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Abstract: A series of compounds following the lead compounds including deferasirox and tacrine were designed, synthesized 

and evaluated as multifunctional agents against Alzheimer’s disease (AD). In vitro studies showed that most synthesized 

compounds exhibited good multifunctional activities in inhibiting acetylcholinesterase (bAChE), and chelating metal ions. 

Especially, compound TDe demonstrated significant metal chelating property, a moderate acetylcholinesterase (AChE) inhibitory 

activity and an antioxidant activity. Results from the molecular modeling indicated that TD compounds were mixed-type 

inhibitor, binding simultaneously to the catalytic anionic site (CAS) and the peripheral anionic site (PAS) of TcAChE. Moreover, 

TDe showed a low cytotoxicity but a good protective activity against the injury caused by H2O2. These results suggest that TD 

compounds might be considered as attractive multi-target cholinesterase inhibitor and will play important roles in the treatment 

of AD. 
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1. Introduction 

Alzheimer’s disease (AD), first reported in 1906, is rapidly becoming a major threat to 

healthcare in our society. With more than 48 million people are affected by AD, the number is 

estimated to show unprecedented growth and increase to spread 131.5 million by 2050 [1, 2]. AD 

is a neurodegenerative disorder clinically characterized with cognitive impairment, the loss of 

language skills, and ultimately results in complete dependencies and the deaths of the patients 

with AD [3, 4]. Faced with the daunting public health problem of our time, understanding, 

treatment and prevention of AD are urgent. 

Although it has been more than 100 years since AD was first reported, there are many 

unanswered questions [5]. Due to the etiopathogenesis of AD involving many targets and 

signaling pathways, various hypotheses have arisen including acetylcholine hypothesis, amyloid 

deposition hypothesis, oxidative stress hypothesis and metal ion homeostasis imbalance 

hypothesis [6-8]. Currently, the main therapeutic approach in the treatment of patients with AD is 

to enhance the cholinergic activity in the brain. Acetylcholinesterase (AChE) and 

butyrylcholinesterase (BuChE) are involved in cholinergic signaling. Based on cholinergic 
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hypothesis, the decrease in AChE levels results in a series of symptoms such as memory loss and 

cognitive impairment and the clinical restoration of cholinergic function is believed to alleviate 

AD symptoms [9, 10]. Acetylcholinesterase inhibitors can inhibit the activity of 

acetylcholinesterase, thereby regulating the content of acetylcholine in the brain to achieve the 

goal in alleviating AD symptoms [11]. The drugs approved by FDA include one 

N-methyl-D-aspartate (NMDA) receptor antagonist and four acetylcholinesterase inhibitors, 

namely tacrine, donepezil, rivastigmine and galantamine [12, 13]. These agents can compensate 

for the depletion of acetylcholine in the brain, or prevent aberrant neuronal stimulation. 

Nevertheless, these drugs modestly alleviate the symptoms but cannot prevent, halt or reverse the 

progression of AD. 

Abnormal protein folding and aggregation in the brain are another important key contributing 

factor in the pathology of AD, and can cause neuronal damage, synaptic abnormalities and organ 

dysfunction [14, 15]. Converging lines of evidences suggest that Amyloid-β (Aβ) tends to bunch 

up into small clusters and finally into the amyloid plaques, and is an important biomarker in AD. 

Aβ, a peptide containing 39~43 amino acid residues, has two main isoforms, Aβ (1-40) and Aβ 

(1-42). Aβ (1-42) shows stronger neuronal cytotoxicity and tends to aggregate more rapidly than 

Aβ (1-40) [16]. The potential therapy for AD consists of preventing the formation and 

accumulation of Aβ. It has been shown, that abnormally high levels of Cu
+/2+

, Fe
2+/3+

 and/or Zn
2+

 

lead to promote of Aβ peptide formation and generate reactive oxygen species (ROS) in AD 

patients [17]. Therefore, metal chelators have the ability to attenuate amyloid precursor protein 

(APP) expression, Aβ aggregates and neurofibrillary tangle (NFT) formation [18]. Therefore, 

lowering the high concentration of such metal ions in the brain by chelating the metals is an 

approach for the treatment of AD. 

Deferasirox (DEF) (Fig. 1) is a bis-hydroxy-triazole tridentate iron chelator that is strongly 

chelating iron ions, non-toxic, and highly safe [19]. In clinic, deferasirox was used to reduce the 

iron overload caused by blood transfusion [20]. However, there was no effect on reducing iron ion 

content in the brain [21]. Deferasirox smoothly passes through the blood-brain barrier following 

binding to lactoferrin. Accordingly, we have prepared a new type of iron chelator DBP that can 

chelate metal ions only under oxidative stress conditions. In order to mitigate the damaging effects 

of metals while preserving their beneficial properties, DBP can be activated in the presence of 

H2O2, revealing phenolic hydroxyl groups and forming the deferasirox as shown in Fig. 1.  

