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A series of tacrine-based pyrazolo[40 ,30:5,6]pyrano[2,3-b]quinolines and related compounds were
designed and synthesized for targeting AChE, BuChE and 15-LOX enzymes in the field of Alzheimer's
disease therapy. Most of compounds showed potent activity against cholinesterases and mild potency
toward 15-LOX enzyme. In particular, compounds 29, 32 and 40 displayed inhibition at nano-molar level
against AChE and BuChE (IC50s ¼ 0.005e0.08 mM), being more potent than reference drug tacrine.
Moreover, compound 32 with IC50 value of 31 mM was the most potent compound against 15-LOX. The
cytotoxicity assay on HepG2 cells revealed that compounds 29 and 32 showed no significant cytotoxic
activity even at concentration of 50 mM. The cytotoxicity of compounds 29 and 32 was significantly less
than that of tacrine at higher concentrations.

© 2016 Elsevier Masson SAS. All rights reserved.
1. Introduction

Alzheimer's disease (AD) is the most common form of dementia
that affects elderly people, resulting in loss of memory, learning
and cognitive functions [1]. It is estimated that there are about 35
million people suffering from AD worldwide. Due to the increase of
average age of the population, it also predicted that the incidence of
AD is significantly rose to 66 million by 2030 [2,3]. This neurode-
generative disease is characterized by an irreversible degeneration
served.
of cholinergic neurons in the central nervous system [4]. The
decline in the cholinergic function of the brain results in the loss of
memory and cognitive functions which is usually accompanied by
behavioral disturbances [5]. The cholinergic hypothesis of memory
dysfunction in patient with AD is the basis for treating this disease
[6]. In particular, the main approach in the AD treatment is the
improvement of cholinergic neurotransmission by inhibiting
acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE). By
increasing the levels of acetylcholine (ACh) in the brain through
inhibition of these enzymes, it is possible to reducing cognitive
decline but not allowing the recovery or stopping the progression
of the disease [7,8].

AD is a complicated disease with different molecular events,
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which could be better managed by agents acting upon more than
one target [1]. Besides cholinergic hypothesis, several evidences
suggest that oxidative stress could play a functional role in the
pathogenesis of AD. In particular, recent works have highlighted
that the 12/15-lipoxygenase (12/15-LOX) metabolic pathways may
contribute to the pathogenesis of this neurodegenerative disorder
[9,10]. The LOX enzymes catalyze the oxidation of poly-unsaturated
fatty acids such as arachidonic acid to hydroperoxy acids, which are
potent pro-oxidant mediators [11,12]. Accordingly, the 12/15-LOX
could be considered as an emerging therapeutic target for AD.

Tacrine, an aminoacridine derivative is a reversible inhibitor of
AChE and BuChE. This compound is the first drug that was
approved by the Food and Drug Administration of United States of
America for clinical use in the treatment of AD. Tacrinewas found to
be hepatotoxic and soon withdrawn from the market [13,14]. Thus
the modification of tacrine core structure was frequently used to
find new compounds with high anti-cholinesterase potency and
acceptable safety. Several modifications concern benzene ring in
tacrine by replacing or annulating with different heterocyclic sys-
tems. For example numerous tacrine analogs, such as coumarin
[15], pyrazolo[3,4-b]quinoline and benzo[b]pyrazolo[4,3-g] [1,8]
naphthyridine [16], and benzochromene [17,18] derivatives have
been reported as multi-targeted AChE inhibitors with regard to
Alzheimer's disease treatment. Furthermore, several multi-target
tacrine-coumarin and tacrine-trolox hybrids have been described
for the treatment of Alzheimer's disease [19,20].

Recently, we designed a series of tacrine-based compounds I
(Fig. 1) by replacing the benzene ring of tacrine with aryl-dihy-
dropyrano[2,3-c]pyrazole [21]. The in vitro biological evaluation of
target compounds I showed that most of them had potent inhibi-
tory activity against AChE at sub-micromolar range. The 3,4-
dimethoxyphenyl derivative (Ar ¼ 3,4-(OMe)2Ph) was the potent
compound, beingmore active than reference drug tacrine. Also, this
compound could significantly protect neurons against oxidative
stress. In continuation of our work, we focused on the structure-
activity relationship study of tacrine analogs bearing aryl-dihy-
dropyrano[2,3-c]pyrazole scaffold, by modification of core struc-
ture and side chains. Thus we report here, the preparation of new
tacrine-based compounds II (Fig. 1) and evaluation of their inhib-
itory activity against AChE, BuChE and 15-LOX.

2. Chemistry

The target compounds 9e40 were synthesized utilizing an
efficient route as illustrated in Scheme 1. The intermediates 5e7
were synthesized via one-pot four-component reaction of b-
ketoester 1, hydrazine derivative 2, malononitrile (3) and appro-
priate aldehyde 4 in the presence of (S)-proline in aqueous media
under ultrasonic irradiation for 10e30 min (Table 1) [21]. The
cyclocondensation of the obtained pyrano[2,3-c]pyrazoles 5e7 and
cyclic ketone 8 in the presence of AlCl3 in dry 1,2-dichloroethane
under reflux gave final compounds 9e40. The results are given in
Table 2. It should be noted that the pyranopyridines 9e40 were
exclusively isolated in the reaction condition with no detectable
byproducts.
Fig. 1. Structures of tacrine and tacri
3. Results and discussion

