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A novel series of acridone linked to 1,2,3-triazole derivatives have been synthesized and evaluated
in vitro for their acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activities. The
synthetic approach was started from the reaction of 2-bromobenzoic acid with aniline derivatives and
subsequent cyclization reaction to give acridone derivatives. Then, reaction of the later compounds with
propargyl bromide followed by azideealkyne cycloaddition reaction (click reaction) led to the formation
of the title compounds in good yields. Among the synthesized compounds, 10-((1-(4-chlorobenzyl)-1H-
1,2,3-triazol-4-yl)methyl)-2-methoxyacridin-9(10H)-one 9g, depicted the most potent anti-AChE activity
(IC50 ¼ 7.31 mM). Also, docking study confirmed the results obtained through in vitro experiments and
predicted possible binding conformation.

© 2015 Elsevier Masson SAS. All rights reserved.
1. Introduction

Alzheimer's disease (AD) is the most common neurodegenera-
tive syndrome, recognized as the origin of dementia among older
people in which cognitive characteristics such as intelligence,
memory, language, and speech are overshadowed [1,2]. The num-
ber of people affected by AD is estimated to triple by 2050 along
with severe economic detriment [3]. The rapid growth of AD as well
as medical and social issues in both developed and developing
countries has attracted the attention of medicinal chemists to
develop their drug discovery investigations in this area [4].

The pathogenic background of AD is not comprehensively
Chemistry, Faculty of Phar-
14176, Iran.
eh).

served.
perceived and it seems that cholinergic system disorders, acceler-
ated aggregation of b-amyloid peptides and the dyshomeostasis of
biometals are the most common factors involved in AD [5e9]. It has
been revealed that most of AD symptoms are caused by
acetylcholine-producing system dysfunction through AChE/BChE-
catalyzed hydrolysis of acetylcholine [10,11]. In spite of the fact
that physiological function of AChE in neuromuscular junction is
well-documented, the function of BChE has not been fully recog-
nized. Carson et al. demonstrated that the activity of both AChE and
BChE is related to masses of tangled paired helical filaments in
neurons with NFT [12].

Although a wide range of research programs has focused on
developing AChE inhibitors, therapeutic drugs on the market are
not so much available since their efficacy is limited to various
adverse effects. In this context, four commonly prescribing AChE
inhibitors including tacrine, donepezil, rivastigmine, and
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galantamine have been approved by the European and United
States regulatory authorities [13].

Success of tetrahydroacridine derivatives particularly tacrine, as
the first centrally-acting AChEI approved for the treatment of AD,
led researchers to develop novel acridine based agents to reduce
the side effects [14e16]. At this juncture, acridones absorbed our
attention as some naturally occurring derivatives exhibited AChE
inhibitory activity [17]. Comprehensive literature review exhibited
that the effectiveness of synthetic acridones in the treatment of AD
have not been fully investigated. Indeed, brilliant previous record of
1,2,3-triazole subunit in inhibition of AChE [18e20] and our expe-
riences in the synthesis of anti-acetylcholinesterase agents [21e23]
encouraged us to design and evaluate novel acridone linked to
1,2,3-triazole scaffold against AChE and BChE (Scheme 1).
Table 1
The IC50 values of the compounds 9 against AChE and BChE.a

Entry Compound 9 R1 R2 R3 AChE inhibition [IC50

(mM/ml)]
BChE inhibition [IC50
(mM/ml)]

1 9a H H H �100 �100
2 9b H H Cl 59.68 ± 0.01 �100
3 9c H Cl H 88.10 ± 0.03 �100
4 9d H Cl Cl 17.69 ± 0.52 �100
5 9e H Cl NO2 38.33 ± 0.04 �100
6 9f H OMe H 23.99 ± 0.01 �100
7 9g H OMe Cl 7.31 ± 0.03 �100
8 9h H Br H 68.06 ± 0.01 �100
9 9i H Br Cl 45.57 ± 0.04 �100
10 9j H Br NO2 52.82 ± 0.02 �100
11 9k H Me H �100 �100
12 9l H Me Cl 10.84 ± 0.07 87.17 ± 1.00
13 9m F H H �100 �100
14 9n F H Cl 24.53 ± 0.02 �100
15 Rivastigmine 11.07 ± 0.01 N.d

a Data are expressed as Mean ± SE (three independent experiments).
2. Results and discussion

2.1. Chemistry

The synthetic route for the synthesis of acridone linked to 1,2,3-
triazoles 9 has been depicted in Scheme 1. It was started from the
Ullmann condensation reaction of 2-bromobenzoic acid 1 and
various aniline derivatives 2 [24] in the presence of potassium
carbonate and copper in EtOH at reflux to give 2-arylamino benzoic
acids 3. They easily underwent cyclization reaction in the presence
of PPA at 100 �C and afforded acridone derivatives 4 [25]. Acridone
derivatives 4 reacted with propargyl bromide 5 using potassium
tert-butoxide in DMSO at room temperature. The resulting 10-
(prop-2-yn-1-yl)acridin-9-one derivatives 6 were prone to be
participated in click reaction through the method described by
Sharpless et al. to construct 1,2,3-triazole ring [26]. Accordingly,
different benzyl chloride derivative 7 and sodium azide reacted in
the presence of Et3N in the mixture of H2O/t-BuOH at room tem-
perature. Then, mixture of 10-(prop-2-yn-1-yl)acridin-9-one de-
rivative 6 and CuI was added to the freshly prepared azide
derivative 8 and the reaction was continued at room temperature
for 24e56 h to give the corresponding products 9 in good yields
(73e89%).
Scheme 1. Synthesis of acridone link
2.2. Pharmacology

2.2.1. Inhibitory activity against AChE and BChE
The in vitro activity of the all compounds 9aen was evaluated

for their ability to inhibit AChE and BChE by Ellman's method and
compared with rivastigmine as the reference drug [27] (Table 1). All
data were presented as mean ± S.E. of three independent
experiments.

