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2. Literature review 

 Medicinal chemists throughout the world are recognising the importance of 

multitarget-directed ligands (MTDLs) approach to deal with complex multi-factorial diseases 

like AD. A variety of new compounds have been designed by the hybrid approach wherein 

two pharmacophores showing 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). The reported MTDLs for the management of AD are comprised of mainly 

cholinesterase inhibitors having affinity for dual binding sites (CAS & PAS) as well as some 

additional potential or property such as metal chelating, anti-oxidant, inhibition of Aβ 

aggregation, β-site APP cleaving enzyme (BACE-1) and monoamine oxidase-B (MAO-B). 

Most of these MTDLs have been synthesized by modifying the structure of the existing 

AChE inhibitors.
1
 

 A large number of AChE inhibitors have been reported in the literature. Around 100 

molecules faced clinical trials in the last two decades, but out of all of them, only four were 

successful to reach the market for clinical use.
2
 Till date, various multifunctional 

cholinesterase inhibitors, based on the structures of marketed AChEIs, have been reported 

either by modifying the core scaffold of these AChEIs or using their active pharmacophores. 

Some of these most potential multifunctional ChEIs have been discussed in the following 

sections.   

2.1 Tacrine-based multifunctional cholinesterase inhibitors 

 9-Amino-1,2,3,4-tetrahydroacridine (THA) i.e. tacrine, the most potent cholinesterase 

inhibitor, was the first drug belonging to the class of ChEIs to be used clinically in the year 

1993 for the treatment of AD. Unfortunately, it was found that tacrine increased the levels of 

serum alanine aminotrasferase indicating its hepatotoxicity which subsequently led to its 

withdrawl from the market in the year 2013. In spite of its limited clinical application, tacrine 

fascinated scientific fraternity to use it as a lead molecule and since then it has widely been 

utilised to design and develop novel MTDLs.
3
      

 Pang et al. synthesized some tacrine homodimers (1a-1c) by linking two tacrine 

molecules with 7 to 10 methylene units. Surprisingly, these tacrine dimers (1a-1c) were 

found to be 1000 folds more potent than tacrine. Undoubtedly, this work paved the way for 

further development of the MTDL approach to design novel therapeutics for the treatment of 

AD.
4
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 Bajda et al. described synthesis and ChE inhibitory activity of some novel tacrine 

derivatives. All of these newly synthesized hybrids showed potent eeAChE and eqBuChE 

inhibition with IC50 values varying from sub-nanomolar to nanomolar. Among the series, 

compound (2a) was found to be the most potent hAChE inhibitor with an IC50 value of 19 

nM while compound (2b) exhibited the highest 80.6 and 91.3% inhibition of AChE-induced 

Aβ-aggregation at 50 and 100 µM concentrations.
5
 

 Chen et al. reported synthesis and ChE inhibitory activity of some tacrine-cinnamic 

acid hybrids (3a-3l) wherein the tacrine was clubbed with substituted cinnamic acids using 

methylene spacers. All of the synthesized compounds showed promising cholinesterase 

inhibitory activity. Compounds (3a-3l) exhibited potent inhibition of AChE and BuChE in 

vitro.
6, 7
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3f     6     4-Cl-3-NO2                   6.2               11.1
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b
AChE from electric eel, 

c
BuChE from horse serum, 

d
AChE and BuChE from human. 

 Liu et al.
8 

prepared a series of tacrine-curcumin hybrid analogs as multifunctional 

cholinesterase inhibitors. Among the series, compound (4) exhibited the most potent activity 
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with IC50 values of 0.08 µM for AChE and 0.22 µM for BuChE compared to the standard 

tacrine (AChE, IC50= 0.10 µM and BuChE, IC50= 0.05 µM). In another report, Zha et al. 

described the synthesis and evaluation of ChE inhibitory activity of some novel tacrine-

benzofuran hybrid compounds. All the synthesized compounds showed promising activity 

with an IC50 value in submicromolar range except for compound (5). Compound (5) inhibited 

hAChE (IC50 = 0.86 nM) and hBuChE (IC50 = 2.18 nM) which was found to be the most 

potent in the series compared to the reference tacrine (hAChE, IC50 = 424 nM; hBuChE, IC50 

= 45.8 nM). It also displayed 61.3% inhibition of Aβ-aggregation at 10 µM concentration.
9
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 Elsinghorst et al. reported a hybrid of gallamine and tacrine. Gallamine is known to 

be an allosteric modulator of muscarinic M2 receptors and it also inhibits AChE. Hence the 

authors thought it logical to combine gallamine and tacrine to produce newer effective dimer 

hybrids with improved AChE inhibitory activity. Hybrids (6 and 7) showed the most potent 

inhibition of hAChE compared to reference gallamine and tacrine. Compound (6) inhibited 

hAChE (IC50 = 5.44 nM) and hBuChE (IC50 = 8.55 nM) while compound (7) inhibited 

hAChE (IC50 = 6.75 nM) and hBuChE (IC50 = 16.7 nM) compared to standards tacrine 

(hAChE, IC50 = 926 nM and hBuChE IC50 = 10.2 nM) and gallamine (hAChE, IC50 = 2110 

µM and hBuChE, IC50 = 2390 µM).
10 
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 To exploit the biological potential of scutellarin, Spilovska et al. planned to link the 6-

chlorotacrine (6-Cl-THA) with scutellarin to offer novel 6-Cl-THA-scutellarin hybrids. 

Scutellarin is a flavone having a versatile biological profile varying from free radical 

scavenging, anti-inflammatory, neuroprotective activities and the ability to inhibit 

aggregation of Aβ-peptide. Unfortunately, it has limited clinical application because of its 

weak oral absorption, poor solubility and inability to penetrate BBB. Among the series, 

compounds (8a-8c) exhibited the most potent hAChE inhibition with IC50 values of 1.63, 

1.90 and 5.15 nM, respectively compared to the standard 6-Cl-THA (IC50 value of 20 nM). 

Although, all these hybrid compounds were designed as potential antioxidants but 

unfortunately all of them failed to exhibit anti-oxidant activity.
11
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 Tang et al. reported some novel tacrine-oxoisoaporphine hybrids wherein 1-

azabenzanthrone and tacrine were linked together with methylene spacers containing amines. 

