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1. Introduction 

 Alzheimer’s disease (AD), one of the major brain diseases, is a complex and progressive 

neurodegenerative disease which worsens with time. Reports suggest that AD starts 20 years or 

more prior to appearance of  its symptoms, which are generally the small changes in the brain 

that remain unnoticeable to the affected persons.
1
 AD is more prevalent in elderly populations, 

usually characterized by cognitive impairment with loss of memory, language and learning 

skills.
2
 AD is ranked as the fifth leading cause of death affecting almost 47 million population 

worldwide, and the number is still rising and is estimated to grow up to 130 million or more by 

2050.
3 

Since the discovery of Alzheimer’s disease by a German psychiatrist Alois Alzheimer in 

the year 1906, researchers had undertaken great efforts to understand and unfold the 

pathophysiology of AD. However the exact cause of AD still remains uncertain but various 

causative factors such as misfolding and aggregation of amyloid-β protein, tau protein 

hyperphosphorylation, oxidative stress, metal ion dyshomeostasis and deficit of acetylcholine 

have been recognized to play important roles in pathophysiology of the disease. 
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Figure 1: Currently marketed drugs for the treatment of AD.  

 Till date no single drug has been clinically effective to prevent or stop the progress of 

AD. Currently available drugs in the market for the treatment of AD (Figure 1) include three 

acetylcholinesterase inhibitors (AChEIs) viz. rivastigmine (I), donepezil (II) and galantamine 

(III), and one N-methyl-D-aspartate receptor (NMDAR) antagonist, memantine (IV). These AD 

treatments are mainly effective to treat mild cognitive impairments (MCI) providing temporary 

relief from symptoms; however they fail to cure or reverse the progression of AD.
4
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1.1 Pathophysiology of AD 

 Due to the complexity of AD, the etiology of the disease is not yet understood 

completely. It is mostly caused by genetic, environmental and endogenous factors. Inheritance 

from the parents has been believed to be one of the major risk factors of the disease. Several 

hypotheses have also been suggested to elucidate the cause of the disease which mainly include 

cholinergic hypothesis, amyloid β-cascade hypothesis, tau hypothesis, oxidative stress and metal 

ion dyshomeostasis.
5
    

1.1.1 Cholinergic hypothesis 

 According to the cholinergic hypothesis, degeneration of neuronal cells, low levels of 

neurotransmitter acetylcholine (ACh) and related decrease in neurotransmission in the 

hippocampus and cortex region of the brain mostly causes the cognitive impairments seen in AD 

patients.
4,5

 Cholinesterases (ChEs), serine hydrolase enzymes are responsible for the decreased 

level of ACh in the brain as they rapidly hydrolyze the neurotransmitter into acetate and choline. 

ChEs are of two types viz. acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE). To 

terminate the ACh-mediated response in human brain, ACh is mainly hydrolyzed by AChE 

rather than BuChE.
6,7

 Therefore, ChEs have been considered as the potential therapeutic targets 

to develop newer ChEIs for the management of AD. 

1.1.2 Amyloid β-cascade and Tau (τ) hypothesis 

 The major histophathological characteristics of AD are the senile plaques (SPs) and 

neurofibrillary tangles (NFTs) which are the aggregates of the amyloid β-peptides and 

hyperphosphorylated tau proteins, respectively. 8-10
 Amyloid hypothesis suggested that Aβ, the 

building block of the amyloidogenic pathway, is produced by the abnormal proteolysis of 

amyloid precursor protein (APP) which further on aggregation in various parts of the brain form 

amyloid fibrils causing neuritic injury and cell death. 
11

 

 NFTs mainly comprise of paired helical filaments (PHFs) of atypical 

hyperphosphorylated Tau (τ) protein. τ-Proteins belonging to the group of microtubules 

associated proteins (MAPs) are crucial in the normal functioning of neurons as they stabilize 

microtubules and carry out neuronal trafficking. 12
 In the process of formation of NFTs, 

hyperphosphorylated τ-proteins develop as amorphous tangles and oligomers first, which then 

form PHFs. These PHFs within the nerve cells combine with other proteins including normal τ-
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proteins and MAPs to form NFTs.
13,14

 Deposition of NFTs in the neuronal cells causes 

microtubule depolymerization 10,15,16
 and interruption in the neuronal transport system leading to 

the death of neuronal cells. 17-19
 

 Some of the reports indicate the association of amyloid and tau hypotheses suggesting 

that Aβ promotes the formation of NFTs and also the oligomers of Aβ and hyperphosphorylated 

τ collectively causes neurotoxicity.
20-23

 Overall, inhibition of Aβ aggregation has been 

established as the potential therapeutic target to develop clinical agents for AD therapy.         