Based on the IC50 values for AChE, most of the synthesized
compounds exhibited satisfactory inhibitory activity in the range of
sub-micromolar concentrations (IC50 values of 7.31e88.10 mM)
comparing with rivastigmine as the reference drug. As can be seen
in Table 1, compounds 9deg, 9l, and 9n were found to be more
ed to 1,2,3-triazole derivatives 9.



M. Mohammadi-Khanaposhtani et al. / European Journal of Medicinal Chemistry 92 (2015) 799e806 801
potent anti-AChE and among them, 9g was the most potent com-
pound (IC50 ¼ 7.31 mM) in comparison to rivastigmine
(IC50 ¼ 11.07 mM). It is notable that compound 9l (IC50 ¼ 10.84 mM)
depicted similar activity regarding with reference drug.

The results showed that the electronic properties of substituents
both on acridone and 1,2,3-triazole rings affect anti-AChE activity
since no activity was observed for compound 9a. It was found that
the presence of 4-substituted chlorine on the pendant benzyl group
plays significant role in anti-AChE activity and it is truly confirmed
by the obtained results for compounds 9b, 9d, 9g, 9i, 9l, and 9n.
Introduction of strong electron-withdrawing group (NO2) into the
pendant benzyl group instead of chlorine in compounds 9e and 9j
decreased activity comparing with compounds 9d and 9i,
respectively.

It seems that the presence of any groups instead of hydrogen on
the 2-substituted acridon moieties led to the increase of inhibitory
activity and it is demonstrated in compounds 9b, 9d, 9g, 9i, and 9l
in the order of OMe > Me � Cl > Br. It is worthwhile mentioning
that introduction of fluorine group into 4-position of acridone ring
enhanced the activity more than two-fold and it is clearly observed
in compound 9n versus compound 9b. The effect of substituents on
the pendant benzyl group was perceived to be more effective and
clearly synergistic effect of this group and substituents on the
acridone ring would be observed.

Finally, the obtained result related to compound 9g as the best
candidate of the anti-AChE is in good agreement with those re-
ported in the literature [28,29]. The efficiency of methoxy and
chlorine groups to create useful interactions with the active site of
enzyme, plays crucial role in the inhibitory activity. As reported in
the literature [28], formation of a hydrogen bond between oxygen
of OMe and that hydrogen belongs to OH of amino acid is expected.
Also, a weak interaction between chlorine and backbone carbonyl
group of amino acid is beneficial [29].

Altogether, all synthesized products except compound 9l
showed no BChE inhibition (IC50 > 100 mM) and it was remarkably
lower than AChE inhibitory activity.

2.2.2. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity

1,1-Diphenyl-2-picrylhydrazyl radical scavenging activity
(DPPH) assay was utilized to determine the total antioxidant ac-
tivity of the compounds 9b, 9c, 9f, 9k, and 9m based on themethod
described in the literature [30]. All results are shown in Table 2. In
this colorimetric method, 1,1-diphenyl-2-picrylhydrazyl radical has
an absorption band at 515 nmwhich is disappeared upon reduction
by an antioxidant agent. The inhibition percentage values were
determined by comparison to butylated hydroxyanisole (BHA) as a
standard antioxidant. The abovementioned compounds showed no
significant antioxidant activities.

2.2.3. Docking studies
During our investigations, we applied docking studies parallel to

the synthesis and evaluation of compounds 9 to obtain scrutinized
Table 2
DPPH antioxidant activities of the compounds 9b, 9c, 9f, 9k, and 9m.a

Entry Compound 9 Inhibition (%) (700 mg/ml) EC50 (mg/ml)

1 9b 21.78 ± 0.22 >333
2 9c 26.60 ± 0.08 >700
3 9f 8.65 ± 0.45 >700
4 9k 7.09 ± 0.84 >333
5 9m 14.79 ± 0.98 >700
6 BHA 96.69 ± 0.53 e

a Data are expressed as Mean ± SE (three independent experiments).
concept on the interactions and binding to the active sites of AChE
and the related inhibitory activities. Our results are shown in
Figs.1e3whichwere performedwith themost active compound 9g
using Autodock Tools (1.5.6), discovery studio 4.0 client, and
Chemira 1.9 software (UCFS package). Several ligand-bounded
crystallographic structures of AChE are available in the RCSB pro-
tein data bank (http://www.rcsb.org/pdb/home/home.do). Herein,
PDB structure of 1EVE was retrieved for docking purpose.