Hybrid (9) showed the most potent AChE inhibitory activity with an IC50 value of 3.4 nM 

compared to tacrine (IC50 value of 104 nM). It also exhibited 79.8% inhibition of self-induced 

and 83.3% inhibition of AChE-induced Aβ aggregation.
12

     

 Several attempts
13-15

 have been reported in the literature wherein either 5,6-

dimethoxy-1-indanone or benzylpiperidine moieties of donepezil were hybridized with 

tacrine or 6-chlorotacrine. Among them all, compound (10) showed excellent inhibition of 

hAChE (IC50 = 0.27 nM), and also inhibited 46.1% of hAChE-induced Aβ aggregation at 100 

µM concentration.
15
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 Rodriguez-Franco et al. designed and synthesized some tacrine-melatonin hybrids 

having potential anti-Alzheimer activity with IC50 values varying from sub-nanomolar to 

picomolar. Compound (11) displayed a marked inhibition of AChE (IC50 value of 0.008 nM) 

in vitro along with significant reduction in the Aβ-induced apoptosis and amyloid burden, and 

noticeable improvement in the cognitive functions in in vivo experiments.
16

   

 A series of tacrine-NO donor hybrids have been reported as potential AChE inhibitors 

by Fang et al.
17 

wherein the NO donating nitrato moiety and tacrine were clubbed together 

via alkylenediamine spacers. Among the reported hybrids, compound (12) showed the most 

promising AChE and BuChE inhibitory activity with IC50 values of 5.6 nM and 9.9 nM, 

respectively whereas compound (13) was the most potent and selective BuChE inhibitor 

(AChE,IC50 = 226 nM and BuChE, IC50 = 7.3 nM). Moreover, compound (12) was also found 

to be safer compared to tacrine in the in vivo hepatotoxicity experiments.      
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 A number of research articles appeared in the literature describing the AChE 

inhibitory activity of some tacrine-ferulic acid hybrids (14 and 15)
18-21

 and tacrine-coumarin 

hybrids (16-18).
22-25

 These hybrids were found to possess antioxidant and neuroprotective 

properties also.
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 Levetiracetam, an anti-epileptic drug was linked to tacrine to offer novel 

levetiracetam-tacrine hybrids (19) as AChE inhibitors.
26 

In another report
27

, synthesis of 

tacrine-trimethoxyflavone hybrid (20) was described having potential AChE inhibitory and 

anti-oxidant activities along with the ability to inhibit self-induced Aβ-aggregation. A tacrine-

quinone hybrid (21) comprising of a tacrine molecule and a 5-hydroxy-1,4-naphthoquinone 

has also been reported with prominent AChE and self-induced Aβ-aggregation inhibitory 

activities.      
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 Di Petro et al. designed and synthesized novel 1,2,3,4-tetrahydrobenzo[h][1,6] 

naphthyridine-6-chlorotacrine hybrid (22) as multifunctional AChE inhibitor. Compound (22) 

exhibited the most potent and selective AChE inhibitory activity with IC50 values of 0.006 

nM for hAChE and 120 nM for hBuChE along with 52.5% inhibition of Aβ-aggregation and 

40.7% inhibition of tau protein aggregation both at 10 µM concentration.
101

 Hui et al. 

synthesized tacrine-phenothiazine hybrid (23) and evaluated it for rAChE and tau 

phosphorylation inhibitory activities. Compound (23) inhibited rAChE with an IC50 value of 

89 nM and tau phosphorylation (39.5%).
28
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 Tacrine dimer (24) was reported by Minarini et al. wherein two tacrine molecules 

were linked through cystamine. Interestingly, this hybrid (24) showed excellent inhibition of 

hAChE (IC50 = 5.04 nM) and hBuChE (IC50 = 5.66 nM). It also inhibited self-induced 

(52.6%) and AChE-induced (24.2%) Aβ-aggregation effectively.
29
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2.2 Donepezil-based multifunctional cholinesterase inhibitors 

 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.
30

 

 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 (25), an antioxidant. Among the series, 

compound (26) 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%).
31
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 In another report, Huang et al. disclosed a series of some indanone derivatives as anti-

AD agents wherein compounds (27 and 28) were observed to inhibit eeAChE with IC50 

values of 14.8 nM and 18.6 nM, respectively. Both of these compounds (27 and 28) also 

showed 85.5% and 83.8% inhibition of self-induced Aβ1-42 aggregation, respectively.
32

 

O

H3CO

O
N

N

CH3

CH3

  O

H3CO

O
N

N

H3C CH3

CH3

 

          (27)                                  (28)  

 A series of substituted carboxamide analogs of donepezil have been reported by 

Yerdelen et al. as anti-Alzheimer Agents. Compound (29) 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.
33 
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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 (30) showed inhibition of both hAChE with an IC50 value of 32 nM and eeAChE 

with an IC50 value of 43 nM.
 
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 (31) 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.
34 
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 Mishra et al. designed and synthesized some substituted benzylidene derivatives of 

donepezil as MTDLs for AD therapy. Amongst the series, compounds (32-34) showed 

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

nM, respectively. Additionally, the most active compound (34) displayed prominent (81%) 

inhibition of self-induced Aβ1-42 aggregation.
35
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 Rochais et al. reported some donecopride analogs as MTDLs for the treatment of AD. 

All the compounds of the series showed promising ChE inhibitory activity with IC50 values in 

nanomolar range. Compound (35) displayed the most potent and selective AChE inhibition in 

the series with an IC50 value of 8.5 nM which was equipotent to the reference donepezil (IC50 

value of 6 nM).
36 
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 An attempt has been made by Costanzo et al. to offer rigidity to the donepezil 

structure by substituting the stereocenter present between the indanone and benzylpiperidine 

moieties with the double bond. Actually it was assumed that rigidity in the structures of these 

newly designed donepezil analogs would lead to improved dual inhibitory activity on AChE 

and BACE1. Out of fifteen reported compounds, two compounds (36 and 37) showed the 
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most potent and highly selective AChE inhbiton with IC50 values of 58 and 43 nM 

respectively along with the effective BACE1 inhibitory activity.
37
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 A series of novel donepezil-coumarin hybrids have been reported by Kong et al. 

wherein the N-benzylpiperidine moiety of the donepezil was linked with coumarin. Among 

the series, hybrid (38) possessed the most potent AChE inhibitory activity with an IC50 value 

of 67 nM for hAChE and 3.45 µM for hBuChE.
38

 Similar type of hybrids involving coumarin 

and donepezil have also been reported by Asadipour et al. as potent AChE inhibitors. Among 

all of the synthesized hybrids, compound (39) was found to be the most potent  and highly 

selective eeAChE inhibitor with an IC50 value of 0.3 nM which was 46-times more potent 

than the standard donepezil (eeAChE, IC50 = 14 nM).
39

 In another report, Dias et al. 

synthesized some donepezil-feruloyl hybrids as MTDLs for the treatment of AD. Compound 

(40) showed the most potent and selective eeAChE inhibotry activity with an IC50 value of 

0.46 µM.
40
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 Samadi et al. reported synthesis and AChE inhibitory activity of some pyridonepezil 

analogs i.e. pyridine-donepezil hybrids. All the synthesized compounds exhibited good to 

moderate potential to inhibit AChE but compounds (41a-41c) were outstanding as they 
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inhibited hAChE selectively with IC50 values of 31, 54 and 13 nM, respectively. Particularly, 

compound (41c) was highly selective hAChE inhibitor, equipotent to the standard donepezil 

