methyl -1.43 -2.90 +++ + 
37 Ethyl -1.91 -1.80 +++ +++ 
38 (2-methyl)phenyl -1.11 -1.35 +++ +++ 
39 (4-isopropyl)phenyl -3.59 -3.62 + + 
40 Ethyl -2.56 -2.55 ++ ++ 
41 (2-methyl)phenyl -1.75 -3.02 +++ + 
42 (2-methyl)phenyl -1.36 -1.12 +++ +++ 
43 (4-isopropyl)phenyl -3.42 -3.15 + + 
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N

N
N

R3

R4
R2 R1

 
44-50 

 

Comp R1 R2 R3 R4 
AChEI Activity 

(pIC50 (nM) 
Activity 

Scale 
Obs.  Est. Obs.  Est. 

44 H Isopropyl Methyl H -2.51 -4.15 ++ + 
45 Methyl H Methyl H -1.23 -1.96 +++ +++ 
46 Methyl H Methyl Phenethyl -2.74 -2.48 + ++ 
47 H Isopropyl Benzyl Methyl -4.11 -4.65 + + 
48 H Isopropyl H Methyl -3.31 -3.31 + + 
49 Methyl H Benzyl Methyl -2.00 -2.45 ++ ++ 
50 Methyl H Benzyl Benzyl -3.25 -2.79 + + 
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51-59     60-64   

Comp R1 R2 R3 
AChEI Activity (pIC50 (nM) Activity Scale 

Obs.  Est. Obs.  Est. 
51 Methyl Benzyl Methyl -3.45 -3.47 + + 
52 Phenyl Benzyl Methyl -4.05 -4.51 + + 
53 Methyl H Methyl -3.34 -3.36 + + 
54 Phenyl H Methyl -3.75 -3.74 + + 
55 Phenyl Methyl Methyl -3.54 -3.45 + + 
56 Phenyl Methyl H -1.14 -1.62 +++ +++ 
57 Methyl Methyl H -1.32 -1.71 +++ +++ 
58 Methyl H Methyl -1.75 -2.06 +++ ++ 
59 Phenyl H H -2.36 -2.33 ++ ++ 
60 Phenyl H Methyl -1.61 -1.84 +++ +++ 
61 Methyl Methyl Methyl -1.45 -2.03 +++ ++ 
62 Methyl H H -3.17 -3.17 + + 
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63 Methyl Benzyl Benzyl -3.04 -3.23 + + 
64 Methyl Benzyl Methyl -2.21 -2.23 ++ ++ 

        

  
1 38  

 
Figure 4: Pharmacophore mapping of the most active compounds viz. 1 (left) and 38 (right) 
in the training and test set respectively. 

 
 
The Hypo-01 was further studied for its mapping pattern, and thereby classification among 
the highly active, moderately active and inactive (or lesser active) compounds in the training 
and test set. The mapping analysis of the highly active compounds, namely 1 and 38 in the 
training and test set respectively, revealed that none of the essential pharmacophoric features 
were missed and all features mapped with the least displacement from the centroid of all 
features (Figure 4). The angular methyl group of compounds, namely 1 and 38, mapped well 
with the HYDROPHOBE_2 feature of the Hypo_01, while phenyl ring of the non-carbamate 
core of each molecule mapped with the HYDROPHOBE_3. The carbamoyl NH mapped to 
the HBD_1 feature, while the HYDROPHOBE_4 feature mapped to the ethyl and methyl 
groups of compounds 1 and 38 respectively. The moderate and lesser active (inactive) 
compounds missed to map one or more pharmacophoric features, and thereby well 
recommended their corresponding categories.  
Complementarity between Best Pharmacophore and Active Site Residues of AChE: One 
of the most remarkable features of the AChE enzyme is the high aromatic content of ~20Å 
deep and cylindrical active-site gorge, which is lined by 14 conserved aromatic amino acids, 
namely Phe120, Phe288, Phe290, Phe330, Phe331, Trp84, Trp233, Trp279, Trp432, Tyr70, 
Tyr121, Tyr130, Tyr334, and Tyr442.50 The X-ray crystallographic studies have also 
established the involvement of several of these conserved aromatic residues in interactions 
with AChE inhibitors via both π-cation and π–π stacking interactions.50 Therefore, it appears 
that the hydrophobic interaction between the AChE enzyme and its inhibitors is one of the 
most salient features present, which was also reported by us previously based on 3D-QSAR 
comparative molecular field analysis (CoMFA) and comparative molecular similarity indices 
analysis (CoMSIA) studies.39, 40 Among the known co-crystallized structures of Torpedo 
californica AChE available in the RCSB Protein Data Bank (www.rcsb.org), one is co-
crystallized with Rivastigmine (PDB-Id: 1GQR51), and other one is with Ganstigmine (PDB-
Id: 2BAG52). Among these two co-crystallized AChE inhibitors, Rivastigmine is present in 
the broken form (Figure 5) with carbamate part being covalently bound with Ser200 while 
rest non-carbamate part remains in the anionic subsite lined by Trp84 and Phe330 residues of 
the catalytic site (CAS). In case of 2BAG, the carbamate part is covalently bound with the 
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Ser200 but the non-carbamate part is absent. Docking of the most active compound 1 into the 
active site of AChE enzyme, using the GOLD53 program, revealed that all mapped 
pharmacophoric features of the best pharmacophore (Hypo-01) well complemented with the 
active site residues (Figure 5), which further substantiated the acceptability of the best 
pharmacophore. The two residues, namely Trp84 and Phe330 of the anionic subsite 
correspond to HYDROPHOBE_2 and HYDROPHOBE_3 respectively, while the projection 
of carbamoyl amino group towards His440 corresponds to HBD_1 feature, and the 
hydrophobic group attached to the carbamoyl nitrogen resides in the acyl pocket surrounded 
by Trp233, Phe288 and Phe290 residues and corresponds to the HYDROPHOBE_4 feature 
of the best pharmacophore.  