As expected, planar structure of acridone and 1,2,3-triazole in
compound 9g led to the important interactions which was
confirmed with docking study (Fig. 1). It revealed that there is an
important interactionwith catalytic anionic site (CAS) inwhich two
amino acids Phe330 and Trp84 are responsible for the corre-
sponding interactions. Phe330 is responsible for binding the 1,2,3-
triazole part in the synthesized inhibitor 9gwith pep interactions.
Also, Trp84 possessing aromatic moiety is involved in pep inter-
action of acridone moiety. As can be seen in Fig. 2, it seemed that
the presence of chlorine on the pendant benzyl group led to the
formation of weak interactionwith backbone carbonyl groupwhich
is beneficial interaction [29]. As the best result was obtained for the
compound 9g possessing methoxy group at 2-position of acridone
moiety, docking study was dedicated for the possible interaction of
methoxy group. According to Fig. 3, it is clear that a hydrogen bond
can be formed between oxygen of OMe and that hydrogen belongs
to OH of Ser122 [28].
2.2.4. Screening of pharmacokinetic properties
To gain insight into aspects of the pharmacokinetic properties of

synthesized compounds 9aen, some of their physicochemical and
topological properties including a number of H-bond donors (HBD),
a number of H-bond acceptors (HBA), octanolewater partition co-
efficients (Clog P), the polar surface area (tPSA), and a number of
rotatable bonds (RBC) were calculated and shown in Table 3. Ac-
cording to Lipinski rule of 5 [31,32], most compoundswere found to
be a likely orally active drug in humans and MW � 500, HBD � 5,
HBA � 10 and Clog P � 5 were reported. The molecular weight of
compounds was between 366.42 and 490.31 Da, their Clog Pwas in
the range of 3.83e5.27. They had 0 H-bond donors and 4-6 H-bond
acceptors. Also, they possessed tPSA between 48.27e100.08 and
4e5 RBC. The obtained results revealed that prepared acridone
linked to 1,2,3-triazoles 9 would have satisfactory pharmacoki-
netics: solubility and permeability after the oral admission as drug
Fig. 1. The most active compound 9g in the active site of AChE enzyme. The probable
pep stacking interaction of acridone and 1,2,3-triazole rings whit Trp84 and Phe330,
respectively. They are shown by dashed line.

http://www.rcsb.org/pdb/home/home.do


Fig. 2. Interaction of chlorine and Arg289 in compound 9g.

Fig. 3. Hydrogen bond between methoxy group and Ser122 in compound 9g, constructed by UCSF package.

Table 3
Molecular descriptorsa of compounds 9.

Entry Compound 9 HBD HBA Clog P tPSA [Å2] MW RBC

1 9a 0 4 3.83 48.27 366.42 4
2 9b 0 4 4.54 48.27 400.11 4
3 9c 0 4 4.56 48.27 400.66 4
4 9d 0 4 5.27 48.27 435.31 4
5 9e 0 6 4.3 100.08 445.09 5
6 9f 0 5 3.92 57.5 396.31 5
7 9g 0 5 4.63 57.5 430.89 5
8 9h 0 4 4.71 48.27 445.21 4
9 9i 0 4 5.42 48.27 479.71 4
10 9j 0 6 4.45 100.08 490.31 5
11 9k 0 4 4.33 48.27 380.16 4
12 9l 0 4 5.04 48.27 414.89 4
13 9m 0 4 3.99 48.27 384.14 4
14 9n 0 4 4.77 48.27 366.42 4

a HBD: a number of H-bond donors, HBA: a number of H-bond acceptors, Clog P:
the octanolewater partition coefficient, tPSA: the polar surface area, RBC: a number
of rotatable bonds.
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candidates.

3. Conclusion

In conclusion, various novel acridone linked to 1,2,3-triazole
derivatives were designed, synthesized, and evaluated against
AChE and BChE. Among them, 10-((1-(4-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methyl)-1-methoxyacridin-9(10H)-one 9g with IC50
value of 7.31 mM showed the best inhibitory activity against AChE.
The docking study of compound 9gwith AChE enzyme showed that
there is an appropriate CAS-ligand hydrogen binding interaction
through methoxy group at 4-position of acridone and chlorine on
the pendant benzyl group as well as pep stacking interaction of
acridone and 1,2,3-triazole rings. All these results clearly confirmed
the efficacy of the corresponding compounds for further drug dis-
covery developments.
4. Experimental

Melting points weremeasured with a Kofler hot stage apparatus
and are uncorrected. 1H and 13C NMR spectra were recorded with a
Bruker FT-400, using TMS as an internal standard. IR spectra were
obtained with a Nicolet Magna FTIR 550 spectrophotometer (KBr
disks). MS were recorded with an Agilent Technology (HP) mass
spectrometer operating at an ionization potential of 70 eV.
Elemental analysis was performed with an Elementar Analysen
system GmbH VarioEL CHNS mode.

4.1. General procedure for the synthesis of 2-arylamino benzoic
acids 3

A solution of 2-bromobenzoic acid 1 (8.5 mmol), aniline deriv-
ative 2 (159.0 mmol), copper powder (4.7 mmol), and potassium
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carbonate (119.0 mmol) in ethanol (80 ml) was heated at reflux for
7 h. After completion of reaction (checked by TLC), the reaction
mixture was cooled down to room temperature, poured into hot
water (1 l) and boiled in the presence of activated charcoal for
15 min. Then, it was filtered through celite and the filtrate was
acidified with HCl to obtain precipitated product which was puri-
fied using recrystallization from ethanol to obtain pure products in
80e85% yield.
4.2. General procedure for the synthesis of acridone derivatives 4