In view of the multiple pathogeneses of AD, the development of anti-AD drugs is moving 

from traditional single-target drugs to novel drugs aiming at multiple targets simultaneously 

including acetylcholinesterase, metal ions and free radicals which are involved in the progression 

of AD [22]. Tacrine (Fig. 1) is an acting anticholinesterase and was the first cholinesterase 

inhibitor approved by FDA for the treatment of AD [23]. Although tacrine was withdrawn due to 

its hepatotoxicity, its ideal pharmacokinetic properties can tolerate significant structural 

modifications and still maintain the inhibitory activity against AChE. In recent years, tacrine has 

been widely used as a lead for the development of new multifunctional agents, including 

tacrine-deferiprone hybrids designed by Chand Karam, et al [24-26]. In search of new anti-AD 

drugs, we adopted promising drug development approaches based on multi-target directed ligands 

(MTLs) and then reasonably combined tacrine and deferasirox to achieve new compounds TD. 

These hybrids were anticipated to manifest AChE inhibitory activity with metal chelation and 

antioxidant properties [27]. 



  

 

Fig. 1. Design strategy for novel compounds. 

2. Results and discussion 

2.1. Chemistry 

Based on the reported synthetic routes of boric acid ester compounds, we designed a new 

synthetic route for DBP as shown in Scheme 1. DBP was prepared from DEF via the two-step 

process, the triflation of phenols followed by the formation of boronate esters [28].  

The key intermediates 4a–e were synthesized as shown in Scheme 2. Compound 3 were 

reacted with diamines with different lengths in 1-pentanol to afford the intermediates 4a-e [29, 30]. 

Then, DEF and corresponding 4a-e were coupled in the presence of EDCI and HOBt in DCM at 

room temperature to give TDa-e, respectively. Target compounds were confirmed through 
1
H NMR, 

13
C NMR and IR. 

 

Scheme 1. (a) DIPEA, Tf2O, DCM, -20 °C, 3 h, 85%; (b) KOAc, PdCl2(dppf), DMSO, 80 °C, 24 h, 33%. 



  
 

Scheme 2. (a) POCl3, 3 h, 180 °C; (b) H2N(CH2)nNH2 (3-4 equiv), 1-pentanol, 160 °C; (c) EDCI, HOBT, Et3N. 

Table 1. 

Compound inhibition of bAChE activity, antioxidant activity and ClogP value prediction. 

 

Compound n
a
 

IC50
b
 (μM) 

bAChE
c
 

Antioxidant 

activity
d
(%) 

CLogP 

TDa 4 13.5±0.82 32±0.23 6.996 

TDb 5 17.8±0.21 34±0.56 6.909 

TDc 6 15.4±0.27 39±0.42 7.315 

TDd 7 16.1±0.36 49±0.31 7.297 

TDe 8 13.7±0.21 56±0.69 7.265 

Tacrine  14.1±0.33 - - 

DEF  - 23±0.52 3.688 

 

a carbon length. 

b d All values are expressed as mean ± SEM from three independent experiments. 

c bAChE from bovine serum. 

2.2. Metal-chelating properties of DBP 

The chelating effect of DBP under oxidative stress conditions was studied with a UV-vis 

spectrometer and the results are shown in Fig. 2a. The peak in the absorption spectrum of DBP is 

at 304 nm. When FeCl3 was added, the UV-vis absorption spectrum of DBP showed no obvious 

change. Conversely, addition of H2O2 to solution of DBP induces a significant change in spectrum, 



  

which suggests that boronate esters moieties of DBP is replaced with hydroxyl groups converting 

DBP to DEF after the addition of H2O2 [31]. In the presence of H2O2 and 0.5 equiv of FeCl3, the 

spectrum of DBP showed a red shift (304 nm to 315 nm) indicating formation of the 1:2 

[Fe(DEF)2]
3-

 complex [32]. The observations indicated that deferasirox borate ester compound has 

a metal chelating activity, DBP has no affinity for metal ions unless it is under oxidative stress 

condition and DEF serves as a metal chelator. 

 

Fig. 2. The UV-vis spectra of compounds in methanol; (a) DBP (50 μM) alone or in the presence of FeCl3 (0.5 

equiv), 1.5 mM H2O2 and FeCl3+ H2O2. (b) DEF (50 μM) alone or in the presence of FeCl3 (0.5 equiv) and CuCl2 

(1 equiv), (c) TAC (40 μM) alone or in the presence of FeCl3 (0.5 equiv) and CuCl2 (1 equiv), (d) TDe (30 μM ) 

alone or in the presence of FeCl3 (0.5 equiv) and CuCl2 (1 equiv).  

2.3. Pharmacological activity of TD compounds 

2.3.1. Cholinesterase inhibitory activity 

The inhibitory activities of hybrid TD compounds against AChE from bovine serum (bAChE)  

were determined by the ELISA method [33]. Bovine serum AChE shows a high degree of 

homology with the corresponding human enzymes and it has more availability from commercial 

sources, making it a reasonable alternative [34]. For comparison purpose, tacrine was used as a 

reference compound. The IC50 values of all test compounds were summarized in Table 1. As 

shown in Table 1, all new target compounds displayed inhibitory activities against bAChE with 

micromolar IC50 values, which were virtually the same inhibitory activities as that of tacrine. The 

introduction of the DEF scaffold to tacrine with linkers with various lengths did not alter the 

potency of tacrine. Among the target compounds, TDa (IC50 = 13.5 μM) and TDe (IC50 = 13.7 μM) 

showed the slightly better potent inhibitory activity for bAChE. 