 
Figure 5: Stereo-view of binding poses of broken carbamate and non-carbamate fragments of 
the compound 65 (Rivastigmine) and 1 in the active site of AChE enzyme. Fragments are 
displayed in the orange coloured ball and stick form while the active site residues are 
displayed as lines. 

 
Apart from the test set validation, a set of 13 known potent AChE inhibitors54-62 

(Figure 6) were collected from the literature for external validation of the best 
pharmacophore (Hypo-01). This model well mapped and predicted the AChEI activity of 
these additional compounds, and further added to the robustness of the model. The estimated 
and observed AChEI activities of these compounds are given in Table 4, while their 
pharmacophore mapping patterns are given in the supporting information. 

 
Table 4: Observed and estimated AChEI activities (IC50, nM) of 13 compounds of the 
external set by the best pharmacophore model (Hypo-01) 
 

Name FitValue IC50 (nM) 
Est.a            Obs.b Reference 

65 (Rivastigmine) 3.061 1900.53 4150.00 72 
66 (Physostigmine) 4.520 65.00 56.70 72 
67 (Eptastigmine) 4.704 43.228 22.00 72 
68 (Phenserine) 4.518 66.00 22.10 72 
69 (Tolserine) 4.88 29.00 40.00 72 
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70 4.526 65.196 32.00 61 
71 (CHF2819) 4.567 59.316 125.00 72 
72 (Quilostigmine; NXX-066) 4.232 128.361 148.00 57 
73 (P10358) 4.449 77.842 100.00 60 
74 4.396 87.86 8.11 58 
75 4.126 163.87 30.00 58 
76 4.556 60.784 17.30 58 
77 4.360 95.435 7.00 62 

a Est. = estimated; b Obs. = observed 
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Figure 6: Carbamates reported as AChE inhibitors (Note: Green coloured part in each 
structure indicates common substructure/core). 
 
Core Hopping and Virtual Library Generation: 
Core Hopping refers to the process of searching of novel core, which matches with the known 
core in the reported highly active inhibitors/drugs for the particular activity. In the present 
study, we applied our state-of-art in the design of the core using a very well applied approach 
known as substructure searching. However, in the substructure (core) searching approach, the 
most crucial task is the selection of the substructure (core). In our opinion, the best way to 
gain an insight into the possible substructure (core) should be based on the structures of the 
reported clinically effective inhibitors/drugs, which has either reached into the market of had 
succeeded in the clinical trial phases.  
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Common core analysis (green coloured parts in Figure 6) among the known clinically 
effective carbamate class of AChE inhibitors54-62 led us to proceed with the 4-
carbamoylphenylmethylamine core (Figure 7) in the design of the novel core and its use in 
the generation of virtual combinatorial library. The strategy adopted for the novel core design 
is outlined in Figure 7. 
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indicates substitution sites

ON

O

ON

O

 
Figure 7: Strategies adopted during core hopping and virtual library generation. 

 
The virtual combinatorial library was generated using CombiGlide module63 implemented in 
the Schrodinger software64 in which substituted/ unsubstituted alkyl, aryl, heteroaryl and 
other groups at the substitution sites (circled in Figure 7) in the designed cores. The generated 
virtual library was subjected to the Build Database protocol implemented in the Accelry’s 
DS2.0, which provided a multi-conformer database for the use in the pharmacophore-based 
virtual screening (PBVS) protocol. 
Pharmacophore-Based Virtual Screening: The PBVS has been a well adopted in-silico 
high-throughput screening process for identification and optimization of novel lead 
molecules. In search of potent AChE inhibitors, the best pharmacophore model (Hypo-01) 
was used in the PBVS protocol using the multi-conformer database, which in turn led to the 
identification of novel carbamates as potent AChE inhibitors. Among the identified 
molecules, a set of 9 prioritized compounds 85-93 (Table 5) were targeted for synthesis and 
pharmacological evaluation to test the best hypothesis (Hypo-01). Figure 8 shows the overlay 
of two most active compounds (92 and 93) over the best pharmacophore. These two 
compounds mapped all features very well with n-heptyl and chloro groups of compound 92 
and 93 respectively mapped to the HYDROPHOBE_4, while their carbamoyl NH mapped to 
HBD_1. Other two features viz. HYDROPHOBE_2 and HYDROPHOBE_3 mapped to the 
pyridyl and phenyl rings of the quinoline respectively with slightly higher displacement from 
their centroids. Figure 9 shows the docked poses of the carbamate and non-carbamate 
fragments of compounds 86 and 93, where it is clear that the two residues, namely Trp84 and 
Phe330 of the anionic subsite correspond to HYDROPHOBE_2 and HYDROPHOBE_3 
respectively, while the projection of carbamoyl amino group towards His440 corresponds to 
HBD_1 feature, and the hydrophobic group attached to the carbamoyl nitrogen resides in the 
acyl pocket surrounded by Trp233, Phe288 and Phe290 residues and corresponds to the 
HYDROPHOBE_4 feature of the best pharmacophore. 
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Figure 8: Pharmacophore mapping of the two most active compounds. 