A mixture of 2-arylamino benzoic acids 3 (1 mmol) and poly-
phosphoric acid (10 mmol) was heated at 100 �C for 3 h. The re-
action run to completionwhen brown color of the reaction mixture
faded to yellow. Then, it was poured into hot water (500 ml) and
made alkaline by liquor ammonia. Then, the obtained yellow pre-
cipitate was filtered off, washed with hot water, and purified using
recrystallization from acetic acid to obtain pure products in 80e85%
yield.
4.3. General procedure for the synthesis of 10-(prop-2-yn-1-yl)
acridin-9-one derivatives 6

A suspension of acridone derivative 4 (2.5 mmol) and potassium
tert-butoxide (3.6 mmol) in DMSO (1.5 ml) was stirred at room
temperature for 30 min. Then, it was added to a solution of prop-
argyl bromide 5 (3.4 mmol) in DMSO (5 ml) drop wise and the
reaction mixture was stirred at room temperature for 3 h. After that
it was poured into crushed ice and the aqueous solution was
extracted with dichloromethane (3 � 20 ml), washed with water,
and dried over Na2SO4. The solvent was evaporated under vacuum
and the residue was purified by flash chromatography on silica gel
using petroleum ether/ethyl acetate (9:1) to obtain pure products
in 55e70% yield.
4.4. General procedure for the synthesis of ocridone linked 1,2,3-
triazole derivatives 9

At first, azide derivatives 8 were prepared in situ. For this pur-
pose, a solution of benzyl bromide derivative 7 (1.1 mmol), sodium
azide (0.9 mmol), and Et3N (1.3 mmol) in the mixture of water
(4 ml)/t-BuOH (4 ml) was stirred at room temperature for 1 h.
Subsequently, mixture of 10-(prop-2-yn-1-yl)acridin-9-one deriv-
ative 6 (1 mmol) and CuI (7 mol %) was added to the freshly pre-
pared azide derivative 8 and the reaction mixture was stirred at
room temperature for 24e56 h. Upon completion of the reaction,
monitored by thin-layer chromatography, the reaction mixturewas
diluted with water, poured into crushed ice, and the precipitated
product was filtered off, washed with cold water, and purified by
flash chromatography on silica gel using petroleum ether/ethyl
acetate (4:1).
4.4.1. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)acridin-9(10H)-
one (9a)

Yellow crystals; yield: 85%, mp 215e217 �C. IR (KBr): 3123, 3071,
2925, 2852, 1732, 1632, 1598 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.36 (dd, J ¼ 8.0, 1.6 Hz, 2H, H1, H8), 8.23 (s, 1H, triazole), 7.95 (d,
J¼ 8.0 Hz, 2H, H4, H5), 7.81 (td, J¼ 8.0, 1.6 Hz, 2H, H3, H6), 7.37e7.30
(m, 5H, Ph), 7.27e7.25 (m, 2H, H2, H7), 5.81 (s, 2H, CH2), 5.54 (s, 2H,
CH2). 13C NMR (100MHz, DMSO-d6): 177.1, 143.2,142.3,136.4,134.6,
129.2, 128.6, 128.3, 127.1, 124.0, 122.2, 122.0, 116.8, 53.3, 42.1. Anal.
Calcd for C23H18N4O: C, 75.39; H, 4.95; N, 15.29. Found: C, 75.58; H,
5.18; N, 15.08.
4.4.2. 10-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)
acridin-9(10H)-one (9b)

Pale yellow crystals; yield: 86%, mp > 250 �C. IR (KBr): 3099,
2924, 1730, 1630, 1598 cm�1. 1H NMR (400 MHz, DMSO-d6): 8.36
(dd, J ¼ 8.0, 1.6 Hz, 2H, H1, H8), 8.23 (s, 1H, triazole), 7.94 (d,
J ¼ 8.0 Hz, 2H, H4, H5), 7.82 (td, J ¼ 8.0, 1.6 Hz, 2H, H3, H6), 7.41 (d,
J ¼ 8.8 Hz, 2H, H30, H50), 7.35 (t, J ¼ 8.0 Hz, 2H, H2, H7), 7.29 (d,
J ¼ 8.8 Hz, 2H, H20, H60), 5.80 (s, 2H, CH2), 5.54 (s, 2H, CH2). 13C NMR
(100 MHz, DMSO-d6): 177.1, 143.3, 142.3, 135.4, 134.7, 133.3, 130.3,
129.2, 127.1, 124.0, 122.2, 122.0, 116.8, 52.5, 42.1. Anal. Calcd for
C23H17ClN4O: C, 68.91; H, 4.27; N, 13.98. Found: C, 69.18; H, 4.43; N,
14.21.

4.4.3. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-2-chloroacridin-
9(10H)-one (9c)

Yellow crystals; yield: 83%, mp 241e242 �C. IR (KBr): 3080, 2919,
2855,1732, 1635, 1598 cm�1. 1H NMR (400MHz, DMSO-d6): 8.36 (d,
J ¼ 8.0 Hz, 1H, H8), 8.26 (s, 1H, H1), 8.22 (s, 1H, triazole), 8.02 (d,
J ¼ 9.0 Hz, 1H, H3), 7.96 (d, J ¼ 9.0 Hz, 1H, H4), 7.85e7.83 (m, 2H, H5,
H6), 7.40e7.25 (m, 6H, Ph, H7), 5.81 (s, 2H, CH2), 5.54 (s, 2H, CH2).
13C NMR (100MHz, DMSO-d6): 176.1,142.9,142.1,141.0,136.4,135.0,
134.3, 129.2, 128.6, 128.3, 127.1, 126.6, 125.7, 124.0, 123.0, 122.4,
122.0, 119.6, 116.9, 53.3, 42.3. Anal. Calcd for C23H17ClN4O: C, 68.91;
H, 4.27; N, 13.98. Found: C, 68.81; H, 4.12; N, 14.16.