1.1.3 Oxidative stress 

 Reactive oxygen species (ROS) are inevitably produced endogenously in various 

biological processes at the cellular level.
24 

 Increasing evidences indicate that the oxidative stress 

generated from ROS and reactive nitrogen species (RNS) is involved in the neurodegeneration 

processes occurring in AD.
25

 Oxidative stress is responsible to increase the activity of β- and γ-

secreatases and to decrease the activity of α-secreatase which subsequently causes increase in 

production of Aβ.
26, 27 

Oxidative stress can also leads to mitochondrial dysfunction causing 

increase in concentration of ROS which react with biomolecules such as lipids, proteins, nucleic 

acids and carbohydrates. 
28-30 

Thus, efforts have been devoted to develop newer multifunctional 

antioxidants to manage or target the oxidative stress along with other pathological factors.
 

1.1.4 Metal ion dyshomeostasis 

 Metal ions play a vital role in various biological processes like metabolism, catalysis and 

signal transmission to name a few.
 31,32 

A number of reports have appeared in the literature 

describing the roles and functions of first-row transition metals such as iron (Fe), copper (Cu) 

and zinc (Zn). It has been observed that the deregulation of these active metal ions generally lead 

to increase in the oxidative stress in the brain of AD patients.
33,34

 Metal ions have also been 

involved in producing Aβ toxicity and hyperphosphorylation of τ-proteins.
35,36 

Interaction of 

metal ions with Aβ at lower physiological concentration causes metal-induced Aβ aggregation.37 

Therefore, clinical candidates having the metal chelating ability would be an additional benefit to 

combat AD. 
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2. Literature review 

 Acetylcholinesterase (AChE) is an important target for the design of novel therapeutics 

for the treatment of AD. AChE possessed two binding sites i.e. catalytic active site (CAS) and 

peripheral anionic site (PAS). Along with the hydrolysis of acetylcholine, AChE also induces the 

aggregation of amyloid-β protein. The interaction of Aβ peptides with PAS of the AChE resulted 

in the fibril formation. Inhibition of both the active sites simultaneously could be an effective 

clinical strategy to control the progression of AD.
38

 Therefore compounds with dual binding 

affinity (CAS & PAS) would be of great interest to design and develop multi-target-directed 

ligands (MTDLs).  

 Donepezil, one of the marketed drugs for AD treatment, inhibits AChE effectively 

interacting with both the active sites of the enzyme. Owing to this dual-binding mode of 

donepezil, many researchers worldwide modified and explored the structure of donepezil to 

obtain various donepezil-based MTDLs as multifunctional cholinesterase inhibitors.
39

 

Donepezil-based multifunctional cholinesterase inhibitors 

 Luo et al. described the synthesis and biological evaluation of some MTDLs for the 

treatment of AD. In their efforts to develop a novel series of MTDLs, the authors combined 

structural pharmacophores of donepezil and ebselen (V), an antioxidant. Among the series, 

compound (VI) was found to be the most potent inhibitor of AChE (IC50 value of 42 nM for 

eeAChE and 97 nM for hAChE) and AChE-induced Aβ aggregation (21.4%).
40
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 In another report, Huang et al. disclosed a series of some indanone derivatives as anti-AD 

agents wherein compound (VII and VIII) were observed to inhibit eeAChE with an IC50 value of 

14.8 nM and 18.6 nM, respectively. Both of these compounds (VII and VIII) also showed 85.5% 

and 83.8% inhibition of self-induced Aβ1-42 aggregation,respectively.
41
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 A series of substituted carboxamide analogs of donepezil have been reported by Yerdelen 

et al. as anti-Alzheimer Agents. Compound (IX) was found to be the most potent showing the 

highest AChE inhibition with an IC50 value of 80 nM (eeAChE) and about 55% inhibition of 

self-induced Aβ1-42 aggregation. It also showed promising antioxidant characteristics.
42 
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 Wang et al. synthesized some donepezil derivatives having substituted phenyl and 

heteroaryl rings. Various substituents (CH3, Cl, F, CF3 and NO2) at different positions (2
nd