 

 
Figure 9: Stereo-view of binding poses of broken carbamate and non-carbamate fragments of 
the compound 86 and 93 in the active site of AChE enzyme. Fragments are displayed in 
theorange coloured ball and stick form while the active site residues are displayed as lines 
 
Table 5: Chemical Structures of designed compounds and their AChE inhibitory (in-silico & 

in-vitro) and in-vivo learning improvement activities. 
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Compd. Type R1 R2 
AChEI Activity 

(IC50; nM) 
 Passive Avoidance Test 
 Trials % LI≠ 

Estimated Observed  1st 2nd 
85 A n-Hexyl Bn 87.36 ND**  92.00 205.00 89.190 

86 A 2-Chlorophenyl Bn 141.22 3310  83.50 186.40 89.597 
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87 A 3-Bromophenyl H 313.92 ND  97.00 195.00 67.395 

88 A 4-Chloro-3-
trifluoromethylphenyl H 411.03 ND  133.00 222.20 33.431 

89 A 4-Bromophenyl H 233.88 ND  120.00 216.40 46.697 

90 A 4-Chloro-3-
trifluoromethylphenyl Me 134.16 ND  104.00 218.00 75.979 

91 A 4-Bromophenyl Me  328.43 ND  124.00 242.00 61.525 

92 B n-Heptyl -- 99.83 ND  99.00 238.00 106.768 

93 B 2-Chlorophenyl -- 86.50 ND  89.60 230.00 123.060 

Scopolamine*  ‐‐  --  110.00 147.00 0 

Donepezil  ‐‐  90.00  91.40 245.00 134.416 

Tacrine  ‐‐  800  73.40 241.00 194.702 
*(3 mg/kg, ip), ** ND = not determined due to coloured nature of compound and/or solubility problem, ≠ % 

learning improvement: % learning in treated group - % learning in Scopolamine group, where % learning: 2nd 
trial - 1st trial/1st trial] x 100. 

 
Chemistry: The synthesis of the intermediates (78-84) and designed compounds (85-93) is 
outlined in Scheme 1. The 6-methoxyquinoline (78) was partially reduced to 6-methoxy-1, 2, 
3, 4-tetrahydroquinoline (79) using Nickel-aluminium alloy, ethanol and 10% NaOH in water 
(w/v) at ambient temperature. The N-benzylation of 6-methoxy-1, 2, 3, 4-tetrahydroquinoline 
(79) was done using benzyl chloride in the presence of potassium carbonate (K2CO3) and 
potassium iodide (KI) as inorganic bases in anhydrous N, N-dimethylformamide (DMF) as 
the organic solvent. The N-methylation of 6-methoxy-1, 2, 3, 4-tetrahydroquinoline (79) was 
done using methyl iodide in the presence of sodium hydride (NaH) as an inorganic base in 
anhydrous DMF at -10 to 30ºC. The conversion of 6-methoxyquinoline (79), N-benzyl-6-
methoxy-1,2,3,4-tetrahydroquinoline (80) and N-methyl-6-methoxy-1,2,3,4-
tetrahydroquinoline (81) into respective 6-hydroxyquinoline (82), N-benzyl-6-hydroxy-
1,2,3,4-tetrahydroquinoline (83) and N-methyl-6-hydroxy-1,2,3,4-tetrahydroquinoline (84) 
was accomplished by refluxing corresponding methoxy intermediates in 47% HBr in water 
(v/v) solution for 5-8 hours.  The reaction of corresponding hydroxyl intermediates namely, 
82, 83, 84 with substituted or unsubstituted alkyl/aryl isocyanates using dry tetrahydrofuran 
(THF) as solvent in the presence of one of the inorganic bases like NaH, pyridine etc yielded 
corresponding carbamate derivatives namely 85, 86, 90, 91, 92, 93 etc as final desired 
compounds. The N-debenzylation was accomplished using 10% Pd-C catalyst and H2 at 50 
psi to afford title compounds 87-89.  
Scheme 1: 
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Reagents and conditions: a. Nickel-aluminium alloy, ethanol, 10% NaOH in water (w/v), 5-6 hrs; b. benzyl 
chloride, dry DMF, baked K2CO3 (or NaCO3), NaI (or KI), 80oC, 3-5 hr; c. 47% HBr in water (v/v), reflux, 5-8 
hrs; d. RNCO, NaH, THF; e. 10% Pd-C, MeOH, H2 at 50 psi; f. CH3I, NaH, DMF, -10 to 30oC 

Pharmacological Results: All compounds were evaluated using three diverse assay 
systems: (i) in-vitro assay method described by Ellman et al.65 (ii) in-vivo passive avoidance 
test66 conducted in adult Swiss male mice of 3-4 months (wt. 20-25 g) and (iii) in-vivo assay 
called aldicard-sensitivity assay employing C. elegans as model system.44, 46 Scopolamine 
induced impairment in passive avoidance test (in-vivo) and the inhibition of AChE in rodents 
are commonly employed screening tests to predict the potential of an AChE inhibitor as 
cognitive enhancer (anti-dementic) drug.67 Table 5 summarizes the in-silico estimated and in-
vitro observed AChE inhibitory (AChEI) activities, and also the in-vivo activity data (% LI; 
Passive avoidance test) of the synthesized compounds (85-93), and Tacrine and Donepezil as 
reference compounds. Figure 10 describes the transfer latency time (TLT; sec) in the first and 
second trial of the synthesized compounds (85-93), and Donepezil. Figure 11 shows the in-
vivo data obtained from the biological assay employing C. elegans model system (aldicard-
sensitivity assay). The results of compounds, namely Donepezil, 85, 86, 89 and 93 were 
significant at p < 0.05, whereas the compound 88 was significant at p < 0.001 in the aldicarb-
sensitivity assay.  

 
 

Figure 10: In-vivo results of Scopolamine induced deficit (dementia/amnesia) in adult Swiss 
male mice (Passive Avoidance Test) of the screened compounds. 
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Figure 11: Effect of different compounds on the ACh availability in C. elegans model 
system. 