4.4.4. 2-Chloro-10-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)
methyl)acridin-9(10H)-one (9d)

Yellow crystals; yield: 79%, mp 243e245 �C. IR (KBr): 3102, 2957,
2855, 1745, 1626, 1595, 1492 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.35 (d, J¼ 8.0 Hz,1H, H8), 8.26 (s, 1H, H1), 8.22 (s, 1H, triazole), 8.02
(d, J ¼ 8.5 Hz, 1H, H3), 7.96 (d, J ¼ 8.5 Hz, 1H, H4), 7.85e7.83 (m, 2H,
H5, H6), 7.43e7.28 (m, 5H, H7, H20, H30, H50, H60), 5.81 (s, 2H, CH2),
5.54 (s, 2H, CH2). 13C NMR (100 MHz, DMSO-d6): 176.1, 143.0, 142.2,
141.0,135.3,135.0,134.3,133.3,130.3,129.2,127.1,126.6,125.7,124.1,
123.0, 122.5, 122.0, 119.6, 116.9, 52.5, 42.3. MSm/z (%) 438 ([Mþ� þ4[ ,

1(,436 ([Mþ�þ2] ,6(,434 (Mþ�, 10), 393 (86), 364 (22), 302 (41), 274
(17), 258 (27), 174 (50), 91 (100). Anal. Calcd for C23H16Cl2N4O: C,
63.46; H, 3.70; N, 12.87. Found: C, 63.31; H, 3.85; N, 12.67.

4.4.5. 2-Chloro-10-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)
methyl)acridin-9(10H)-one (9e)

Yellow crystals; yield: 73%, mp > 250 �C. IR (KBr): 2927, 2842,
1735, 1627, 1594, 1522, 1352 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.35 (dd, J¼ 8.0,1.6 Hz,1H, H8), 8.28 (s, 1H, H1), 8.27 (s,1H, triazole),
8.21 (d, J ¼ 8.8 Hz, 2H, H30, H50), 8.02 (d, J ¼ 9.0 Hz, 1H, H3), 7.96 (d,
J ¼ 9.0 Hz, 1H, H4), 7.87e7.84 (m, 2H, H5, H6), 7.48 (d, J ¼ 8.8 Hz, 2H,
H20, H60), 7.39 (t, J ¼ 8.0 Hz, 1H, H7), 5.84 (s, 2H, CH2), 5.72 (s, 2H,
CH2). 13C NMR (100 MHz, DMSO-d6): 176.1, 147.8, 143.7, 143.1, 142.1,
140.9, 135.1, 134.4, 129.5, 127.2, 126.7, 125.7, 124.5, 124.3, 123.1,
122.5, 122.1, 119.6, 116.9, 52.4, 42.3. Anal. Calcd for C23H16ClN5O3: C,
61.96; H, 3.62; N, 15.71. Found: C, 62.14; H, 3.48; N, 15.55.

4.4.6. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-2-
methoxyacridin-9(10H)-one (9f)

Yellow crystals; yield: 85%, mp 196e197 �C. IR (KBr): 3070, 2923,
2853, 1745, 1630, 1596, 1503 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.35 (d, J ¼ 9.2 Hz, 1H, H8), 8.18 (s, 1H, triazole), 7.96e7.92 (m, 2H,
H4, H5), 7.80e7.76 (m, 2H, H1, H6), 7.46 (dd, J ¼ 9.4, 3.0 Hz, 1H, H3),
7.35e724 (m, 6H, Ph, H7), 5.80 (s, 2H, CH2), 5.53 (s, 2H, CH2), 3.37 (s,
3H, OCH3). 13C NMR (100 MHz, DMSO-d6): 176.5, 154.6, 143.3, 141.8,
137.0, 136.4, 134.3, 129.2, 128.6, 128.3, 127.1, 124.4, 123.9, 122.9,
121.6, 121.4, 118.8, 116.6, 106.6, 55.9, 53.2, 42.1. Anal. Calcd for
C24H20N4O2: C, 72.71; H, 5.09; N, 14.13. Found: C, 72.60; H, 4.85; N,
13.90.
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4.4.7. 10-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-2-
methoxyacridin-9(10H)-one (9g)

Deep yellow crystals; yield: 84%, mp 199e200 �C. IR (KBr): 2923,
2852, 1742, 1630, 1597, 1497 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.36 (dd, J ¼ 7.7, 1.6 Hz, 1H, H8), 8.17 (s, 1H, triazole), 7.96e7.92 (m,
2H, H4, H5), 7.80 (td, J ¼ 7.7, 1.6 Hz, 1H, H6), 7.77 (d, J ¼ 3.0 Hz, 1H,
H1), 7.46 (dd, J¼ 9.4, 3.0 Hz, 1H, H3), 7.41 (d, J¼ 8.4 Hz, 2H, H30, H50),
7.33 (t, J¼ 7.7 Hz,1H, H7), 7.28 (d, J¼ 8.4 Hz, 2H, H20, H60), 5.80 (s, 2H,
CH2), 5.36 (s, 2H, CH2), 3.37 (s, 3H, OCH3). 13C NMR (100 MHz,
DMSO-d6): 176.0, 154.3, 143.5, 137.1, 135.5, 134.3, 130.3, 129.2, 127.2,
124.4, 124.0, 122.5, 122.7, 122.8, 121.7, 111.5, 118.8, 116.6, 106.1, 56.3,
53.1, 43.0. Anal. Calcd for C24H19ClN4O2: C, 66.90; H, 4.44; N, 13.00.
Found: C, 67.11; H, 4.58; N, 12.87.