, 3
rd

 

and 4
th

) of the phenyl ring of donepezil have been employed to improve the AChE inhibitory 

activity of donepezil. Biological screening of these compounds revealed that compounds with 

fluoro substituent at 2
nd

 and 3
rd

 positions of the phenyl ring offered more potent AChE inhibitory 

activity and higher selectivity towards AChE compared to BuChE. Compound (X) showed 

inhibition of both human AChE (hAChE) with an IC50 value of 32 nM and electric eel AChE 

(eeAChE) with an IC50 value of 43 nM.
43 
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 Further the metal chelating property was introduced into the compounds in addition to 

AChE inhibition by replacing the phenyl ring with the pyridyl ring. Compound (XI) exhibited 

the most potent AChE inhibitory activity in the series with an IC50 value of 73 nM (hAChE) and 

85 nM (eeAChE) comparable to the standard, donepezil having IC50 value of 48 nM (hAChE) 

and 51 nM (eeAChE). It has also displayed moderate potency to inhibit 18.5% of self-induced, 

46.3% of Cu
2+

-induced and 72.4% of AChE-induced Aβ1-42 aggregation.  

 Mishra et al. designed and synthesized some substituted benzylidene derivatives of 

donepezil as MTDLs for AD therapy. Amongst the series, compounds (XII-XIV) showed 

excellent AChE inhibitory activity against eeAChE with an IC50 value of 45 nM, 34 nM and 25 

nM, respectively. Additionally, the most active compound (XIV) displayed prominent (81%) 

inhibition of self-induced Aβ1-42 aggregation.
44  
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 Our research group at The Maharaja Sayajirao University of Baroda reported vicinal 

diaryltriazines as potent MTDLs for AD. Compound (XV and XVI) showed good AChE 

inhibitory activity and prevented Aβ aggregation.
45
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 Based on the previous research work carried out in the lab, Shidore et al. designed and 

synthesized some novel benzylpiperidine-linked vicinal diarylthiazole derivatives as promising 

AChE inhibitors. Compound (XVII) displayed potent AChE inhibition with IC50 value of 0.30 

µM for hAChE and also demonstrated good in vivo protection.
46 
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3. Aim and objectives 

 Despite its exceptional pharmacological profile, safety and tolerance, donepezil still has 

some serious issues. Donepezil could be effective for the treatment of early to intermediate 

stages of AD. It can be useful only to delay the progression of AD or manage the symptoms, it 

unfortunately failed to terminate or eliminate the cognitive impairments completely. It had been 

reported that donepezil causes moderate improvements in the quality of life of patients suffering 

from AD. Moreover, there is no single report available claiming the long-term clinical efficacy 

and safety of donepezil. Due to its limited potential, use of donepezil becomes inadequate to treat 

severe and advanced stages of AD.
47

 This is the reason why so many efforts have continuously 

been made by the medicinal chemists involved in AD research to develop novel AChE inhibitors 

with long-term efficacy and safety. 

 As the literature survey depicted, a number of new compounds have been designed by the 

hybrid approach wherein the two pharmacophores with different biological activities on different 

targets are fused together to form one hybrid structure or molecule which can be called as multi-

target-directed ligands (MTDLs). These MTDLs have been synthesized by modifying either the 

5,6-dimethoxy indanone part or the benzylpiperidine pharmacophore of the donepezil. 

 Our research group has also been actively involved in the designing and development of 

various therapeutically active compounds and successfully reported some vicinal diaryl 

heterocyclic systems as anti-Alzheimer agents.  