  

 

Fig. 3. Docking models of the TDa in Torpedo californica AChE (PDB code: 2CMF). The dashed lines 

represent the interactions between the AChE and the ligand: (a) 3D docking image of compound TDa with AChE, 

(b) interactions between the binding sites of compounds TDa and AChE, (c) docking compound TDa in the surface 

model of AChE. 

2.3.2. Molecular modeling study 

To further study the possible binding modes of TD derivatives in AChE, a molecular docking 

study with Torpedo californica variant of AChE (TcAChE) (PDB ID: 2CMF) was performed using 

Glide [35]. As shown in Fig. 3, the tacrine moiety of TDa occupies the catalytic active site (CAS) 

a
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c



  

of TcAChE, forming π-π stacking interactions with Phe 330 and Trp 84. The N atom of quinoline 

ring also forms a water-mediated H-bond with His 440. The long alkyl linker is located in the 

mid-gorge region of TcAChE and has no interactions with the amino acid residues. The 

deferasirox moiety of TDa occupies the peripheral anionic site (PAS) of TcAChE, via a π-π 

interaction with Trp 279 and the hydroxyl via H-bonding interactions with Trp 279 and Tyr 334. 

The docking results indicate that new TD compounds could simultaneously bind to the CAS and 

PAS of TcAChE, demonstrating the rationale of our design. The new tacrine hybrids inhibitory 

activities for TcAChE were no significantly improvement, as compared with tacrine, which might 

be due to their chain length and steric hindrance, similarly to previous report for the same linker in 

other tacrine hybrids [36]. 

2.3.3. Cytotoxicity and effect on H2O2-induced oxidative cell damage in PC12  

To examine the cytotoxicity of TD compounds, cell viability was assayed using the rat 

pheochromocytoma cell line PC12 [37, 38], and tested using the 3-(4,5- dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium (MTT) assays [39]. PC12 cells were treated with TDa, TDb, TDc, TDd and 

TDe at three different concentrations (3, 5 and 10 μM) for 24 h. H2O2 (150 μM) was used to 

induce oxidative damage, and DEF and tacrine were included as reference compounds. As shown 

in Fig. 4, the treatment of P12 cells with compound DEF did not show any change in the cell 

viability compared to the control treated with only H2O2. Tacrine was potent in protecting cell 

damage manifesting the cell viability of 92.6% at 10 μM, but it did not exert the cell protective 

activity against the injury caused by H2O2. At 10 μM concentration, TDa or TDb manifested a 

decrease of cell viability (21.4% and 29.4%, respectively). The viability of cells treated with TDa 

or TDb further decreased to 9.1% and 21.4%, respectively, when H2O2 was added. Compound TDe 

exhibited a good protective activity for PC12 cells damaged by oxidative stress at 10 μM with cell 

viability of 64.4% and 68.1% in the presence and absence of H2O2, respectively. These results 

showed that cytotoxicity was significantly reduced as the length of the alkyl linker increased and 

this result deserved a further study. 

 

Fig. 4. Effect of TDa, TDb, TDc, TDd and TDe on H2O2-induced oxidative cell damage in PC12 cells.  

2.3.4. DPPH free radical scavenging activity 

To further study, free radical scavenging activities of TD compounds was evaluated using the 



  

DPPH assay [40]. As shown in Table 1, it was observed that TDe exhibited more profound radical 

scavenging effect and TDc, TDd were found to exhibit moderate antioxidant activity. The radical 

scavenging capacity of new compounds results from the hydroxyl group of DEF and the length of 

linker [26]. 

2.3.5. In vitro blood–brain barrier permeation assay 

For successful central nervous system (CNS) drugs, it is important that the compounds are 

able to cross the blood–brain barrier (BBB). The ‘rule of 5’ predicts that good absorption or 

permeation is more likely when there are less than 5 H-bond donors, 10 H-bond acceptors, the 

molecular weight (MW) is less than 500 and the calculated LogP (CLogP) is less than 5 (or 

MLogP<4.15) [41]. To evaluate the potential of these hybrids to cross the BBB, we calculated 

CLogP values using the ChemDraw 17.0. From Table 1, the CLogP value of five compounds (TDa, 

TDb, TDc, TDd and TDe) were all greater than 5, indicating that TD compounds might be difficult 

to penetrate the BBB. Therefore, we consider using nanoparticles or liposomes as carriers to 

enable drugs to cross the blood-brain barrier in the future. 

2.3.6. Metal-chelating properties of compound TDe 

As compound TDe showed a favorable antioxidant activity and a bAChE inhibitory activity 

with IC50 of 13.7 μM, its metal-chelating ability was investigated. The chelating abilities of 

compounds DEF, TAC and TDe with 0.5 equiv of Fe
3+

 and 1 equiv of Cu
2+

 were studied using the 

UV-vis spectrometric method are shown in Fig. 2b, Fig. 2c, Fig. 2d (respectively). When FeCl3 or 

of CuCl2 was added, the UV-vis spectrum of TAC showed no obvious change, indicating that 

TAC did not chelate metal ions. Upon the addition of FeCl3 to DEF, a red shift of the maximum 

absorption from 295 nm to 315 nm, suggesting the formation of the [Fe(DEF)2]
3-

 complex. The 

results were similar to a previous report for UV-vis spectra of DEF [32]. When CuCl2 was added, 

a significant change could be observed, which was similar to reported DEF-Cu
2+

 complex [42]. 