4.4.8. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-2-
bromoacridin-9(10H)-one (9h)

Yellow crystals; yield: 78%, mp 248e249 �C. IR (KBr): 3077,
2925, 2855,1732,1629,1598,1492 cm�1. 1H NMR (400MHz, DMSO-
d6): 8.40 (s, 1H, H1), 8.34 (d, J¼ 8.0 Hz, 1H, H8), 8.21 (s, 1H, triazole),
7.96e7.94 (m, 3H, H3, H4, H5), 7.83 (t, J ¼ 8.0 Hz, 1H, H6), 7.35e724
(m, 6H, Ph, H7), 5.80 (s, 2H, CH2), 5.53 (s, 2H, CH2). 13C NMR
(100 MHz, DMSO-d6): 176.0, 142.9, 142.1, 141.3, 136.9, 136.4, 135.0,
129.2, 129.0, 128.6, 128.3, 127.1, 124.0, 123.5, 122.5, 122.2, 119.8,
117.0, 114.0, 53.3, 42.2. Anal. Calcd for C23H17BrN4O: C, 62.03; H,
3.85; N, 12.58. Found: C, 61.88; H, 3.72; N, 12.71.

4.4.9. 2-Bromo-10-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)
methyl)acridin-9(10H)-one (9i)

Yellow crystals; yield: 74%, mp 250e251 �C. IR (KBr): 2924, 2851,
1730, 1630, 1597 cm�1. 1H NMR (400 MHz, DMSO-d6): 8.41 (t,
J ¼ 1.6 Hz, 1H, H1), 8.35 (dd, J ¼ 8.0, 1.6 Hz, 1H, H8), 8.21 (s, 1H,
triazole), 7.96e7.94 (m, 3H, H3, H4, H5), 7.84 (td, J ¼ 8.0, 1.6 Hz, 1H,
H6), 7.43 (d, J ¼ 8.4 Hz, 2H, H30, H50), 7.37 (t, J ¼ 8.0 Hz, 1H, H7), 7.30
(d, J ¼ 8.4 Hz, 2H, H20, H60), 5.81 (s, 2H, CH2), 5.54 (s, 2H, CH2). 13C
NMR (100 MHz, DMSO-d6): 176.1, 143.0, 142.1, 141.3, 137.0, 135.6,
135.1, 133.2, 130.3, 129.2, 128.5, 128.9, 127.2, 124.1, 123.5, 122.5,
119.8, 117.0, 114.4, 52.5, 42.2. Anal. Calcd for C23H16BrClN4O: C,
57.58; H, 3.36; N, 11.68. Found: C, 57.36; H, 3.48; N, 11.82.

4.4.10. 2-Bromo-10-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)
methyl)acridin-9(10H)-one (9j)

Yellow crystals; yield: 68%, mp > 250 �C. IR (KBr): 2923, 2853,
1741, 1624, 1594, 1521, 1350 cm�1. 1H NMR (400 MHz, DMSO-d6):
8.41 (t, J ¼ 1.6 Hz, 1H, H1), 8.35 (dd, J ¼ 8.0, 1.6 Hz, 1H, H8), 8.27 (s,
1H, triazole), 8.21 (d, J ¼ 8.8 Hz, 2H, H30, H50), 7.98e7.96 (m, 3H, H3,
H4, H5), 7.85 (td, J ¼ 8.0, 1.6 Hz, 1H, H6), 7.39 (d, J ¼ 8.8 Hz, 2H, H20,
H60), 7.37 (t, J ¼ 8.0 Hz, 1H, H7), 5.84 (s, 2H, CH2), 5.72 (s, 2H, CH2).
13C NMR (100 MHz, DMSO-d6): 175.8, 143.4, 143.2, 142.2, 140.5,
137.4, 131.5, 129.5, 128.7, 128.1, 126.5, 125.3, 124.3, 123.0, 122.4,
122.3, 120.8, 116.8, 114.5, 53.1, 42.1. Anal. Calcd for C23H16BrN5O3: C,
56.34; H, 3.29; N, 14.28. Found: C, 56.14; H, 3.11; N, 14.51.