 
 

The compounds 85 and 86 with est. AChE IC50 of 87.36 and 141.22 nM also showed good in-
vivo % LI of 89.190 and 89.597 respectively at an oral dose of 20 μmol/kg (1% aqueous 
suspension in gum acacia). In the colorimetric assay system (Ellman method), the compound 
86 showed observed AChE IC50 = 3310 nM. In the C. elegans model system, compound 85 
was found to increase the level of ACh in the synaptic cleft to more extent as compared to 
Donepezil, a widely used anti-Alzheimer drug.  The compound 87 with est. AChE IC50 of 
313.92 nM showed the % LI of 67.395, which was found to be comparatively more potent 
than its homologue 88 (est. AChE IC50 = 441.03 nM & % LI = 33.431), the least active 
compound in this series. The compound 90 and 91 were also found to be potent memory 
enhancer with % LI of 75.979 and 61.525 respectively. Two compounds 92 and 93, with 
estimated (est.) AChE IC50 of 99.83 and 86.50 nM respectively, showed excellent in-vivo 
anti-dementia activity with %LI of 106.768 and 123.06 respectively, at an oral 
dose of 20 μmol/kg (1% aqueous suspension in gum acacia) compared to the reference drug 
(Donepezil; % LI = 134.416; oral dose = 20 μmol/kg; observed AChE IC50 = 90 nM). The 
increase in the availability of neurotransmitter ACh in the synaptic cleft of C. elegans 
associated with these two compounds 92 and 93 was almost equal to the ACh level increased 
by the well known AChE inhibitor, Donepezil (Figure 11). As shown in Figure 12, the three 
measurements, namely % LI, % increase in ACh in the synaptic cleft, and estimated AChE 
IC50 (nM) of compounds 85, 86, 90-93 and Donepezil (reference drug) well corroborated 
with each other, in terms of trend co-linearity for all compounds except compounds 87-89. 
Exact reason for such exceptions is not known and requires some additional studies. 
However, it may be stated that the main reason for such exceptions may be their inability to 
cross the blood brain barrier (BBB), because of their higher hydrophilic factor (hyd. factor) 
which is a measure of hydrophilic nature of a compound. The hydrophilic factor of each 
compound was calculated using DRAGON program.68 The hydrophilic factor of compound 
87, 88, and 89 was -2.87, -2.34 and -2.87 respectively, which was quite higher than rest of the 
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compounds (hyd. factor range: -6.87 to -8.43). Also, it may interesting to note that these three 
exceptional compounds (87-89) are composed of the same heterocyclic core, 1,2,3,4-
tetrahydroquinoline, out of which the compounds 87 and 89 have meta- and para-
bromophenyl groups respectively attached to carbamoyl nitrogen (Table 5).  

 
Figure 12: Comparative analysis of the biological activities of the synthesized compounds 
from three different assay systems. 

 

 
 

Figure 13: Stacked line plot of the estimated AChE pIC50 (nM), the %LI and the % increase 
in ACh availability associated with different compounds. 



Journal of Medicinal Chemistry, 53(17), 6490-6505 
 

 
Figure 13 shows the stacked-line plot of the % LI, and % increase in ACh availability at 
synaptic cleft, where it is evident that these three variables, obtained from two different assay 
systems, are following similar trend. Also, it further proves the fact that the memory 
(cognition) is highly dependent on the availability of ACh in the synaptic cleft in between 
pre- and post-synaptic neurons. In view of it, it may be noted that the % availability of the 
neurotransmitter ACh in the synaptic cleft is the most determinant factor of memory 
functioning in a model system.    
Based on the above results, obtained from three diverse assay systems, the two compounds 85 
and 86 (Table 5) were selected as potential lead compounds for further consideration. These 
two compounds are novel substituted carbamate esters attached to 6th position of N-benzyl-1, 
2, 3, 4-tetrahydroquinoline core. In our lab, further optimization of these leads is under 
progress to develop more comprehensive structure-activity relationship, which may lead to 
the discovery of potential candidate molecule as AChE inhibitors for the treatment of the AD.        
Structure-Activity Relationship (SAR): The SAR analysis of a set of 9 carbamates 
provided important insights into the essential structural requirements for effective AChE 
inhibition and memory enhancement, by increasing the level of cognitive neurotransmitter 
ACh in the synaptic cleft. It was observed that the introduction of bulky hydrophobic groups 
at the carbamoyl nitrogen led to compounds with better AChEI and learning improvement 
(LI) activity. Among the substituted phenyl groups attached to carbamoyl nitrogen, the order 
of preference should be: ortho (o) > meta (m) > para (p) for AChE inhibition and memory 
enhancement. For example, ortho-chlorophenyl should be preferred over meta- and para-
chlorophenyl, as an attachment group to the carbamoyl nitrogen. Conclusions drawn based on 
their structural analysis are in good agreement with our earlier published structural insights 
gained from the 3D-QSAR comparative molecular field analysis (CoMFA) and comparative 
molecular similarity indices analysis (CoMSIA) studies on diverse carbamates.40 In this 
study, the presence of bulky hydrophobic groups at the carbamoyl nitrogen was found to be 
essential for potential AChE inhibition. On the other hand, structural analysis of the lead 
compounds 85 and 86 suggests the presence of a hydrophobic group with steric bulk on the 
nitrogen of the 1,2,3,4-tetrahydroquinoline is responsible for their potential activities, which 
is also well corroborates with our reported structural insights.40 

 
 