(hAChE, IC50=10 nM).
41
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 Benchekroun et al. disclosed a novel series of some donepezil-ferulic acid hybrids 

(DFAH) as potential anti-Alzheimer agents. Interestingly, most of the synthesized DFAHs 

exhibited prominent AChE inhibitory activity with IC50 values in nanomolar range along with 

potent antioxidant activity. Among the series, compounds (42a; IC50 = 29.3 nM and 42b; IC50 

= 75 nM) having propylene spacer were the most potent and selective AChE inhibitors 

whereas compound (42c) having ethylene spacer was the most potent and selective BuChE 

inhibitor (AChE: inactive; BuChE, IC50 = 10.39 nM). From the biological screening results, it 

was concluded that increasing the length of the spacer improved selectivity of DFAHs for 

AChE.
42

  

 Chierrito et al. hybridized donepezil with quinoline to offer novel quinolinyl 

donepezil hybrid compounds as AChE inhibitors. Unfortunately, among the series, only one 

compound (43) exhibited potent inhibition of hAChE and hBuChE with IC50 values of 14 nM 

and 3.69 µM respectively.
43

 In their next report, the authors described the synthesis of some 

novel indolylppiperidines and the evaluation for ChE inhibitory activity. All the reported 

compounds showed potent and selective BuChE inhibitory activity. Compounds (44a-44d) 

were found to be the most potent BuChE inhibitors with IC50 values of 0.87, 0.25, 0.68 and 

0.89 nM respectively.
44
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 Based on their previous research work
45

, Shidore et al. designed and synthesized 

some novel benzylpiperidine-linked vicinal diarylthiazole derivatives as promising AChE 

inhibitors. Compound (45) displayed potent AChE inhibition with IC50 value of 0.30 µM for 

hAChE and it also demonstrated good in vivo protection of neuronal cells.
46
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2.3 Rivastigmine-based multifunctional cholinesterase inhibitors 

 Rivastigmine is another drug belonging to the class of AChE inhibitors approved in 

the year 2000 for clinical use for the treatment of AD. It is a pseudo-irreversible ChEI with 

lower selectivity towards AChE compared to donepezil but it inhibits BuChE as well. 

Initially rivastigmine was formulated in the capsular form but unfortunately it was associated 

with adverse effects including nausea, diarrhoea, anorexia, and vomiting. To reduce such GI 

side effects, rivastigmine was then reformulated in the year 2007 in the form of transdermal 

patch. Rivastigmine is used to treat mild to moderate AD and dementia in Parkinson’s disease 

also. A number of rivastigmine-based cholinesterase inhibitors having the active 

pharmacophore i.e. carbamate group of rivastigmine, have been reported in the literature.
47, 48

 

 A novel hybrid molecule, ladostigil (46) was synthesized by introducing the 

carbamate group of rivastigmine at the C6-position of the rasagiline, a selective MAO-B 

inhibitor. Ladostigil (46) showed potent MAO inhibitory activity along with 100-fold more 

selectivity for rBuChE over rAChE. Overall, this new rivastigmine-rasagiline hybrid (46) 

was found to be a useful therapeutic having effective ChE and MAO inhibitory potential for 

the treatment of AD.
49
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 In another report
50

, Sterling et al. designed and synthesized some novel N-

propargylaminoindans and N-propargylphenethylamines substituted with carbamoyl group. In 

fact, these derivatives were prepared as rivastigmine-rasagiline/selegiline hybrids (47-49) 

possessing potent ChE and MAO inhibitory activity. Interestingly, all these hybrids (47-49) 

exhibited potent AChE inhibition with IC50 values of 43.9, 52.4 and 3.06 nM respectively.  
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 To target other neurotransmitter systems like SERT along with ChE, Kongen et al. 

developed some novel rivastigmine-fluoxetine hybrid compounds by incorporating carbamate 

moiety of rivastigmine on the phenyl ring of fluoxetine. Among the series, compounds (50 

and 51) were found to exhibit the most potent AChE and SERT inhibitory activities.
51, 52
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 Several new rivastigmine hybrids such as rivastigmine-curcumin (52)
53

/scutellarin 

(53)
54

/chalcone (54)
55

 have been described having good to moderate ChE inhibitory activity. 
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(52)                                                     (53)                                                               (54)
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2.4 Miscellaneous cholinesterase inhibitors 

 Numerous heterocyclic and fused heterocyclic compounds have also been reported in 

the literature having potential cholinesterase inhibitory activity. Zhang et al.
56

 reported some 

chalcone Mannich base analogs as MTDLs possessing potential AChE inhibitory activity. 

Among the series, compound (55) showed the most potent AChE inhibition with an IC50 

value of 70 nM while compound (56) with moderate eeAChE inhibition (IC50 value of 0.44 

µM) exhibited 55% inhibition of self-induced Aβ-aggregation at 25 µM along with moderate 

chelating and antioxidant properties. 

O

H3CO

H3CO

OH

N CH3

CH3

(55)                                                                                             (56)

O

H3CO

HO

OH

N CH3

CH3

NH3C

H3C

    

 Shehzadi et al.
57

 developed some novel thiazolidin-2-imines as potent AChE 

inhibitors. The authors reported one-pot four-component strategy to synthesize the final 

compounds and evaluated them for AChE inhibitory activity. Compounds (57a-57d) were 

found to be the most potent AChE inhibitors in the series. 

S N

R1R3

R4

R2

57a     Ph        Ph           Ph               Ph           9.9

57b    t-Bu     n-Pr    3-CH3-Ph         Ph           7.5

57c    t-Bu     n-Pr         Ph          3-CH3-Ph     2.3

57d    t-Bu     n-Pr         Ph            2-Naph       2.9

R1          R2               R3                    R4

AChE 

IC50 (nM)

(57)  

 Deoxyvasicinone (58), an alkaloid from natural sources, is a quinazoline-pyrrolidine 

containing fused-heterocyclic compound. Du et al.
 

reported some deoxyvasicinone 

derivatives, among which compound (59) was found to be the most potent multifunctional 
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AChE inhibitor. It inhibited hAChE, BACE1 and Aβ1-42 effectively with IC50 values of 3.29 

nM, 0.129 µM and 9.26 µM respectively.
58

 A number of research articles appeared in the 

literature describing potent AChE inhibitory activity of deoxyvasicinone derivatives (60-62). 