Similarly, the addition of Fe
3+

 or Cu
2+

 to TDe resulted in the shifts from 305 nm to 324 nm (for 

Fe
3+

) or 338 nm (for Cu
2+

). The complexation ability of TDe might be ascribed to DEF moiety of 

the compound.  

3. Conclusions  

In conclusion, we designed and synthetized tacrine-deferasirox compounds as multifunctional 

agents against AD. The new hybrids combined the capacities of TcAChE inhibition of tacrine and 

chelate metal ability of deferasirox. In all new compounds, TDa and TDe displayed the inhibitory 

activity against bAChE with IC50 values of 13.5 μM and 13.7 μM, respectively, which were 

virtually the same inhibitory activities as that of tacrine. Molecular modeling studies indicated that 

new TD compounds could simultaneously occupy the CAS and PAS of TcAChE. Moreover, TDe 

exhibited the low cytotoxicity and effectively cell protective activity for the injury caused by H2O2. 

Furthermore, TDe was found a more profound radical scavenging effect than DEF and was able to 

bind Fe
3+

 and Cu
2+

 to form chelate metal complexes. In addition, new compound DBP could serve 

as a metal chelator under an oxidative stress condition. It suggests that DBP will facilitate 

management metal burden at locations of disease without stimulating widespread metal 

redistribution. Moreover, such multifunctional properties indicated that TDe as a novel multi-target 



  

cholinesterase inhibitor and TD compounds could be considered as promising compounds for the 

further study in development of anti-AD drugs. 

4. Experimental section 

4.1. Chemistry 

All chemicals (reagent grade) were obtained from commercial suppliers and used without 

further purification. Reaction progress was monitored by thin-layer chromatography (TLC) using 

silica gel GF254 plates from Qingdao Haiyang Chemical Plant (China) and the spots were detected 

under UV light (254 nm). Melting points were measured on RY-1 melting-point instrument (China) 

and are uncorrected. Column chromatography using silica gel (200-300 mesh) purchased from 

Qingdao Haiyang Chemical Plant (China). 
1
H NMR and 

13
C NMR spectra were measured on a 

Bruker Avance DPX-300/500 spectrometer at 25 °C and referenced to tetramethylsilane (TMS) by 

China Pharmaceutical University Analytical Testing Center. IR (FI-IR) spectra were recorded on a 

Perkin-Elmer spectrometer by Suzhou Southeast Pharmaceutical Co., Ltd. (China). 

4.1.1. 4-(3,5-bis(2-(((trifluoromethyl)sulfonyl)oxy)phenyl)-1H-1,2,4-triazol-1-yl)benzoic acid 

(DOF) 

To a stirred solution of DEF (0.73 g, 1 mmol) and a few drops of DMF in dry CH2Cl2 at 

-20 °C was added dropwise N,N-diisopropylethylamine (0.006 mmol) and 

trifluoromethanesulfonic anhydride (0.006 mmol) in 40 minutes. The reaction mixture was stirred 

for 4 h at room temperature and quenched in ice-cold water, filtered and washed with water, brine 

and dried (Na2SO4). Evaporation of the solvent give (DOF) as a yellow oil which was used in the 

next step without further purification.
 1

H NMR (500 MHz, DMSO-d6) δ: 8.26-8.15 (m, 4H), 

7.69-7.54 (m, 4H), 7.14-7.01 (m, 4H); MS: [M-H]
-
 m/z calcd 635.9975 for C23H13F6N3O8S2, found 

636.9975. 

4.1.2. 

4-(3,5-bis(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-1,2,4-triazol-1-yl)benzoic 

acid (DBP) 

A mixture of DOF, potassium acetate (0.54 g, 5.46 mmol), bis(pinacolato)diboron (0.26 g, 

5.46 mmol) and catalytic PdCl2(dppf) in DMSO was heated at 80 °C under N2 atmosphere for 24 

h. The mixture was cooled to RT, diluted with ethyl acetate and washed with water, brine and 

dried (Na2SO4). The residue was purified by silica gel chromatography to yield the desired (DBP) 

as a yellow solid (0.19 g, 33% yield). mp 178.2-179.5 °C; 
1
H NMR (300 MHz, CD3OD) δ: 1.25 

(m, 21H), 2.25 (m, 3H), 6.92 (m, 4H), 7.39 (m, 4H), 8.08 (m, 4H); 
13

C NMR (75 MHz, DMSO-d6) 

δ:116.27, 154.95, 151.15, 150.12, 148.59, 138.36, 133.34, 132.34, 130.33, 129.96, 128.99, 128.60, 

128.55, 126.40, 126.36, 126.32, 123.74, 117.98, 83.90, 25.07; IR (KBr, cm
-1

): 3412.9, 3365.9 

(C=C), 2977.9 (C-H), 2736.1 (N=N), 1686, 1606.3, 1561.5, 1532.5, 1481, 1446.1, 974.9, 959.9, 

849.6; MS: [M+H]
+
 m/z calcd 594.2941 for C33H37B2N3O6, found 594.2943. 