   
CONCLUSION 

In the present study, an efficient virtual screening has been performed using a 
Catalyst/HypoGen-based pharmacophore and in-house virtual library for discovering novel 
promising AChE inhibitors. The quantitative pharmacophore has been developed using the 
training set of 24 molecules with the help of HypoGen module implemented in the Catalyst. 
The best pharmacophore model provided a statistically significant correlation of 0.95 (rms = 
0.568), and explained about 91% AChEI activity variation in the training set compounds. The 
best pharmacophore model has also well estimated AChEI activities of the test set 
compounds with overall predictive correlation (r) of 0.814 and explained about 71% AChEI 
activity variation. In addition, this model very well predicted diverse class of clinically potent 
AChE inhibitors. The PBVS of in-house virtual library using the statistically significant 3D 
pharmacophore model provided novel potent AChE inhibitors. The pharmacological 
evaluation of a set of 9 synthesized carbamates, against three diverse assay systems namely 
(i) in-vitro (Ellman method), (ii) in-vivo (passive avoidance test), and (iii) Caenorhabditis 
elegans model system-based aldicarb-sensitivity assay, led into the discovery of novel potent 
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carbamates, which are found to increase availability of acetylcholine (ACh) in the synaptic 
cleft by inhibiting AChE enzyme, and also found to enhance the learning tendency (memory) 
in Swiss male mice. Based on the data derived from three diverse assays, two novel lead 
compounds, namely 85 and 86, with desirable physicochemical properties, have been selected 
as candidate molecules for further optimization, which in the recent future may provide novel 
potent AChE inhibitors for the therapy of Alzheimer’s disease (AD), an unmet global need. 