 

Figure 3.1: Designing of novel vicinal diaryltriazines (III) as anti-Alzheimer agents. 
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 Earlier we have disclosed the anti-Alzheimer activity of compounds (I) containing vicinal 

diaryltriazine scaffold.
45

 Some benzylpiperidine-linked vicinal diarylthiazole derivatives (II) as 

MTDLs for the treatment of AD have also been reported from the lab.
46

 Based on these previous 

research works, it was planned to explore the structure of vicinal diaryltriazine fused with the 

substituted benzylpiperidines to develop a novel series of compounds (III) as anti-Alzheimer 

agents (Figure 3.1) 

4. Result and discussion 

4.1 Chemical Work 

 Synthesis of the designed vicinal diaryltriazine containing compounds was carried out 

using the following synthetic scheme 4.1. 
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Scheme 4.1: Synthesis of vicinal diaryltriazine containing compounds (8 and 13) 
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4.1.1 Synthesis of N-(5,6-diaryl-1,2,4-triazin-3-yl)-1-benzylpiperidine-4-carboxamides (8): 

 Synthesis of N-(5,6-diaryl-1,2,4-triazin-3-yl)-1-benzylpiperidine-4-carboxamide (8) was 

carried out as shown in the scheme 4.1. First, acid chlorides were prepared from substituted 

phenylacetic acid (1) in the presence of thionyl chloride and the subsequent Friedel-Crafts 

acylation using substituted benzene (2) produced 1,2-diarylethanones (3). Further oxidation of 

(3) was carried out using selenium dioxide to get 1,2-diarylethan-1,2-diones (4) which on 

refluxing with thiosemicarbazide undergo cyclization to give 5,6-diaryl-1,2,4-triazine-3-thiol (5). 

In the next step, 5 was methylated by methyl iodide under basic conditions to obtain 3-

(methylthio)-5,6-diphenyl-1,2,4-triazine (6). Finally 3-(methylthio)-5,6-diphenyl-1,2,4-triazine 

(6) was treated with 1-substituted benzylpiperidines-4-carboxamides (7) in presence of sodium 

hydride/DMSO at R.T. to obtain the desired N-(5,6-diaryl-1,2,4-triazin-3-yl)-1-benzylpiperidine-

4-carboxamides (8).  

 1,2-Bis(4-methoxyphenyl)ethanone (3a) 

 M. P.   : 108-110 
o
C (Reported 110-112

 o
C)

48
 

 IR (KBr, cm
-1

)  : 3028, 2963, 1675, 1597, 1166, 825 

 1,2-Bis(4-methoxyphenyl)ethane-1,2-dione (4a) 

 M. P.   : 133-135 
o
C 

 IR (KBr, cm
-1

)  : 2951, 1655, 1599, 1460, 1160, 833 

 5,6-Bis(4-methoxyphenyl)-1,2,4-triazine-3-thiol (5a) 

 M. P.   : 237-239 
o
C 

 IR (KBr, cm
-1

)  : 3120, 2837, 1656, 1561, 1256, 1167, 831 

 3-(Methylthio)-5,6-bis(4-methoxyphenyl)-1,2,4-triazine (6a) 

 M. P.   : 133-135 
o
C 

 IR (KBr, cm
-1

)  : 2960, 1602, 1460, 1252, 1176 

 N-(5,6-Bis(4-methoxyphenyl)-1,2,4-triazin-3-yl)-1-(2-chloro)benzylpiperidine-4-

carboxamide (08) 

 M.P.   : 181-183 
o
C 

 IR (KBr, cm
-1

)  : 3204, 3078, 2925, 1723, 1603, 1460, 1255 
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 1
H-NMR  : 9.94 (s,1H), 7.67-7.65 (d,2H), 7.51-7.49 (d,2H),   

      7.33-7.31 (d,1H), 7.26-7.14 (m,3H), 6.95-6.93 (d,2H),  

      6.84-6.82 (d,2H), 3.85 (s,1H), 3.82 (s,1H), 3.56 (s,2H),  

      2.96-2.92 (m,3H), 2.00-1.94 (m,6H) 

 Mass (m/z)  : 544.4 (M+1) 

Other compounds having various R and X groups were synthesized on the similar lines. 

4.1.2 Synthesis of N-(2-(5,6-diaryl-1,2,4-triazin-3-ylamino)ethyl)-1-benzylpiperidine-4-

carboxamides (13): 

 3-(Methylthio)-5,6-diaryl-1,2,4-triazine (6) on refluxing with ethylenediamine at 110 
o
C 

for 2-3 hrs gave N-(2-aminoethyl)-5,6-diaryl-1,2,4-triazin-3-amine (9) which in the next step was 

treated with 1-(t.butyloxycarbonyl)piperidine-4-carboxylic acid (10) in presence of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride (EDC.HCl) and hydroxybenzotriazole (HOBt) 

under basic condition to prepare tert-butyl 4-(2-(5,6-diaryl-1,2,4-triazin-3-

ylamino)ethylcarbamoyl)piperidine-1-carboxylate (11). In the last step (11) was deprotected 

using trifluoroacetic acid (TFA) and refluxed with substituted benzyl bromides (12) to obtain 

final N-(2-(5,6-diaryl-1,2,4-triazin-3-ylamino)ethyl)-1-benzylpiperidine-4-carboxamides (13). 