4.1.3. 9-chloro-1,2,3,4-tetrahydroacridine (3) 

To an ice-cooled solution of anthranilic acid (3.2 g, 3 mmol) and cyclohexanone (2.65 mL, 



  

27 mmol) was added dropwise POCl3 with a constant pressure dropping funnel. Then, the reaction 

was heated at reflux for 3 h. The solvent was reduced in vacuum and the residue was dissolved in 

ethyl acetate and washed with 1N K2CO3 solution, brine and dried (Na2SO4). The residue was 

purified by silica gel chromatography to yield the desired (3) as a yellow solid (4.6g, 91% yield). 

mp 67.2-69.2 °C. 

4.1.4. General procedure for the synthesis of intermediates 4a-e 

A mixture of compound 3 (1.0 g, 3.61 mmol) and different amines (13.8 mmol) in 1-pentanol 

(5 mL) was stirred at 160 °C for 36 h until TLC revealed completion of the reaction. The mixture 

was diluted with DCM, filtered and the filtrate was washed with water, 1N NaOH solution, brine 

and dried (Na2SO4). The crude was reduced in vacuum and the residue purified by silica gel 

chromatography to yield the desired (4a-e), respectively. 

4.1.4.1. N
1
-(1,2,3,4-tetrahydroacridin-9-yl)butane-1,4-diamine (4a) Brown oil; 71% yield; 

1
H 

NMR (300 MHz, CDCl3) δ: 1.08 (s, 2H), 1.28 (d, J = 7.4 Hz, 2H), 1.45 (d, J = 7.4 Hz, 2H), 

2.49-2.54 (m, 4H), 2.87 (t, J = 6.0 Hz, 2H), 3.25 (t, J = 7.1 Hz, 2H), 3.89-3.95 (m, 4H), 7.13 (t, J = 

7.6 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.75 (t, J = 8.4 Hz, 2H); MS: [M-H]
-
 m/z calcd 268.1819 for 

C17H23N3, found 268.1910. 

4.1.4.2. N
1
-(1,2,3,4-tetrahydroacridin-9-yl)pentane-1,5-diamine (4b) Brown oil; 89% yield; 

1
H 

NMR (300 MHz, CDCl3) δ: 1.26-1.33 (m, 2H), 1.35-1.42 (m, 2H), 1.54 (d, 2H, J = 7.3 Hz), 1.79 

(d, J = 3.3 Hz, 4H), 2.24 (s, 2H), 2.53 (s, 2H), 2.61 (s, 2H), 2.91(s, 2H), 3.24 (t, 2H, J = 7.2 Hz), 

3.87 (s, 1H), 7.13 (dd, J = 9.0, 2.2 Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.77 (d, J = 2.2 Hz, 1H); MS: 

[M+H]
+
 m/z calcd 284.2121 for C18H25N3, found 284.2012. 

4.1.4.3. N
1
-(1,2,3,4-tetrahydroacridin-9-yl)hexane-1,6-diamine (4c) Yellow oil; 56% yield; 

1
H 

NMR (300 MHz, CDCl3) δ: 1.35-1.39 (m, 6H), 1.59-1.64 (m, 4H), 1.85-1.96 (m, 4H), 2.61-2.73 

(m, 4H), 3.01-3.67 (m, 2H), 3.41 (t, J = 7.1 Hz, 2H), 3.89 (s, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.49 (t, 

J = 7.6 Hz, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.90 (d, J = 8.5 Hz, 1H); MS: [M+H]
+
 m/z calcd 

298.2277 for C19H27N3, found 298.2272.  

4.1.4.4. N
1
-(1,2,3,4-tetrahydroacridin-9-yl)heptane-1,7-diamine (4d) Brown oil; 71% yield; 

1
H 

NMR (300 MHz, CD3OD) δ: 1.24-1.47 (m, 8H), 1.52 (d, J = 7.2 Hz, 2H), 1.64 (d, J = 7.2 Hz, 2H), 

1.86-1.90 (m, 4H), 2.70-2.78 (m, 6H), 2.93-2.95 (m, 2H), 3.55 (t, J = 7.2 Hz, 2H), 7.34(ddd, J = 

1.1, 7.2, 8.7 Hz, 1H), 7.56 (d, J = 6.9 Hz, 1H), 7.74 (dd, J = 0.8, 8.7 Hz, 1H), 8.10 (dd, J = 0.8, 8.6 

Hz, 1H); MS: [M+H]
+
 m/z calcd 312.2434 for C20H29N3, found 312.2442. 