EXPERIMENTAL SECTION 
Pharmacophore-Based Virtual Screening 
Modeling Tools and Biological Data: All molecular modeling works were accomplished 
using the Window-based Accelrys Discovery Studio version 2.0 (DS2.0).69 The Catalyst 4.7 
was used for pharmacophore modelling and virtual screening.69 A structurally diverse set of 
64 compounds, reported as AChE inhibitors with AChE inhibitory activity data (expressed as 
IC50) spanning about 3.6 orders of magnitude (10-41130 nM), were considered in the present 
study.70-74 The AChE inhibitors were categorized into highly active (AChE IC50 ≤ 100 nM), 
moderately active (100 < IC50 < 500 nM), and poorly active (AChE IC50 ≥ 500 nM). The 
dataset was classified into the training set (24 compounds: Figure 1) and test set (40 
compounds) in such a way to avoid any redundancy in terms of structural features or activity 
range and also to provide clear and concise information during model development using the 
HypoGen algorithm implemented in the Catalyst software.75 
The pharmacophore model development methodology is well described in the literature.76, 77 
In brief, the energy minimized 3D structures (using CharmM forcefield78 until the gradient 
dropped below 0.001) were submitted for diverse conformational generation using the “best 
quality” conformational search option in the Catalyst software using a constraint of 20 
kcal/mol energy threshold above the global energy minimum, 255 as the maximum number 
of conformations and CharmM force field parameters78 to ensure maximum coverage in the 
conformational space. All other settings were kept as default. On the basis of the structural 
characteristics of the training set compounds, only HBA, HBD, HY, RA features from feature 
dictionary were considered for model development. The pharmacophore modeling, which is 
done in three subsequent phases viz. constructive, subtractive and optimization phases, was 
accomplished using HypoGen algorithm based on the training set of 24 compounds. The top 
10 scoring pharmacophore models (hypotheses) were analysed for their statistical 
significance and to determine the best model by analysing quality of the mapped 
conformations as well as analysis of theoretical costs, namely fixed, null, total, error, weight, 
configuration, and residual costs.79 The term ‘cost’ in HypoGen algorithm indicates the 
number of binary bits required to generate a particular pharmacophore/hypothesis. The 
recommended values of residual, weight and configuration costs are ≥ 40, ≤ 2 and ≤ 17 
respectively. Further quality assessment and validation of the pharmacophore model was 
done using the test set compounds, which were kept apart during the model development 
process. 
In vitro Pharmacology: Ellman Method 
The assay of AChE inhibition was performed according to method described by Ellman et 
al.65 using the human AChE purified from red blood cells. The kinetic profile of the AChE 
enzyme activity was studied spectrophotometrically at a wavelength of 412 nM at an interval 
of 15s. The assay for each sample was run in duplicate and each experiment was performed 
thrice. The test substance was incubated with enzyme in the concentration of 100 μg/mL of 
reaction mixture for 30 min at 37oC prior to obtaining the kinetic profile of AChE activity. 
Donepezil (1μg/mL) was used as standard AChE inhibitor (standard control). The AChE 
inhibitory activity was calculated on the basis of % decrease from control values i.e. AChE 
activity without incubation with any standard or test drug. 
In vivo Pharmacology:  
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Passive Avoidance Test: The study was conducted in adult Swiss male mice of 3-4 months 
(wt. 20-25 g) were kept in standard housing condition with 12h light and dark cycle. The food 
and water were available ad libitum. Mice were subjected to single trial passive avoidance 
test as described by Brioni.66 Passive avoidance test was studied in a computerized shuttle 
box (Columbus Instruments, Ohio, USA) provided with a software programme PACS 30. 
The shuttle box is comprised of two compartments isolated by an automated door. After 
exploration period of 30s for acclimatization, animal was subjected to a trial of 270s. Each 
mouse was placed in the bright compartment and on transfer into the dark compartment; it 
was given an electric shock (0.5 mA for 5 s) through floor grid. Transfer of mice from bright 
to dark compartment was recorded as transfer latency time (TLT) in seconds. TLT was 
recorded in control and treated groups (1st Trial, acquisition) and then after 24 hrs (2nd Trial, 
retention). An increase in the TLT on 2nd Trial (retention) as compared to 1st Trial 
(acquisition) was taken as the criterion for successful learning and memory improvement 
(cognitive activity). Mean values and standard errors (S.E.) of the mean were calculated for 
TLT and specific activity of AChE in the different regions of brain samples of each group. 
The significance of difference between values of AChE activity and TLT between the groups 
was determined by one-way ANOVA test that followed by Dunnett’s test. 
Assay employing C. elegans (model system): In order to study the effect of test compounds 
on ACh release, a biological assay employing model system C. elegans,44 was performed as 
per the method described in Mahoney et al.46 with slight modifications. Briefly, the wild type 
strain N2 (var. Bristol) of C. elegans, procured from C. elegans Genetics Center (CGC) 
University of Minnesota, USA, was used. Healthy gravid population of nematodes grown on 
Nutrient Growth Medium (NGM) Agar under standard conditions80 (Brenner, 1974) were 
subjected to embryo isolation by axenization method81 (Stiernagle, 1999). Embryos were 
transferred to NGM plates seeded with their standard food (bacteria E. coli) premixed with 