 N-(2-Aminoethyl)-5,6-bis(4-methoxyphenyl)-1,2,4-triazin-3-amine (10a) 

 M. P.   : 153-155 
o
C 

 IR (KBr, cm
-1

)  : 3239, 3072, 2928, 1600, 1437, 1250, 1174, 833 

 tert-Butyl-4-(2-(5,6-bis(4-methoxyphenyl)-1,2,4-triazin-3-ylamino)ethylcarbamoyl) 

piperidine-1-carboxylate (11a) 

 M. P.   : 160-162 
o
C 

 IR (KBr, cm
-1

)  : 3269, 3077, 2935, 1686, 1520, 1430, 1253 

 N-(2-(5,6-Bis(4-methoxyphenyl)-1,2,4-triazin-3-ylamino)ethyl)-1-(2-chloro)benzyl 

piperidine -4-carboxamide (13) 

 M. P.   : 178-180 
o
C 

 IR (KBr, cm
-1

)  : 3259, 3125, 2922, 1670, 1460, 1253 

 1
H-NMR (CDCl3) : 7.51-7.49 (d,2H), 7.42-7.41 (d,1H), 7.36-7.34 (d,2H),   

      7.31-7.29 (d,1H), 7.20-7.12 (m,2H), 6.88-6.80 (m,4H),  



13 
 

      3.81 (s,1H), 3.79 (s,1H), 3.76-3.72 (q,2H), 3.63-3.59 (q,2H), 

      3.49 (s,1H), 2.78-2.75 (d,2H), 1.69-1.61 (m, 7H) 

Other compounds having different R and X groups were synthesized in a similar way. 

4.1.3 Synthesis of 1-substitutedbenzylpiperidine-4-carboxamides (7): 

 Piperidine-4-carboxamide (A) was refluxed with substituted benzyl bromides (B) in 

methanol and potassium carbonate to produce 1-substituted benzylpiperidine-4-carboxamide (7) 

as shown in scheme 4.2. 

Br

R

K2CO3

 Methanol, 
NH

H2N

O

N

H2N

O

R

(A)                               (B)                                                   (7)  

 Scheme 4.2: Synthesis of 1-substituted benzylpiperidine-4-carboxamides (7) 

 1-(2-Chloro)benzylpiperidine-4-carboxamide (B2) 

 M. P.   : 155-157 
o
C 

 IR (KBr, cm
-1

)  : 3334, 3164, 3008, 2945, 1632, 1488, 1264 

4.1.4 Synthesis of 1-(t.butoxycarbonyl)piperidine-4-carboxylic acid (10): 

 Amine of the piperidine-4-carboxylic acid (C) was protected by di-t.butyl dicarbonate 

using 1N/NaOH and THF at 0 
o
C to prepare 1-(t.butoxycarbonyl)piperidine-4-carboxylic acid 

(10) (Scheme 4.3). M. P. – 150-152 
o
C (reported 150-152 

o
C).

49
 Its IR spectra showed peaks at 

3212, 2974, 1735, 1661, 1242, 1163, 825 cm
-1

. 

THF/ 1N NaOH

0oC(BOC)2O
NH

HO

O

N

HO

O

O

O

CH3

CH3

CH3

(C)                                                                         (10)  
Scheme 4.3: Synthesis of 1-(t.butoxycarbonyl)piperidine-4-carboxylic acid (10) 

4.2 Biological Evaluation 

4.2.1 AChE/BuChE Assay 

 The AChE and BuChE inhibitory activity of the synthesized compounds was evaluated 

using the Ellman assay.
50

  

4.2.2 Thioflavin T Assay  
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 Thioflavin T assay was carried out as per the previously reported protocol to evaluate the 

Aβ1-42 aggregation inhibition of the synthesized compounds.
51,52

 

The results of the biological screening of the compounds will be discussed in detail in the thesis.  
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