4.1.4.5. N
1
-(1,2,3,4-tetrahydroacridin-9-yl)octane-1,8-diamine (4e) Brown oil; 76% yield; 

1
H 

NMR (300 MHz, CD3OD) δ: 1.31 (s, 8H), 1.55-1.69 (m, 4H), 1.88-1.91 (m, 4H), 2.71 (s, 2H), 

2.83 (t, J = 7.6 Hz, 2H), 2.98 (s, 2H), 3.67 (t, J = 7.2 Hz, 2H), 7.42 (ddd, J = 1.4, 7.0, 8.4 Hz, 1H), 

7.64 (d, J = 6.9 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 8.18 (d, J = 8.5 Hz, 1H); MS: [M+H]
+
 m/z calcd 

326.2590 for C21H31N3, found 326.2597. 

4.1.5. General procedure for the synthesis of TDa-e 

To an ice-cooled solution of DEF (0.373 g, 1 mmol), HOBT (0.2 g 1.5 mmol) and EDCI (0.2 



  

g, 1.5 mmol) in DMF was stirred for 1 h. Then, compound 4a-e was added and the mixture was 

stirred at room temperature for 6 h until TLC revealed completion of the reaction. The mixture 

was diluted with DCM, filtered and the filtrate was washed with water, brine and dried (Na2SO4). 

The crude was reduced in vacuum and the residue purified by silica gel chromatography to yield 

the desired (TDa-e), respectively. 

4.1.5.1. 

4-(3,5-bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl)-N-(4-((1,2,3,4-tetrahydroacridin-9-yl)amino)b

utyl)benzamide (TDa) Yellow solid; 33% yield; mp 147.3-148.5 °C; 
1
H NMR (300 MHz, 

DMSO-d6) δ: 1.05 (t, J = 5.73 Hz, 2H), 1.59 (t, J = 8.94 Hz, 4H), 2.71 (d, J = 5.73 Hz, 2H), 2.88 

(d, J = 5.19 Hz, 2H), 3.22-3.28 (m, 2H), 3.46-3.52 (m, 2H), 5.75 (s, 1H), 6.88 (d, J = 8.22 Hz, 1H), 

6.95-7.04 (m, 3H), 7.35 (t, J = 7.95 Hz, 3H), 7.49-7.57 (m, 4H), 7.70 (d, J = 8.34 Hz, 1H), 7.84 (d, 

J = 8.43 Hz, 2H), 8.05 (d, J = 7.47 Hz, 1H), 8.14 (d, J = 8.58 Hz, 2H), 8.50 (t, J = 5.04, 1H), 10.20 

(s, 1H), 10.79 (s, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ: 168.55, 162.63, 158.14, 157.92, 157.60, 

154.33, 150.50, 148.11, 147.71, 132.70, 132.47, 131.58, 129.88, 129.69, 129.02, 128.25, 125.45, 

125.38, 124.76, 124.30, 123.25, 120.79, 120.00, 117.82, 117.27, 116.23, 114.59, 111.25, 43.82, 

37.78, 32.69, 27.54, 27.14, 26.04, 22.78, 22.02; IR (KBr, cm
-1

): 3425.5, 3373.9 (C=N), 3059.1 

(O-H), 2927.9 (C-H), 2534.2 (N=N), 1650, 1608.4, 1572.3 (C=C), 1510.1, 1462.4, 858.3, 754.3; 

MS: [M+H]
+
 m/z calcd 625.2921 for C38H36N6O3, found 625.2927. 

4.1.5.2. 

4-(3,5-bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl)-N-(5-((1,2,3,4-tetrahydroacridin-9-yl)amino)p

entyl)benzamide (TDb) Yellow solid; 59% yield; mp 140.1-141.2 °C. 
1
H NMR (300 MHz, CDCl3) 

δ: 1.49 (t, J = 7.05 Hz, 2H), 1.63-1.74 (m, 4H), 1.88 (s, 4H), 2.68 (s, 2H), 2.96 (s, 2H), 3.44-3.54 

(m, 4H), 3.99 (d, J = 5.88 Hz, 1H), 6.34 (s, 1H), 6.71 (t, J = 7.56 Hz, 1H), 6.99-7.09 (m, 4H), 

7.26-7.39 (m, 4H), 7.48-7.56 (m, 3H), 7.79-7.94 (m, 4H), 8.13 (d, J = 7.71 Hz, 1H); 
13

C NMR (75 

MHz, DMSO-d6) δ: 167.89, 162.63, 158.14, 157.92, 157.60, 154.33, 150.50, 148.11, 144.28, 

132.70, 132.57, 131.19, 129.87, 129.69, 129.02, 128.25, 125.45, 125.38, 124.76, 124.31, 123.25, 

120.79, 120.00, 117.82, 117.21, 116.23, 112.50, 111.24, 43.90, 36.67, 32.69, 29.80, 29.18, 24.68, 

24.14, 22.94, 22.02; IR (KBr, cm
-1

): 3270.3 (C=N), 3190.4, 3055.7 (O-H), 2929.3 (C=H), 2857.2, 

2547.7 (N=N), 2491, 1643.5, 1609.5, 1583.6, 1504, 1462.2, 855, 830.5, 754.9; MS: [M+H]
+
 m/z 

calcd 639.3078 for C39H38N6O3, found 639.3071. 

4.1.5.3. 