59-61  

N

N

O

Deoxyvasicinone (58)  

N

N

O

(59)                                                                                   (60)

                                                                             hAChE, IC50 = 7.6 nM
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O
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N

N

             (61)                                                                                   (62)

hAChE, IC50 = 33.9 nM                                                  eeAChE, IC50 = 23 nM

ON N

N

O

Cl

N
H

O

N

O

 

     A number of fused heterocyclic compounds (63-66) have been reported to possess 

potent inhibitory activity against AChE. Some of these most potent AChE inhibitors have 

been listed here.
62-65

 

OO

CH3

O

HN

N
H

O
Br

(63)

eeAChE, IC50 = 3 nM

N

N

N

O

NH2

O

F

(64)

eeAChE, IC50 = 23 nM
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O

ON
N

CH3

( )
5

(65)

hAChE, IC50 = 52 nM
          

(66)

eeAChE, IC50 = 4.1 nM

O

N

CH3

H3C

Br

 

 Some 4-chromone derivatives (67 and 68) reported by Singh et al.
66

 and coumarin 

derivative (69) reported by Montanari et al.
67

 exhibited potent and selective AChE inhibition.   

OON

(69)

hAChE, IC50 = 12.9 nM

O

N

CH3

( )
4

H3C

H3C

O

O (68)

IC50 (nM)

rAChE

68a    H      NO2     H           8.2

69b   OH    H        F            8.0

R2

R1

R3

R1       R2        R3

O

O

O

OCH3

(67)

N CH3

N

OH

IC50 (nM)

rAChE

6.33

7.56

R

R =

67a

67b

 

 Pyrimidine is a bioactive molecule present in various natural biologically important 

compounds such as nucleotides and alloxan. It has also been considered as one of the most 

important components or building blocks to synthesize numerous biologically active 

synthetic medicinal compounds or derivatives like barbiturates, zidovudine and trimethoprim, 

to name a few.
68

 

 Kumar et al. reported some pyrimidine-based heterocyclic compounds having dual 

AChE and MAO inhibitory activities. Compound (70) showed the most potent AChE 

inhibition with an IC50 value of 9.54 nM.
69
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N N

CH3

O
CH

O
N

O

(70)  

 Researchers from East China University of Science and Technology, China have been 

actively involved in the search of new potential pyrimidine derivatives for the treatment of 

AD.
70-72

 In the year 2016, the authors’ reported a novel series of pyrimidinylthiourea 

derivatives as multifunctional anti-Alzheimer agents. Among the series, compounds (71a and 

71b) showed good inhibition of AChE with IC50 values of 0.204 µM and 67 nM respectively, 

and a selectivity of >196 and >597 respectively for AChE over BuChE. Moreover, these 

compounds also exhibited metal chelating and antioxidant properties, and inhibited metal-

induced Aβ-aggregation effectively.
70

 

N N

N
H
N

S

H
NH3C

N

R

(71)                                                            (72)

R =

N

N

CH3

CH3

71a

71b

N N

N
H
N

S

H
NH3C

N

N

CH3

CH

 

 In the next report, the authors disclosed AChE and MAO inhibitory activity of 

imidazole substituted pyrimidinylthiourea derivatives. With an aim to integrate the MAO 

inhibitory potential to the final compounds, propargyl amine component of selegiline, a 

selective MAO-B inhibitor, was incorporated into the structure of the previously reported 

pyrimidinylthiourea derivatives (71). Interestingly, compound (72) showed potent and 

selective inhibition of AChE (IC50 value of 0.324 µM, SI > 123 vs BuChE) and MAO-B (IC50 

value of 1.427 µM, SI > 35 vs MAO-A).
71

  

 Further to improve AChE/MAO-B inhibitory activities and blood-brain barrier (BBB) 

permeability of the previously disclosed compound (72), the authors planned to increase the 

lipophilicity of the compounds by introducing benzene ring to imidazole. Interestingly, 

compound (73) was found to be the most potent AChE (IC50 = 32 nM) and MAO-B (IC50 

value of 2.117 µM) inhibitor along with enhanced BBB permeability.
72
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(73)
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 Our research group at The Maharaja Sayajirao University of Baroda reported vicinal 

diaryltriazines as potent MTDLs for AD. Compounds (74 and 75) showed good AChE 

inhibitory activity and prevented Aβ aggregation.
45
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        74                    75 

 Yazdani et al. demonstrated BACE1 inhibitory potential of some novel vicinal diaryl-

substituted triazine derivatives for the treatment of AD. Amongst all the reported derivatives, 

compounds (76a and 76b) exhibited prominent BACE1 inhibitory activity with IC50 values of 

8.55 and 11.42 µM. Moreover, compound (76b) also displayed metal chelating and good 

antioxidant properties in addition to moderate neuroprotection against Aβ peptide toxicity.
73

 

N

N
N

N
H

N

O

N N

N

R

(76)

R =

Cl

NO2

76a

76b

 

 

 

 

 

 

 

 

 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 38 

2.5 References 

1. Oset-Gasque, M. J.; Marco-Contelles J. Alzheimer’s disease, the “one-molecule, one-

target” paradigm, and the multitarget directed ligand approach. ACS Chem. Neurosci. 

2018, 9, 401−403. 

2. Mishra, P.; Kumar, A.; Panda, G. Anti-cholinesterase hybrids as multi-target-directed 

ligands against Alzheimer’s disease (1998-2018). Bioorg. Med. Chem. 2019, 27, 895-930. 

3. Romero, A.; Cacabelos, R.; Oset-Gasque, M. J.; Samadi, A.; Marco-Contelles, J. Novel 

tacrine-related drugs as potential candidates for the treatment of Alzheimer’s disease. 

Bioorg. Med. Chem. Lett. 2013, 23, 1916-1922. 

4. Pang, Y. P.; Quiram, P.; Jelacic, T.; Hong, F.; Brimijoin, S. Highly potent, selective, and 

low cost bis-tetrahydroaminacrine inhibitors of acetylcholinesterase steps toward novel 

drugs for treating Alzheimer's disease. J. Biol. Chem. 1996, 271, 23646-23649. 

5. Bajda, M.; Jonczyk, J.; Malawska, B.; Czarnecka, K.; Girek, M.; Olszewska, P.; Sikora, 

J.; Mikiciuk-Olasik, E.; Skibinski, R.; Gumieniczek, A.; Szymanski, P. Synthesis, 

biological evaluation and molecular modeling of new tetrahydroacridine derivatives as 

potential multifunctional agents for the treatment of Alzheimer’s disease. Bioorg. Med. 

Chem. 2015, 23, 5610-5618. 

6. Chen, Y.; Zhu, J.; Mo, J.; Yang, H.; Jiang, X.; Lin, H.; Gu, K.; Pei, Y.; Wu, L.; Tan, R.; 

Hou, J. Synthesis and bioevaluation of new tacrine-cinnamic acid hybrids as 

cholinesterase inhibitors against Alzheimer’s disease. J. Enzyme Inhib. Med. Chem. 2018, 

33, 290-302. 