the test compounds. Nematodes were grown under standard conditions on the treated plates 
for 48 hours and then washed off the plates, pelletted and transferred to assay plates 
containing Aldicarb at a concentration of 1mM premixed with NGM. Assays were performed 
in duplicates and the percentage of worms paralyzed at a time point of 3 hours was recorded. 
The percentage of worms paralyzed under treated conditions was normalized against control 
values and the data was analyzed for Mean ± S.E; statistical significance of data was 
calculated by Students t-test using Sigma Stat software package. 
Chemistry: General methods: Reagents were purchased from common commercial 
suppliers and were used without further purification. Solvents were purified and dried by 
standard procedures, when necessary. Chromatographic separations of the synthesized 
intermediates and title compounds were performed on silica gel (Merck: 100-200 mesh). 
Thin-layer chromatography was used to monitor the reactions. Melting points (uncorrected) 
were determined with Büchi 510 apparatus. Characterization of the synthesized compounds 
was accomplished in the Sophisticated Analytical Instrument Facility (SAIF) department of 
CDR, Lucknow. IR spectroscopy was carried out using Perkin-Elmer 881 spectrophotometer 
and the values are expressed as vmax cm-1. Mass spectra (MS) were recorded on a Jeol (Japan) 
SX 102/DA-6000 Mass Spectrometer. 1H NMR spectra were recorded on Bruker Spectrospin 
spectrometer at 300 MHz. The chemical shifts are reported in δ scale (ppm) and are relative 
to tetramethyl silane (TMS) as internal standard.  The coupling constants J are given Hertz 
and spin multiplicities are expressed s (singlet), d (doublet), t (triplet), dd (double doublet), 
qunit (quintet) and m (multiplet). Elemental analyses were performed on a Carlo Erba Model 
EA-1108 elemental analyzer and data of C, H and N are within ±0.4% of calculated values. 
All reported title compounds were assessed to be ≥95% pure by analytical HPLC method. 
Carbamylation: Method A: Synthesis of Hexylcarbamic acid 1-benzyl-1,2,3,4-
tetrahydroquinolin-6-yl ester (85): A mixture of 1-benzyl-1,2,3,4-tetrahydroquinolin-6-ol  
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(83, 0.239 g, 0.001 mol), hexyl isocyanate (0.152 g, 0.0012 mmol) and pyridine (0.5 mL) in 
dry THF (10 mL) was heated with stirring at 65oC for 72 hours. After the completion, the 
reaction mixture was cooled and quenched with water (1 mL) and concentrated under 
vacuum. The separated solid was washed with water (2x3 mL) and crystallized with 
anhydrous ether to give the title product 85. Yield: 0.30 g (81.9%), m.p. >335oC. 1H NMR 
(CDCl3, 200 MHz): δ 0.89 (bs, 3H), 0.90-1.29 (m, 4H), 1.50-1.56 (m, 4H), 1.98-2.15 (m, 
2H), 2.79 (t, J=6.21 Hz, 2H), 3.17-3.36 (m, 4H), 4.44 (s, 2H), 4.88 (bs, 1H), 6.42 (d, J=8.72 
Hz,1H), 6.67-6.75 (m, 2H), 7.22-7.35 (m, 5H). FTIR (KBr): cm-1 669, 760, 1026, 1217, 1348, 
1501, 1615, 1728, 2402, 2857, 3018, 3450. EIMS: m/z 366 (M+). HR-MS: calcd for 
C23H30N2O2 (M+) 366.2307; found 366.2342.  
Method B: Synthesis of 2-Chlorophenylcarbamic acid 1-benzyl-1,2,3,4-
tetrahydroquinolin-6-yl ester (86):  A solution of 1-benzyl-1,2,3,4-tetrahydroquinolin-6-ol 
(83, 0.239 g, 0.001 mol) in dry ether (10 mL) was added to a stirred suspension of sodium 
hydride (0.024 g, 0.001 mol) in dry THF (15 mL) at -10oC during 10 minutes. The reaction 
mixture was stirred for an additional 20 minutes. 2-chlorophenyl isocyanate (0.184 g, 0.001 
mol) was added to the stirring reaction mixture. The stirring was continued for an additional 2 
hours during which the temperature was allowed to rise to 35oC. The reaction mixture was 
quenched with water (0.2 mL), concentrated under vacuum, diluted with water (5 mL), 
extracted with chloroform (2x5 mL) and dried over sodium sulphate. The combined fractions 
of chloroform were concentrated under vacuum. The residue was chromatographed on silica 
gel column using chloroform: hexane (20:80) as eluent to give the title product 86 (0.25g, 
63.7%). m.p. 130-133oC. 1H NMR (CDCl3, 200 MHz): δ 1.90-2.02 (m, 2H), 2.82 (t, J=6.18 
Hz, 2H), 3.30-3.35 (m, 2H), 4.46 (s, 2H), 6.43-6.48 (m, 1H), 6.74-6.82 (m, 2H), 7.20-7.25 
(m, 5H), 7.44-7.46 (m, 4H). FTIR (KBr): cm-1 534, 754, 807, 882, 1018, 1059, 1193, 1245, 
1303, 1352, 1432, 1506, 1597, 1718, 1749, 2371, 2830, 2922, 3418, 3760. EIMS: m/z 393 
(M+1)+. HR-MS: calcd for C23H21ClN2O2 (M+1)+ 393.1292; found 393.1312. 
General Procedure of Debenzylation: Synthesis of 3-bromophenylcarbamic acid 1,2,3,4-
tetrahydroquinolin-6-yl ester (87): A nitrogen flushed mixture of 3-bromophenylcarbamic 
acid 1-benzyl-1,2,3,4-tetrahydroquinolin-6-yl ester (0.218 g, 0.005 mol, Note: This 
compound was synthesized using the method A used for synthesis of compound 85) and 5% 
Pd-C (0.02 g) in absolute ethanol (25 mL) was shaken in a par apparatus at 38oC under 50 psi 
pressure of hydrogen for 4 hours. Pd-C was then discarded through filtration. The reaction 
mixture was concentrated under vacuum and the residue was washed with dichloromethane 
(2x3 mL) to give the title product 87 (0.16 g, 92.4%). m.p. 196-198oC. 1H NMR (DMSO-d6, 
200 MHz): δ 1.73-1.81 (m, 2H), 2.55 (t, J=6.34 Hz, 2H), 3.06 (t, J=5.58 Hz, 2H), 6.67-6.98 
(m, 4H), 6.90-7.20 (m, 2H), 7.36 (bs, 1H), 9.39 (bs, 1H). FTIR (KBr): cm-1 509, 694, 758, 
815, 886, 1012, 1084, 1149, 1216, 1319, 1352, 1442, 1504, 1549, 1600, 1710, 2365, 2479, 
2727, 2827, 2927, 3420, 3780. EIMS: m/z 347 (M+1)+. HR-MS: calcd for C16H15BrN2O2 
(M+1)+ 347.0317; found 347.0322. 
4-chloro-3-trifluoromethylphenylcarbamic acid 1,2,3,4-tetrahydroquinolin-6-yl ester 
(88): This compound was synthesized using the same debenzylation procedure used for the 
compound 87 taking a nitrogen flushed mixture of 4-chloro-3-trifluoromethylphenylcarbamic 