4-(3,5-bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl)-N-(6-((1,2,3,4-tetrahydroacridin-9-yl)amino)h

exyl)benzamide (TDc) Yellow solid; 50% yield; mp 120.3-122.2 °C; 
1
H NMR (300 MHz, CDCl3) 

δ: 0.83-0.89 (m, 3H), 1.43 (s, 5H), 1.88 (s, 4H), 2.67 (s, 2H), 2.98 (s, 2H), 3.44-3.52 (m, 4H), 4.13 

(s, 1H), 6.40 (s, 1H), 6.69 (t, J = 7.53 Hz, 1H), 6.99-7.09 (m, 4H), 7.30-7.39 (m, 3H), 7.49-7.56 

(m, 3H), 7.83-7.97 (m, 4H), 8.13 (d, J = 7.62 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ: 168.13, 

162.63, 160.41, 156.96, 156.79, 154.33, 150.29, 148.91, 145.79, 132.63, 132.54, 131.48, 129.94, 

129.69, 129.11, 128.15, 125.59, 125.38, 124.81,, 124.46, 123.18, 120.79, 119.84, 117.82, 117.61, 

116.23, 114.59, 112.26, 44.00, 37.38, 32.69, 30.64, 29.82, 27.11, 24.68, 22.41, 20.60; IR (KBr, 

cm
-1

): 3270.3, 3192.3, 3055.6, 2967.9, 2930.1 (C-H), 2547.8, 2491, 1642.5, 1609.6, 1563.6, 

1504.1, 1462.2, 855.2, 830.5, 754.8; MS: [M+H]
+
 m/z calcd 653.3234 for C40H40N6O3, found 

653.3237. 



  

4.1.5.4. 

4-(3,5-bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl)-N-(7-((1,2,3,4-tetrahydroacridin-9-yl)amino)h

eptyl)benzamide (TDd) Yellow solid; 57% yield; mp 117.1-118.5 °C. 
1
H NMR (300 MHz, CDCl3) 

δ: 1.26-1.36 (m, 6H), 1.56-1.64 (m, 4H), 1.89 (s, 4H), 2.69 (s, 4H), 2.99 (s, 2H), 3.40-3.51 (m, 

4H), 4.00 (s, 1H), 6.35 (s, 1H), 6.70 (t, J = 7.65 Hz, 1H), 7.00-7.08 (m, 4H), 7.29-7.39 (m, 3H), 

7.49-7.59 (m, 3H), 7.80 (d, J = 8.10 Hz, 1H), 7.94 (t, J = 8.10 Hz, 3H), 8.14 (d, J = 7.74 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ: 169.97, 163.73, 160.55, 157.92, 157.75, 154.14, 150.46, 148.26, 

144.28, 132.73, 132.38, 131.58, 130.14, 129.75, 128.87, 128.03, 126.80, 126.59, 124.96, 124.30, 

122.11, 120.88, 120.30, 117.82, 117.27, 116.23, 114.15, 111.44, 45.10, 36.36, 32.93, 31.05, 29.55, 

28.49, 26.91, 26.75, 24.78, 23.07, 21.32; IR (KBr, cm
-1

): 3352.1, 3271.1, 3060.9, 2926, 2853.7, 

2488, 1920, 1738.4, 1608.9, 1581.2, 1504.5, 1463.2, 854.7, 830.7, 752.4; MS: [M+H]
+
 m/z calcd 

667.3391 for C41H42N6O3, found 667.3395. 

4.1.5.5. 

4-(3,5-bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl)-N-(8-((1,2,3,4-tetrahydroacridin-9-yl)amino)o

ctyl)benzamide (TDe) Yellow solid; 60% yield; mp 112.7-113.5 °C; 
1
H NMR (300 MHz, CDCl3) δ: 

1.06 (t, J = 7.11 Hz, 6H), 1.57-1.66 (m, 5H), 1.89 (s, 4H), 2.54-2.61 (m, 3H), 2.69 (s, 2H), 3.00 (s, 

2H), 3.43-3.50 (m, 4H), 4.02 (s, 1H), 6.39 (s, 1H), 6.70 (t, J = 7.59 Hz, 1H), 7.00-7.08 (m, 4H), 

7.33-7.7.39 (m, 3H), 7.49-7.59 (m, 3H), 7.80 (d, J = 8.34 Hz, 1H), 7.94 (d, J = 8.07 Hz, 3H), 8.14 

(d, J = 7.65 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ: 169.10, 162.65, 158.57, 157.68, 157.61, 

154.33, 151.01, 148.62, 145.23, 132.47, 132.33, 131.58, 129.92, 129.53, 128.87, 128.25, 125.45, 

124.12, 123.07, 122.89, 119.82, 117.62, 117.13, 115.55, 114.06, 111.64, 44.22, 37.17, 32.69, 30.64, 

29.82, 27.47, 26.91, 24.68, 22.94, 22.34; IR (KBr, cm
-1

): 3276.2, 3190.9, 3057.9, 2929.8, 2855.9, 

2547.3, 1913.5, 1830.8, 1609.9, 1504.2, 1462.5, 855.2, 830.6, 754.9; MS: [M+H]
+
 m/z calcd 

681.3547 for C42H44N6O3, found 681.3577. 