7. Chen, Y.; Lin, H.; Zhu, J.; Gu, K.; Li, Q.; He, S.; Lu, X.; Tan, R.; Pei, Y.; Wu, L.; Bian, 

Y. Design, synthesis, in vitro and in vivo evaluation of tacrine–cinnamic acid hybrids as 

multi-target acetyl-and butyrylcholinesterase inhibitors against Alzheimer's disease. RSC 

Adv. 2017, 7, 33851-33867. 

8. Liu, Z.; Fang, L.; Zhang, H.; Gou, S.; Chen, L. Design, synthesis and biological 

evaluation of multifunctional tacrine-curcumin hybrids as new cholinesterase inhibitors 

with metal ions-chelating and neuroprotective property. Bioorg. Med. Chem. 2017, 25, 

2387-2398. 

9. Zha, X.; Lamba, D.; Zhang, L.; Lou, Y.; Xu, C.; Kang, D.; Chen, L.; Xu, Y.; Zhang, L.; 

De Simone, A.; Samez, S. Novel tacrine–benzofuran hybrids as potent multitarget-



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 39 

directed ligands for the treatment of Alzheimer’s disease: design, synthesis, biological 

evaluation, and X-ray crystallography. J. Med. Chem. 2016, 59, 114-131. 

10. Elsinghorst, P. W.; Cieslik, J. S.; Mohr, K.; Trankle, C.; Gutschow, M. First gallamine− 

tacrine hybrid: design and characterization at cholinesterases and the M2 muscarinic 

receptor. J. Med. Chem. 2007, 50, 5685-5695. 

11. Spilovska, K.; Korabecny, J.; Sepsova, V.; Jun, D.; Hrabinova, M.; Jost, P.; Muckova, L.; 

Soukup, O.; Janockova, J.; Kucera, T.; Dolezal, R. Novel tacrine-scutellarin hybrids as 

multipotent anti-Alzheimer’s agents: Design, synthesis and biological evaluation. 

Molecules 2017, 22, 1006. 

12. Tang, H.; Zhao, L. Z.; Zhao, H. T.; Huang, S. L.; Zhong, S. M.; Qin, J. K.; Chen, Z. F.; 

Huang, Z. S.; Liang, H. Hybrids of oxoisoaporphine-tacrine congeners: novel 

acetylcholinesterase and acetylcholinesterase-induced β-amyloid aggregation inhibitors. 

Eur. J. Med. Chem. 2011, 46, 4970-4979. 

13. Shao, D.; Zou, C.; Luo, C.; Tang, X.; Li, Y. Synthesis and evaluation of tacrine–E2020 

hybrids as acetylcholinesterase inhibitors for the treatment of Alzheimer’s disease. 

Bioorg. Med. Chem. Lett. 2004, 14, 4639-4642. 

14. Alonso, D.; Dorronsoro, I.; Rubio, L.; Munoz, P.; Garcia-Palomero, E.; Del Monte, M.; 

Bidon-Chanal, A.; Orozco, M.; Luque, F.J.; Castro, A.; Medina, M. Donepezil–tacrine 

hybrid related derivatives as new dual binding site inhibitors of AChE. Bioorg. Med. 

Chem. 2005, 13, 6588-6597. 

15. Camps, P.; Formosa, X.; Galdeano, C.; Gomez, T.; Munoz-Torrero, D.; Scarpellini, M.; 

Viayna, E.; Badia, A.; Clos, M.V.; Camins, A.; Pallaas, M. Novel donepezil-based 

inhibitors of acetyl-and butyrylcholinesterase and acetylcholinesterase-induced β-amyloid 

aggregation. J. Med. Chem. 2008, 51, 3588-3598. 

16. Rodriguez-Franco, M. I.; Fernandez-Bachiller, M. I.; Perez, C.; Hernández-Ledesma, B.; 

Bartolome, B. Novel tacrine− melatonin hybrids as dual-acting drugs for Alzheimer 

disease, with improved acetylcholinesterase inhibitory and antioxidant properties. J. Med. 

Chem. 2006, 49, 459-462. 

17. Fang, L.; Appenroth, D.; Decker, M.; Kiehntopf, M.; Roegler, C.; Deufel, T.; Fleck, C.; 

Peng, S.; Zhang, Y.; Lehmann, J. Synthesis and biological evaluation of NO-donor-



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 40 

tacrine hybrids as hepatoprotective anti-Alzheimer drug candidates. J. Med. Chem. 2008, 

51, 713-716. 

18. Fang, L.; Kraus, B.; Lehmann, J.; Heilmann, J.; Zhang, Y.; Decker, M. Design and 

synthesis of tacrine–ferulic acid hybrids as multi-potent anti-Alzheimer drug candidates. 

Bioorg. Med. Chem. Lett. 2008, 18, 2905-2909. 

19. Zhang, H.; Mak, S.; Cui, W.; Li, W.; Han, R.; Hu, S.; Ye, M.; Pi, R.; Han, Y. Tacrine 

(2)–ferulic acid, a novel multifunctional dimer, attenuates 6-hydroxydopamine-induced 

apoptosis in PC12 cells by activating Akt pathway. Neurochem. Int. 2011, 59, 981-988. 

20. Pi, R.; Mao, X. Chao, X.; Cheng, Z.; Liu, M.; Duan, X.; Ye, M.; Chen, X.; Mei, Z.; Liu, 

P.; Li, W. Tacrine-6-ferulic acid, a novel multifunctional dimer, inhibits amyloid-β-

mediated Alzheimer's disease-associated pathogenesis in vitro and in vivo. PloS one, 

2012, 7, e31291. 

21. Benchekroun, M.; Bartolini, M.; Egea, J.; Romero, A.; Soriano, E.; Pudlo, M.; Luzet, V.; 

Andrisano, V.; Jimeno, M. L.; Lopez, M. G.; Wehle, S. Novel Tacrine‐Grafted Ugi 

Adducts as Multipotent Anti‐Alzheimer Drugs: A Synthetic Renewal in Tacrine–Ferulic 

Acid Hybrids. ChemMedChem 2015, 10, 523-539. 

22. Xie, S. S.; Wang, X. B.; Li, J. Y.; Yang, L.; Kong, L. Y. Design, synthesis and evaluation 

of novel tacrine–coumarin hybrids as multifunctional cholinesterase inhibitors against 

Alzheimer's disease. Eur. J. Med. Chem. 2013, 64, 540-553. 

23. Hamulakova, S.; Janovec, L.; Hrabinova, M.; Spilovska, K.; Korabecny, J.; Kristian, P.; 

Kuca, K.; Imrich, J. Synthesis and biological evaluation of novel tacrine derivatives and 

tacrine–coumarin hybrids as cholinesterase inhibitors. J. Med. Chem. 2014, 57, 7073-

7084. 