4.4.11. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-2-
methylacridin-9(10H)-one (9k)

Pale yellow crystals; yield: 89%, mp 231e232 �C. IR (KBr): 3127,
2922, 2854, 1730, 1634, 1597, 1485 cm�1. 1H NMR (400MHz, DMSO-
d6): 8.35 (dd, J ¼ 8.0, 1.6 Hz, 1H, H8), 8.17 (s, 1H, triazole), 8.15 (d,
J ¼ 1.5 Hz, 1H, H1), 7.92 (d, J ¼ 8.0 Hz, 1H, H5), 7.87 (d, J ¼ 8.8 Hz, 1H,
H4), 7.79 (td, J ¼ 8.0, 1.6 Hz, 1H, H6), 7.64 (dd, J ¼ 8.8, 1.5 Hz, 1H, H3),
7.35e725 (m, 6H, Ph, H7), 5.78 (s, 2H, CH2), 5.53 (s, 2H, CH2), 2.44 (s,
3H, CH3). 13C NMR (100 MHz, DMSO-d6): 176.9, 143.3, 142.1, 140.4,
136.4, 136.0, 134.5, 131.2, 129.3, 129.2, 128.6, 128.3, 127.1, 126.3,
123.9, 122.1, 121.7, 116.8, 116.6, 53.2, 42.0, 20.7. Anal. Calcd for
C24H20N4O: C, 75.77; H, 5.30; N, 14.73. Found: C, 75.91; H, 5.17; N,
14.50.
4.4.12. 10-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-2-
methylacridin-9(10H)-one (9l)

Yellow crystals; yield: 78%, mp > 250 �C. IR (KBr): 3050, 2923,
2852, 1735, 1612, 1593 cm�1. 1H NMR (400 MHz, DMSO-d6): 8.35 (d,
J ¼ 7.5 Hz, 1H, H8), 8.17 (s, 1H, triazole), 8.15 (s, 1H, H1), 7.91 (d,
J ¼ 7.5 Hz, 1H, H5), 7.85 (d, J ¼ 8.5 Hz, 1H, H4), 7.79 (t, J ¼ 7.5 Hz, 1H,
H6), 7.64 (d, J ¼ 8.5 Hz, 1H, H3), 7.41 (d, J ¼ 8.4 Hz, 2H, H30, H50), 7.32
(t, J ¼ 7.5 Hz, 1H, H7), 7.28 (d, J ¼ 8.4 Hz, 2H, H20, H60), 5.78 (s, 2H,
CH2), 5.58 (s, 2H, CH2), 2.43 (s, 3H, CH3). 13C NMR (100MHz, DMSO-
d6): 176.1, 143.4, 142.1, 140.4, 136.0, 135.4, 133.3, 131.2, 130.3, 129.3,
129.2, 127.2, 127.1, 126.3, 123.9, 122.1, 121.7, 116.8, 116.6, 52.4, 42.0,
20.6. MS m/z (%) 416 ([Mþ�þ2] ,1(,414 (Mþ�, 3), 486 (22), 471 (30),
425 (16), 401 (28), 379 (18), 358 (20), 324 (26), 231 (20), 215 (73),
188 (43), 159 (40), 174 (100), 132 (98), 105 (33), 91 (99), 77 (87).
Anal. Calcd for C24H19ClN4O: C, 69.48; H, 4.62; N, 13.50. Found: C,
69.31; H, 4.49; N, 13.68.

4.4.13. 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-4-
fluoroacridin-9(10H)-one (9m)

White crystals; yield: 87%, mp 182e184 �C. IR (KBr): 3147, 2928,
1730, 1635, 1605 cm�1. 1H NMR (400 MHz, DMSO-d6): 8.30 (d,
J ¼ 7.6 Hz, 1H, H8), 8.20 (s, 1H, triazole), 8.19 (d, J ¼ 8.0 Hz, 1H, H1),
7.82e7.81 (m, 2H, H5, H6), 7.69 (dd, J ¼ 15.4, 7.6 Hz, 1H, H3),
7.38e7.31 (m, 5H, Ph), 7.25e7.23 (m, 2H, H2, H7), 5.71 (s, 2H, CH2),
5.56 (s, 2H, CH2). 13C NMR (100 MHz, DMSO-d6): 176.7, 151.5 (d, JC-
F ¼ 245.0 Hz), 144.7, 144.0, 136.5, 135.0, 129.2, 128.5, 128.2, 126.9,
125.4, 123.8 (d, JC-F ¼ 4.2 Hz), 123.2 (d, JC-F ¼ 3.6 Hz), 122.7, 122.4 (d,
JC-F ¼ 8.3 Hz), 122.3, 121.7, 121.5, 117.2, 53.2, 47.6 (d, JC-F ¼ 14.7 Hz).
Anal. Calcd for C23H17FN4O: C, 71.86; H, 4.46; N, 14.57. Found: C,
71.70; H, 4.32; N, 14.68.

4.4.14. 10-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-4-
fluoroacridin-9(10H)-one (9n)

White crystals; yield: 88%, mp 208e209 �C. IR (KBr): 3154, 2923,
1735, 1637, 1607 cm�1. 1H NMR (400 MHz, DMSO-d6): 8.30 (d,
J ¼ 8.3 Hz, 1H, H8), 8.22 (s, 1H, triazole), 8.19 (d, J ¼ 7.5 Hz, 1H, H1),
7.81e7.80 (m, 2H, H5, H6), 7.68 (ddd, J¼ 15.5, 7.5,1.6 Hz,1H, H3), 7.41
(d, J ¼ 8.4 Hz, 2H, H30, H50), 7.38e7.31 (m, 2H, H2, H7), 7.28 (d,
J ¼ 8.4 Hz, 2H, H20, H60), 5.71 (s, 2H, CH2), 5.57 (s, 2H, CH2). 13C NMR
(100 MHz, DMSO-d6): 176.5, 151.8 (d, JC-F ¼ 245.1 Hz), 144.8, 144.0,
135.5, 135.0, 133.3, 132.6 (d, JC-F ¼ 5.9 Hz), 130.2, 129.2, 126.9, 125.4,
123.8 (d, JC-F ¼ 4.3 Hz), 123.2 (d, JC-F ¼ 3.0 Hz), 122.7, 122.4 (d, JC-
F ¼ 8.4 Hz), 121.7, 121.5, 117.2, 52.5, 47.6 (d, JC-F ¼ 15.0 Hz). Anal.
Calcd for C23H16ClFN4O: C, 65.95; H, 3.85; N, 13.38. Found: C, 66.15;
H, 3.94; N, 13.12.