acid 1-benzyl-1, 2, 3, 4-tetrahydroquinolin-6-yl ester (0.23 g, 0.005 mol) and 5% Pd-C (0.02 
g) in absolute ethanol (20 mL). The 4-chloro-3-trifluoromethylphenylcarbamic acid 1-benzyl-
1, 2, 3, 4-tetrahydroquinolin-6-yl ester was synthesized using the method B. Yield: 0.16 g 
(86.4. %), m.p. 150-151oC. 1H NMR (DMSO-d6, 200 MHz): δ 1.89-1.95 (m, 2H), 2.76 (t, 
J=6.08 Hz, 2H), 3.28 (t, 2H, J=5.52 Hz), 6.44-6.49 (m,1H), 6.72-6.75 (m, 2H), 7.37- 8.00 (m, 
2H), 10.14 (bs, 1H). FTIR (KBr): cm-1 661, 698, 769, 796, 819, 892, 944, 1023, 1072, 1147, 
1217, 1290, 1347, 1384, 1424, 1450, 1506, 1599, 1707, 1740, 2364, 2489, 2837, 2950, 3359, 
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3773, 3888. EIMS: m/z 371 (M+1) +. HR-MS: calcd for C17H14ClF3N2O2 (M+1)+ 371.0696; 
found 371.0681 
4-bromophenylcarbamic acid 1,2,3,4-tetrahydroquinolin-6-yl ester (89): This compound 
was synthesized using the same debenzylation procedure used for the compound 87 taking a 
nitrogen flushed mixture of 4-bromophenylcarbamic acid 1-benzyl-1,2,3,4-
tetrahydroquinolin-6-yl ester ( 0.655 g, 0.0015 mol) and 5% Pd-C (0.06 g) in absolute ethanol 
(20 mL). The 4-bromophenylcarbamic acid 1-benzyl-1,2,3,4-tetrahydroquinolin-6-yl ester 
was synthesized using the method B. Yield: 0.48 g (92.3 %), m.p. 197-199oC. 1H NMR 
(DMSO-d6, 200 MHz): δ 1.82-2.00 (bs, 2H), 2.76 (t, J=6.22 Hz, 2H), 3.27 (t, J=5.26 Hz, 2H), 
7.01-7.08 (m, 3H), 7.25-7.39 (m, 4H), 10.14 (s, 1H). FTIR (KBr): cm-1 506, 608, 690, 749, 
814, 884, 927, 1005, 1211, 1265, 1319, 1354, 1401, 1440, 1501, 1550, 1601, 1748, 1938, 
2370, 2779, 2725, 2767, 2823, 2922, 3262, 3420, 3774. EIMS: m/z 348 (M+1)+. HR-MS: 
calcd for C16H15BrN2O2 (M+1)+ 347.0317; found 347.0338. 
4-Chloro-3-trifluoromethylphenylcarbamic acid 1-methyl-1,2,3,4-tetrahydro quinolin-6-
yl ester (90): This compound was synthesized using the general carbamoylation method B 
taking a solution of 1-methyl-1, 2, 3, 4-tetrahydroquinolin-6-ol (84, 0.326 g, 0.002 mol) in 
dry THF (5 mL), a suspension of sodium hydride (0.048 g, 0.002 mol) in dry THF (5 mL) at -
10oC and 4-chloro-3-trifluoromethylphenyl isocyanate (0.53, 0.002 mol). Yield: 0.52g 
(67.6%), m.p. 151-152oC. 1H NMR (CDCl3, 200 MHz): δ 1.94-2.00 (m, 2H), 2.76 (t, J=6.50 
Hz, 2H), 2.87 (s, 3H), 3.20 (t, J=5.63 Hz, 2H), 6.52-6.57 (m, 1H), 6.78-6.82 (m, 2H), 7.46-
7.81 (m, 3H). FTIR (KBr): cm-1 537, 666, 756, 831, 894, 1029, 1147, 1264, 1423, 1489, 
1542, 1596, 1698, 1741, 2373, 2928, 3118, 3232, 3402; 3687, 3760. EIMS: m/z: 384 (M+). 
HR-MS: calcd for C18H16ClF3N2O2 (M+) 384.0852; found 384.0865. 
4-bromophenylcarbamic acid 1-methyl-1,2,3,4-tetrahydroquinolin-6-yl ester (91): This 
compound was synthesized using the general carbamoylation method B using a solution of 1-
methyl-1, 2, 3, 4-tetrahydroquinolin-6-ol (84, 0.326 g, 0.002 mol) in dry THF (5 mL) , a 
suspension of sodium hydride (0.048 g, 0.002 mol) in dry THF (5 mL) at -10oC and 4-bromo-
phenyl isocyanate (0.734, 0.002 mol). Yield: 0.40g (52.3%), m.p. 155-159oC. 1H NMR 
(CDCl3, 200 MHz): δ 1.94-2.03 (m, 2H), 2.76 (t, J=6.42 Hz, 2H), 2.87 (s, 3H), 3.20 (t, 
J=5.64 Hz, 2H), 6.52-6.57 (m, 1H), 6.78-6.88 (m, 2H), 7.25-7.45 (m, 4H). FTIR (KBr): cm-1 
674, 774, 1020, 1365, 1590, 2366, 2834, 2934, 3433, 3757, 3867, 3906. EIMS: m/z 
361(M+1)+. HR-MS: calcd for C17H17BrN2O2 (M+1)+ 361.0473; found 361.0469. 
n-heptylcarbamic acid quinolin-6-yl ester (92): This compound was synthesized using the 
method A using a mixture of quinolin-6-ol (82, 0.29 g, 0.002 mol), heptyl isocyanate (0.39 
mL, 0.0024 mol) and pyridine (2 mL) in dry THF (10 mL). Yield: 0.30 g (52.4%). m.p. 77-
80oC. 1H NMR (CDCl3, 200 MHz): δ 0.88 (bs, 3H), 1.33-1.34 (m, 8H), 1.57-1.62 (m, 2H), 
3.25-3.35 (m, 2H) 5.10 (s, 1H), 7.36-7.52 (m,1H), 7.47-7.52 (m, 1H), 7.60-7.61 (m, 1H), 
8.07-8.12 (m, 2H), 8.86-8.88 (m, 1H). FTIR (KBr): cm-1 478, 648, 731, 771, 838, 910, 977, 
1024, 1157, 1215, 1363, 1464, 1498, 1532, 1600, 1719, 2371, 2861, 2944, 3022, 3359, 3762. 
FAB-MS: m/z: 287 (M+1)+. HR-MS: calcd for C17H22N2O2 (M+1)+ 287.1681; found 
287.1698. 
2-chlorophenylcarbamic acid quinolin-6-yl ester: This compound was synthesized using 
the method A using a mixture of quinolin-6-ol (82, 0.29 g, 0.002 mol), 2-chloro-phenyl 
isocyanate (0.33 mL, 0.0024 mmol) and pyridine (0.3 mL) in dry tetrahydrofuran (5 mL). 
Yield: 0.30 g (50.2%), m.p. 225-228oC. 1H NMR (Pyridine-d5, 200 MHz): δ 6.96-7.57 (m, 
9H), 8.62-8.71 (m, 1H), 9.47 (m, 1H). FTIR (KBr): cm-1 903, 943, 1040, 1230, 1291, 1353, 
1437, 1474, 1552, 1592, 1646, 2373, 3289, 3759. EIMS: m/z: 298 (M)+. HR-MS: calcd for 
C16H11ClN2O2 (M)+ 298.0509; found 298.0544. 
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Molecular Docking:  

The GOLD53 program was used for calculating the docking modes of the compounds 1, 65, 
86 and 93 into the binding site of AChE enzyme. Atomic coordinates of AChE enzyme was 
obtained from the crystal structure of AChE in complex with rivastigmine (PDB Id: 2GQR51). 
The protein was prepared using Protein Preparation Wizard implemented in Schrödinger 
software,63 where waters and rivastigmine were removed from the PDB file, and the polar 
hydrogen atoms were added to the amino acid residues before the docking study.  

Covalent docking: Covalent docking is a unique feature of GOLD program, which is able to 
dock covalently bound inhibitors. Both protein (AChE) and ligand files were set up with the 
Ser200 oxygen (O, link atom), which was assigned in both the protein and ligand input files. 
The GOLD program assumes that there is just one atom linking the ligand to the protein (e.g. 
the O in a serine residue). More details about this docking method 
(http://www.ccdc.cam.ac.uk/products/life_sciences/gold/). 
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