24. Sun, Q.; Peng, D. Y.; Yang, S. G.; Zhu, X. L.; Yang, W. C.; Yang, G. F. Syntheses of 

coumarin–tacrine hybrids as dual-site acetylcholinesterase inhibitors and their activity 

against butyrylcholinesterase, Aβ aggregation, and β-secretase. Bioorg. Med. Chem. 2014, 

22, 4784-4791. 

25. Xie, S. S.; Wang, X.; Jiang, N.; Yu, W.; Wang, K. D.; Lan, J. S.; Li, Z. R.; Kong, L. Y. 

Multi-target tacrine-coumarin hybrids: cholinesterase and monoamine oxidase B 

inhibition properties against Alzheimer's disease. Eur. J. Med. Chem. 2015, 95, 153-165. 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 41 

26. Sola, I.; Aso, E.; Frattini, D.; Lopez-Gonzalez, I.; Espargaro, A.; Sabatee, R.; Di Pietro, 

O.; Luque, F. J.; Clos, M. V.; Ferrer, I.; Munoz-Torrero, D. Novel levetiracetam 

derivatives that are effective against the Alzheimer-like phenotype in mice: synthesis, in 

vitro, ex vivo, and in vivo efficacy studies. J. Med. Chem. 2015, 58, 6018-6032. 

27. Liao, S.; Deng, H.; Huang, S.; Yang, J.; Wang, S.; Yin, B.; Zheng, T.; Zhang, D.; Liu, J.; 

Gao, G.; Ma, J. Design, synthesis and evaluation of novel 5, 6, 7-trimethoxyflavone–6-

chlorotacrine hybrids as potential multifunctional agents for the treatment of Alzheimer’s 

disease. Bioorg. Med. Chem. Lett. 2015, 25, 1541-1545. 

28. Hui, A. L.; Chen, Y.; Zhu, S. J.; Gan, C. S.; Pan, J.; Zhou, A. Design and synthesis of 

tacrine-phenothiazine hybrids as multitarget drugs for Alzheimer’s disease. Med. Chem. 

Res. 2014, 23, 3546-3557. 

29. Minarini, A.; Milelli, A.; Tumiatti, V.; Rosini, M.; Simoni, E.; Bolognesi, M. L.; 

Andrisano, V.; Bartolini, M.; Motori, E.; Angeloni, C.; Hrelia, S. Cystamine-tacrine 

dimer: a new multi-target-directed ligand as potential therapeutic agent for Alzheimer’s 

disease treatment. Neuropharmacology 2012, 62, 997-1003. 

30. Li, Q.; He, S.; Chen, Y.; Feng, F.; Qu, W.; Sun, H. Donepezil-based multi-functional 

cholinesterase inhibitors for treatment of Alzheimer's disease. Eur. J. Med. Chem. 2018, 

158, 463-477.  

31. Luo, Z.; Sheng, J.; Sun, Y.; Lu, C.; Yan, J.; Liu, A.; Luo, H. B.; Huang, L.; Li, X. 

Synthesis and evaluation of multi-target-directed ligands against Alzheimer’s disease 

based on the fusion of donepezil and ebselen. J. Med. Chem. 2013, 56, 9089-9099. 

32. Huang, L.; Miao, H.; Sun, Y.; Meng, F.; Li, X. Discovery of indanone derivatives as 

multi-target-directed ligands against Alzheimer's disease. Eur. J. Med. Chem. 2014, 87, 

429-439. 

33. Yerdelen, K. O.; Koca, M.; Anil, B.; Sevindik, H.; Kasap, Z.; Halici, Z.; Turkaydin, K.; 

Gunesacar, G. Synthesis of donepezil-based multifunctional agents for the treatment of 

Alzheimer’s disease. Bioorg. Med. Chem. Lett. 2015, 25, 5576-5582. 

34. Wang, Z. M.; Cai, P.; Liu, Q. H.; Xu, D. Q.; Yang, X. L.; Wu, J. J.; Kong, L. Y.; Wang, 

X. B. Rational modification of donepezil as multifunctional acetylcholinesterase 

inhibitors for the treatment of Alzheimer's disease. Eur. J. Med. Chem. 2016, 123, 282-

297. 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 42 

35. Mishra, C. B.; Kumari, S.; Manral, A.; Prakash, A.; Saini, V.; Lynn, A. M.; Tiwari, M. 

Design, synthesis, in-silico and biological evaluation of novel donepezil derivatives as 

multi-target-directed ligands for the treatment of Alzheimer's disease. Eur. J. Med. Chem. 

2017, 125, 736-750. 

36. Rochais, C.; Lecoutey, C.; Gaven, F.; Giannoni, P.; Hamidouche, K.; Hedou, D.; Dubost, 

E.; Genest, D.; Yahiaoui, S.; Freret, T.; Bouet, V. Novel multitarget-directed ligands 

(MTDLs) with acetylcholinesterase (AChE) inhibitory and serotonergic subtype 4 

receptor (5-HT4R) agonist activities as potential agents against Alzheimer’s disease: the 

design of donecopride. J. Med. Chem. 2015, 58, 3172-3187. 

37. Costanzo, P.; Cariati, L.; Desiderio, D.; Sgammato, R.; Lamberti, A.; Arcone, R.; 

Salerno, R.; Nardi, M.; Masullo, M.; Oliverio, M. Design, synthesis, and evaluation of 

donepezil-like compounds as AChE and BACE-1 inhibitors. ACS Med. Chem. Lett. 2016, 

7, 470-475. 

38. Xie, S. S.; Lan, J. S.; Wang, X.; Wang, Z. M.; Jiang, N.; Li, F.; Wu, J. J.; Wang, J.; Kong, 

L. Y. Design, synthesis and biological evaluation of novel donepezil–coumarin hybrids as 

multi-target agents for the treatment of Alzheimer’s disease. Bioorg. Med. Chem. 2016, 

24, 1528-1539. 

39. Asadipour, A.; Alipour, M.; Jafari, M.; Khoobi, M.; Emami, S.; Nadri, H.; Sakhteman, 

A.; Moradi, A.; Sheibani, V.; Moghadam, F. H.; Shafiee, A. Novel coumarin-3-

carboxamides bearing N-benzylpiperidine moiety as potent acetylcholinesterase 

inhibitors. Eur. J. Med. Chem. 2013, 70, 623-630. 

40. Dias, K. S. T.; de Paula, C. T.; dos Santos, T.; Souza, I. N.; Boni, M. S.; Guimaraes, M. 

J.; da Silva, F. M.; Castro, N. G.; Neves, G. A.; Veloso, C. C.; Coelho, M. M. Design, 

synthesis and evaluation of novel feruloyl-donepezil hybrids as potential multitarget 

drugs for the treatment of Alzheimer's disease. Eur. J. Med. Chem. 2017, 130, 440-457. 