4.5. AChE and BChE inhibition assay

Acetylcholinesterase (AChE, E.C. 3.1.1.7, Type V-S, lyophilized
powder, from electric eel, 1000 unit), butylcholinesterase (BChE,
E.C. 3.1.1.8, from equine serum), acetylthiocholine iodide (ATCI), and
5,5-dithiobis-(2-nitrobenzoic acid) (DTNB) were purchased from
SigmaeAldrich. Potassium dihydrogen phosphate, dipotassium
hydrogen phosphate, potassium hydroxide, and sodium hydrogen
carbonate were obtained from Fluka. The solutions of the title
compounds were prepared in a mixture of DMSO (5 ml) and
methanol (5 ml) and diluted in 0.1 M KH2PO4/K2HPO4 buffer (pH
8.0) to obtain final assay concentrations. All experiments were
achieved at 25 �C. Six different concentrations were tested for each
compound in triplicate to obtain the range of 20%e80% inhibition
for AChE.

Tomeasure in vitroAChE activity, modified Ellman'smethodwas
performed [27] using a 96-well plate reader (BioTek ELx808). Each
well contained 50 ml potassium phosphate buffer (KH2PO4/K2HPO4,
0.1 M, pH 8), 25 ml sample dissolved in 50% methanol and 50%
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DMSO and 25 ml enzyme (final concentration 0.22 U/ml in buffer).
They were preincubated for 15 min at room temperature, then
125 ml DTNB (3 mM in buffer) was added. Characterization of the
hydrolysis of ATCI catalyzed by AChE was performed spectro-
metrically at 405 nm followed by the addition of substrate (ATCI
3mM inwater). The change in absorbancewasmeasured at 405 nm
after 15 min. The IC50 values were determined graphically from
inhibition curves (log inhibitor concentration vs. percent of inhi-
bition). A control experiment was performed under the same
conditions without inhibitor and the blank contained buffer, water,
DTNB, and substrate. The described method was also used for BChE
inhibition assay.

4.6. DPPH radical scavenging activity (DPPH)

Antioxidant activity of compounds 9b, 9c, 9f, 9k, and 9m were
assessed using DPPH (1,1-diphenyl-2-picrylhydrazyl) [30]. Several
concentrations of test compounds in DMSO were prepared. The
compound solution (0.5 ml) was added to the methanolic DPPH
solution (1.0 ml, 0.1 mM), and the mixture was kept in the dark for
30 min. Then, the absorbance at 517 nm was measured by an UV/
visible spectrophotometer. The percent scavenging activity was
calculated using the following formula: inhibition
(%) ¼ 100 � [100 � (Abssample � Abscontrol)/Absblank].

4.7. Molecular docking study

Docking studies were carried out using the AUTODOCK 4.2
program. For this purpose, the pdb structure of 1EVE was taken
from the Brookhaven protein database (http://www.rcsb.org) as a
complex bound with inhibitor E2020 (donepezil). Subsequently,
the water molecules and the original inhibitors were removed from
the protein structure. The 3D structure of the compound 9g was
provided using MarvineSketch 5.8.3, 2012, ChemAxon (http://
www.chemaxon.com) and converted to pdbqt coordinate by
AUTODOCK 4.2 program. Also, the autodock format of protein was
provided using the same software. Polar hydrogen atoms were
added to amino acid residues using Autodock Tools (ADT; version
1.5.6), Koullman charges were assigned to all atoms of the enzyme,
and the obtained enzyme structure was used as an input for the
AUTOGRID program. AUTOGRID performed a pre calculated atomic
affinity grid maps for each atom type in the ligand, plus an elec-
trostatics map and a separate desolation map presented in the
substrate molecule. All maps were calculated with 0.375 Å spacing
between grid points. The center of the grid box was placed at the
center of donepezil with coordinates x ¼ 2.023, y ¼ 63.295,
z ¼ 67.062. The dimensions of the active site box were set at
40� 40� 40� A. Flexible ligand docking was accomplished for the
compound 9g. Each docked system was carried out by 100 runs of
the AUTODOCK search by the Lamarckian genetic algorithm (LGA).
Other than the above mentioned parameters, the other parameters
were accepted as default. The lowest energy conformation of
ligandeenzyme complex was considered for analyzing the in-
teractions between AChE and the inhibitor. The results were visu-
alized using Discovery Studio 4.0 Client (Figs. 1 and 2) and Chimera
1.9 (Fig. 3) (Molecular graphics and analyses were performed with
the UCSF Chimera package. Chimera is developed by the Resource
for Biocomputing, Visualization, and Informatics at the University
of California, San Francisco).

4.8. Computational methods

The log P values and tPSA were calculated using the ChemDraw
Ultra 12.0 [33]. The polar surface area (tPSA) was calculated by the
atom-basedmethod. HBD and HBAwere calculated by themeans of
MarvineSketch 5.8.3. RBC was calculated using Autodock Tools (ver.
1.5.4).
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