4.2. Biological evaluation 

4.2.1. Metal binding studies 

The study of metal chelation was performed in methanol at 298 K using UV-vis 

spectrophotometer (Shanghai Csoif Co., Ltd) with wavelength ranging from 200 to 500 nm. To 

investigate whether DBP, TDe and DEF could chelate metals, the UV absorption tested in the 

absence or presence of metal ion. Stock solutions of DBP (2.5 mM), DEF (2.5 mM), TAC (2 mM) 

and TDe (1.5 mM) were eventually diluted 50 times with methanol. Metal salt solutions of FeCl3 

(10 mM) and CuCl2 (10 mM) were prepared in water. The solutions were incubated for 1 h with 

0.5 equiv of Fe
3+

, 1 equiv of Cu
2+

 or 2 mM H2O2 before UV-Vis spectra were recorded. 

4.2.2. Inhibition experiments of bAChE 

AChE activities were measured by ELISA method with using AChE from bovine serum 

(bAChE) [43]. Double antibody sandwich assay used to determine the activities of bAChE by the 

microplate was coated with purified bAchE antibody to prepare a solid phase antibody, and AchE 

was sequentially added to the microplate, followed by HRP-labeled AChE. Combines to form an 

antibody-antigen-enzyme-labeled antibody complex, which is thoroughly washed and TMB was 

added and turned from blue to yellow under the action of acid. Follow the cattle (AChE) ELISA 



  

kit instructions (Shanghai Du Yi biology Co., Ltd.), on the enzyme label coating plate, 40 μL of 

biological reference preparation (120 U/L, 80 U/L, 40 U/L, 20 U/L and 10 U/L) was incubated 

with different test compounds (10 μL) at 37 °C for 30 min followed by the enzyme standard 

reagent (50 μL) and the absorbance was measured at a wavelength of 450 nm in 15 min. The 

concentration of compound producing 50% of enzyme activity inhibition (IC50) was calculated by 

linear regression analysis using the Origin 8.0 program package. Tacrine were purchased from 

Shanghai Zhen Zhi Biological Technology Co., Ltd. positive drug and all samples were assayed in 

triplicate. 

4.2.3. Molecular modeling study 

Molecular modeling calculations and docking studies were performed using Schrodinger's 

software Glide-Docking. The X-ray crystallographic structures of Torpedo californica AChE 

complexed with bis (5)-tacrine (PDB code 2CMF) was obtained from the Protein Data Bank [35]. 

All water molecules in PDB files were removed and hydrogen atoms were subsequently added to 

the protein. The compound TDa was built and performed geometry optimization by molecular 

mechanics. Then, the TDa was docked into the active site of the protein by using Glide 6.7 

program with default parameters [44, 45]. Docking accuracy is Standard Precision (SP) and the 

dock scoring in Glide software was done using Glide score function. After docking, the geometry 

of resulting complex was studied using the Glide’s pose viewer. 

4.2.4. Effect on H2O2-induced oxidative cell damage in PC12 cells 

The rat pheochromocytoma PC12 cells were routinely grown at 37 °C in a humidified 

incubator with 5% CO2 and were plated at a density of 3×10
3
 cells/well on 96-well plates in 100 

μL of DMEM. Compounds TDa, TDb, TDc, TDe and TDe were dissolved with 150 μL DMSO first, 

and then diluted with PBS. The cells were pre-incubated with compounds for 24 h before H2O2 

(150 μM) was added. The cells were treated without H2O2 for 3 h, and cell viability was 

determined after replaced with fresh DMEM medium. The cells were treated with 50 μL MTT for 

4 h at 37 °C. The absorption was measured by a well plate reader at 490 nm. 

4.2.5. DPPH scavenging activity 

DPPH radical scavenger solution in methanol showed a maximum absorption wavelength at 

517 nm (Fig. S1). The test compound was formulated into10
-1

, 10
-2

, 10
-3

, 10
-4

, 10
-5

 and 10
-6

 M 

solution, then 2.5 mL of DPPH solution was added separately. The mixture treated for 30 min at 

room temperature, the absorbance of the solution with different concentrations at 517 nm was 

obtained. The antioxidant activity was computed according to equation shown below: 

DPPHsampleDPPH AAAAA /%   

AA% indicates the antioxidant activity of a compound, ADPPH indicates the absorbance of 

pure DPPH methanol solution, and Asample indicates the absorbance of a tested compound. 

4.2.6. In vitro blood–brain barrier permeation prediction 

To evaluate the potential for these hybrids to cross the BBB, we predict CLogP values by 

ChemDraw 17.0. The CLogP values of compound was studied in the chemical properties window. 
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Structure of TD compound and docking models of the TDa in TcAChE 

(PDB code: 2CMF). 

 

 

 

 

 

 

  



  

 

 

Highlights 

 Synthesis of a new series of metal chelators as multifunctional agents for the 

treatment of Alzheimer’s disease. 

 Docking simulations were applied the active compound. 

 Cytotoxicity evaluation on H2O2-induced oxidative cell damage in PC12. 

 The compounds demonstrated significant metal chelating property. 

 TD compounds indicated their moderate acetylcholinesterase inhibitory 

activity. 

 

 

 

 

 

 

 

 

 