41. Samadi, A.; de la Fuente Revenga, M.; Perez, C.; Iriepa, I.; Moraleda, I.; Rodriguez-

Franco, M. I.; Marco-Contelles, J. Synthesis, pharmacological assessment, and molecular 

modeling of 6-chloro-pyridonepezils: New dual AChE inhibitors as potential drugs for 

the treatment of Alzheimer's disease. Eur. J. Med. Chem. 2013, 67, 64-74. 

42. Benchekroun, M.; Ismaili, L.; Pudlo, M.; Luzet, V.; Gharbi, T.; Refouvelet, B.; Marco-

Contelles, J. Donepezil–ferulic acid hybrids as anti-Alzheimer drugs. Fut. Med. Chem. 

2015, 7, 15-21. 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 43 

43. Chierrito, T. P.; Pedersoli-Mantoani, S.; Roca, C.; Requena, C.; Sebastian-Perez, V.; 

Castillo, W. O.; Moreira, N. C.; Perez, C.; Sakamoto-Hojo, E. T.; Takahashi, C. S.; 

Jimenez-Barbero, J. From dual binding site acetylcholinesterase inhibitors to allosteric 

modulators: A new avenue for disease-modifying drugs in Alzheimer's disease. Eur. J. 

Med. Chem. 2017, 139, 773-791. 

44. Chierrito, T. P.; Pedersoli-Mantoani, S.; Roca, C.; Sebastian-Perez, V.; Martinez-

Gonzalez, L.; Perez, D. I.; Perez, C.; Canales, A.; Canada, F. J.; Campillo, N. E.; 

Carvalho, I. Chameleon-like behavior of indolylpiperidines in complex with 

cholinesterases targets: Potent butyrylcholinesterase inhibitors. Eur. J. Med. Chem. 2018, 

145, 431-444. 

45. Sinha, A.; Tamboli, R. S.; Seth, B.; Kanhed, A. M.; Tiwari, S. K.; Agarwal, S.; Nair, S.; 

Giridhar, R.; Chaturvedi, R. K.; Yadav, M. R. Neuroprotective role of novel triazine 

derivatives by activating Wnt/β catenin signaling pathway in rodent models of 

Alzheimer’s disease. Mol. Neurobiol. 2015, 52, 638-652. 

46. Shidore, M.; Machhi, J.; Shingala, K.; Murumkar, P.; Sharma, M. K.; Agrawal, N.; 

Tripathi, A.; Parikh, Z.; Pillai, P.; Yadav, M. R. Benzylpiperidine-linked diarylthiazoles 

as potential anti-Alzheimer’s agents: synthesis and biological evaluation. J. Med. Chem. 

2016, 59, 5823-5846. 

47. Bajic, V.; Sudar Milovanovic, E.; Spremo-Potparevic, B.; Zivkovic, L.; Milicevic, Z.; 

Stanimirovic, J.; Bogdanovic, N.; R Isenovic, E. Treatment of Alzheimer's disease: 

classical therapeutic approach. Curr. Pharm. Anal. 2016, 12, 82-90. 

48. Mehta, M.; Adem, A.; Sabbagh, M. New acetylcholinesterase inhibitors for Alzheimer’s 

disease. Int. J. Alzheimer’s Dis. 2012, 2012, 728983. 

49. Weinstock, M.; Bejar, C.; Wang, R. H.; Poltyrev, T.; Gross, A.; Finberg, J. P. M.; 

Youdim, M. B. H. TV3326, a novel neuroprotective drug with cholinesterase and 

monoamine oxidase inhibitory activities for the treatment of Alzheimer’s disease. In 

Advances in Research on Neurodegeneration 2000, Springer: Vienna, 157-169. 

50. Sterling, J.; Herzig, Y.; Goren, T.; Finkelstein, N.; Lerner, D.; Goldenberg, W.; 

Miskolczi, I.; Molnar, S.; Rantal, F.; Tamas, T.; Toth, G. Novel dual inhibitors of AChE 

and MAO derived from hydroxy aminoindan and phenethylamine as potential treatment 

for Alzheimer's disease. J. Med. Chem. 2002, 45, 5260-5279. 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 44 

51. Kogen, H.; Toda, N.; Tago, K.; Marumoto, S.; Takami, K.; Ori, M.; Yamada, N.; 

Koyama, K.; Naruto, S.; Abe, K.; Yamazaki, R. Design and synthesis of dual inhibitors of 

acetylcholinesterase and serotonin transporter targeting potential agents for Alzheimer's 

disease. Org. Lett. 2002, 4, 3359-3362. 

52. Toda, N., Tago, K.; Marumoto, S.; Takami, K.; Ori, M.; Yamada, N.; Koyama, K.; 

Naruto, S.; Abe, K.; Yamazaki, R.; Hara, T. A conformational restriction approach to the 

development of dual inhibitors of acetylcholinesterase and serotonin transporter as 

potential agents for Alzheimer's disease. Bioorg. Med. Chem. 2003, 11, 4389-4415. 

53. Li, Y.; Peng, P.; Tang, L.; Hu, Y.; Hu, Y.; Sheng, R. Design, synthesis and evaluation of 

rivastigmine and curcumin hybrids as site-activated multitarget-directed ligands for 

Alzheimer’s disease therapy. Bioorg. Med. Chem. 2014, 22, 4717-4725. 

54. Sang, Z.; Li, Y.; Qiang, X.; Xiao, G.; Liu, Q.; Tan, Z.; Deng, Y. Multifunctional 

scutellarin–rivastigmine hybrids with cholinergic, antioxidant, biometal chelating and 

neuroprotective properties for the treatment of Alzheimer’s disease. Bioorg. Med. Chem. 

2015, 23, 668-680. 

55. Wang, L.; Wang, Y.; Tian, Y.; Shang, J.; Sun, X.; Chen, H.; Wang, H.; Tan, W. Design, 

synthesis, biological evaluation, and molecular modeling studies of chalcone-rivastigmine 

hybrids as cholinesterase inhibitors. Bioorg. Med. Chem. 2017, 25, 360-371. 

56. Zhang, X.; Song, Q.; Cao, Z.; Li, Y.; Tian, C.; Yang, Z.; Zhang, H.; Deng, Y. Design, 

synthesis and evaluation of chalcone Mannich base derivatives as multifunctional agents 

for the potential treatment of Alzheimer’s disease. Bioorg. Chem. 2019, 87, 395-408. 

57. Shehzadi, S. A.; Khan, I.; Saeed, A.; Larik, F. A.; Channar, P. A.; Hassan, M.; Raza, H.; 

Abbas, Q.; Seo, S. Y. One-pot four-component synthesis of thiazolidin-2-imines using 

CuI/ZnII dual catalysis: A new class of acetylcholinesterase inhibitors. Bioorg. Chem. 

2019, 84, 518-528. 

58. Du, H.; Liu, X.; Xie, J.; Ma, F. Novel Deoxyvasicinone–Donepezil Hybrids as Potential 

Multitarget Drug Candidates for Alzheimer’s disease. ACS Chem. Neurosci. 2019, 10, 

2397-2407. 

59. Ma, F.; Du, H. Novel deoxyvasicinone derivatives as potent multitarget-directed ligands 

for the treatment of Alzheimer's disease: Design, synthesis, and biological evaluation. 

Eur. J. Med. Chem. 2017, 140, 118-127. 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 45 

60. Darras, F. H.; Pockes, S.; Huang, G.; Wehle, S.; Strasser, A.; Wittmann, H. J.; Nimczick, 

M.; Sotriffer, C. A.; Decker, M. Synthesis, biological evaluation, and computational 

studies of Tri-and tetracyclic nitrogen-bridgehead compounds as potent dual-acting AChE 

inhibitors and h H3 receptor antagonists. ACS Chem. Neurosci. 2014, 5, 225-242. 

61. Yan, J. W.; Li, Y. P.; Ye, W. J.; Chen, S. B.; Hou, J. Q.; Tan, J. H.; Ou, T. M.; Li, D.; Gu, 

L. Q.; Huang, Z. S. Design, synthesis and evaluation of isaindigotone derivatives as dual 

inhibitors for acetylcholinesterase and amyloid beta aggregation. Bioorg. Med. Chem. 

2012, 20, 2527-2534. 

62. Shaik, J. B.; Palaka, B. K.; Penumala, M.; Kotapati, K. V.; Devineni, S. R.; Eadlapalli, S.; 

Darla, M. M.; Ampasala, D. R.; Vadde, R.; Amooru, G. D. Synthesis, pharmacological 

assessment, molecular modeling and in silico studies of fused tricyclic coumarin 

derivatives as a new family of multifunctional anti-Alzheimer agents. Eur. J. Med. Chem. 

2016, 107, 219-232. 

63. Jalili-Baleh, L.; Nadri, H.; Moradi, A.; Bukhari, S. N. A.; Shakibaie, M.; Jafari, M.; 

Golshani, M.; Moghadam, F. H.; Firoozpour, L.; Asadipour, A.; Emami, S. New racemic 

annulated pyrazolo [1, 2-b] phthalazines as tacrine-like AChE inhibitors with potential 

use in Alzheimer's disease. Eur. J. Med. Chem. 2017, 139, 280-289. 

64. Rampa, A.; Mancini, F.; De Simone, A.; Falchi, F.; Belluti, F.; Di Martino, R. M. C.; 

Gobbi, S.; Andrisano, V.; Tarozzi, A.; Bartolini, M.; Cavalli, A. From AChE to BACE1 

inhibitors: The role of the amine on the indanone scaffold. Bioorg. Med. Chem. Lett. 

2015, 25, 2804-2808. 

65. Baharloo, F.; Moslemin, M. H.; Nadri, H.; Asadipour, A.; Mahdavi, M.; Emami, S.; 

Firoozpour, L.; Mohebat, R.; Shafiee, A.; Foroumadi, A. Benzofuran-derived 

benzylpyridinium bromides as potent acetylcholinesterase inhibitors. Eur. J. Med. Chem. 

2015, 93, 196-201. 

66. Singh, M.; Silakari, O. Design, synthesis and biological evaluation of novel 2-phenyl-1-

benzopyran-4-one derivatives as potential poly-functional anti-Alzheimer's agents. RSC 

Adv. 2016, 6, 108411-108422. 

67. Montanari, S.; Bartolini, M.; Neviani, P.; Belluti, F.; Gobbi, S.; Pruccoli, L.; Tarozzi, A.; 

Falchi, F.; Andrisano, V.; Miszta, P.; Cavalli, A. Multitarget Strategy to Address 



Chapter-2   Literature Review 

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda 46 

Alzheimer's Disease: Design, Synthesis, Biological Evaluation, and Computational 

Studies of Coumarin‐Based Derivatives. ChemMedChem 2016, 11, 1296-1308. 

68. Valasani, K. R.; Chaney, M. O.; Day, V. W.; ShiDu Yan, S. Acetylcholinesterase 

inhibitors: structure based design, synthesis, pharmacophore modeling, and virtual 

screening. J. Chem. Inf. Model. 2013, 53, 2033-2046. 

69. Kumar, B.; Dwivedi, A. R.; Sarkar, B.; Gupta, S. K.; Krishnamurthy, S.; Mantha, A. K.; 

Parkash, J.; Kumar, V. 4, 6-Diphenylpyrimidine derivatives as dual inhibitors of 

monoamine oxidase and acetylcholinesterase for the treatment of Alzheimer’s disease. 

ACS Chem. Neurosci. 2018, 10, 252-265. 

70. Li, X.; Wang, H.; Lu, Z.; Zheng, X.; Ni, W.; Zhu, J.; Fu, Y.; Lian, F.; Zhang, N.; Li, J.; 

Zhang, H. Development of multifunctional pyrimidinylthiourea derivatives as potential 

anti-Alzheimer agents. J. Med. Chem. 2016, 59, 8326-8344. 

71. Xu, Y. X.; Wang, H.; Li, X. K.; Dong, S. N.; Liu, W. W.; Gong, Q.; Tang, Y.; Zhu, J.; Li, 

J.; Zhang, H. Y.; Mao, F. Discovery of novel propargylamine-modified 4-aminoalkyl 

imidazole substituted pyrimidinylthiourea derivatives as multifunctional agents for the 

treatment of Alzheimer's disease. Eur. J. Med. Chem. 2018, 143, 33-47. 

72. Xu, Y.; Zhang, J.; Wang, H.; Mao, F.; Bao, K.; Liu, W.; Zhu, J.; Li, X.; Zhang, H.; Li, J. 

Rational design of novel selective dual-target inhibitors of acetylcholinesterase and 

monoamine oxidase B as potential anti-Alzheimer’s disease agents. ACS Chem. Neurosci. 

2018, 10, 482-496. 

73. Yazdani, M.; Edraki, N.; Badri, R.; Khoshneviszadeh, M.; Iraji, A.; Firuzi, O. Multi-

target inhibitors against Alzheimer disease derived from 3-hydrazinyl 1,2,4-triazine 

scaffold containing pendant phenoxy methyl-1,2,3-triazole: Design, synthesis and 

biological evaluation. Bioorg. Chem. 2019, 84, 363-371. 