3.1. AChE inhibitory activity

The inhibitory activity of target compounds was evaluated
in vitro against AChE and the obtained IC50 values were presented
in Table 3. The results revealed that most tested compounds had
remarkable anti-AChE activity (IC50 values < 2 mM). In particular, 3-
propyl derivatives 10, 16, 19, 20, 3-phenyl derivatives 28, 29, 31, 32,
36, and 3-(furan-2-yl) analogs 39, and 40 showed comparable or
superior activity respect to the reference drug tacrine. Among
them, compound 29 with IC50 value of 0.034 mM was 6-fold more
potent than tacrine. From a SAR point of view, compounds bearing
R1 ¼ Pr or Ph and R3 ¼ 4-MeO-Ph or 4-F-Ph showed the best
inhibitory activity against AChE. The effect of ring expansion
(alteration of X ¼ CH2 to X ¼ CH2CH2) depended on the type of
substituents. For example, ring expansion in compound 10 resulted
in compound 25 with diminished activity. In contrast, the cyclo-
heptane analog 36 was more active than compound 28 containing
six-membered ring. The comparison of compounds possessing
X ¼ S with X ¼ CH2 revealed that bioisoesteric replacement of CH2

by S could not improve the AChE inhibitory activity. While the N-
phenylpyrazole analog 35 showed no activity against AChE but N-
phenylpyrazole derivative 40 bearing R1 ¼ 2-furyl moiety was a
potent compound. The presence of isopropyl group (compound 34)
instead of aryl moiety at R3 had negative effect on the anticholin-
esterase activity. In the compounds with phenyl moiety at R3, the
presence of 4-methoxy group on the phenyl ring was favorable for
inhibitory activity. However, introduction of additional methoxy
groups (3,4-dimethoxy or 3,4,5-trimethoxy patterns) led to
decrease of the activity against AChE. These findings demonstrated
that introduction of suitable substituents at R1, R2 and R3 can
modulate the anti-AChE activity of the basic structure.

3.2. BuChE inhibitory activity

The in vitro effect of target compounds toward BuChE was
similarly evaluated and the results were listed in Table 3 as IC50
values (mM). All tested compounds with the exception of tri-phenyl
derivative 35 (R1 ¼ R2 ¼ R3 ¼ Ph) showed potent activity against
BuChE (IC50 values � 0.570 mM). Among them, compounds 10, 19,
20, 28, 29, 32, 36, and 40weremore potent than tacrine. The 2-furyl
derivative 40 (R1 ¼ 2-furyl) with IC50 value of 0.005 mM was the
most potent compound against BuChE. In the propyl series (com-
pounds 9e27, R1¼ Pr), the 4-methoxyphenyl derivative 19 found to
be the most potent compound (IC50 ¼ 0.006 mM). In the case of
phenyl derivatives (28e38, R1 ¼ Ph), compounds 29 and 32 (4-
fluorophenyl and 4-methoxyphenyl derivatives, respectively)
showed superior activity against BuChE. The replacement of
X ¼ CH2 with X ¼ CH2CH2 or S had no favorable effect on inhibitory
activity.

As observed in Table 3, the IC50 values of compound 9e40 as
well as reference drug tacrine against BuChE were significantly less
than those against AChE. The selectivity indexes (SIs) for BuChE
over AChE were in the range of 4.0e35.3. The highest selectivity for
ne-derived compounds I and II.



Scheme 1. Synthetic route to compounds 9e40. Reagents and conditions: (i) (S)-proline (10% mol), water, ultrasonic irradiation, 10e30 min; (ii) AlCl3 (1.5 equiv.), dry 1,2-
dichloroethane, reflux, 24 h.
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BuChE was observed with compound 13. Notably, the promising
anticholinesterase (compound 29) showed low selectivity (SI¼ IC50
AChE/IC50 BuChE ¼ 4.9).
Table 1
The substrates, products and yields in the synthesis of pyrano[2,3-c]pyrazoles 5e7.

Entry Ethyl b-ketoester Hydrazine

1 1a 2a
2 1a 2a
3 1a 2a
4 1a 2a
5 1a 2a
6 1a 2a
7 1a 2a
8 1a 2a
9 1a 2a
10 1a 2a
11 1a 2a
12 1a 2a
13 1a 2a
14 1a 2a
15 1a 2a
16 1b 2a
17 1b 2a
18 1b 2a
19 1b 2a
20 1b 2a
21 1b 2a
22 1b 2a
23 1b 2b
24 1c 2a
25 1c 2b

a Isolated yield.
3.3. 15-LOX inhibitory activity

All title compounds 9e40 were tested against 15-LOX enzyme
and the obtained results were shown in Table 3. All compounds
with the exception of 29, 30 and 35 exhibited mild activity against
Aldehyde Product Yield (%)a

4a 5a 94
4b 5b 87
4c 5c 90
4d 5d 95
4e 5e 93
4f 5f 86
4g 5g 89
4h 5h 91
4i 5i 79
4k 5j 88
4l 5k 90
4m 5l 92
4n 5m 93
4o 5n 91
4p 5o 89
4a 6a 87
4b 6b 81
4e 6c 83
4h 6d 80
4j 6e 92
4k 6f 90
4q 6g 79
4a 6h 77
4a 7a 91
4a 7b 84



Table 2
Synthesis of compounds 9e40.

Entry 6-Amino-2,4-dihydropyrano [2,3-c]pyrazole (5e7) Cyclic ketone (8) Product Yield (%)a

1 5a 8a 9 87
2 5j 8a 10 93
3 5k 8a 11 87
4 5l 8a 12 92
5 5m 8a 13 90
6 5n 8a 14 93
7 5o 8a 15 84
8 5b 8a 16 89
9 5c 8a 17 82
10 5d 8a 18 84
11 5e 8a 19 88
12 5f 8a 20 85
13 5g 8a 21 89
14 5h 8a 22 87
15 5i 8a 23 81
16 5a 8b 24 85
17 5j 8b 25 86
18 5j 8c 26 89
19 5b 8c 27 86
20 6a 8a 28 92
21 6e 8a 29 94
22 6f 8a 30 90
23 6b 8a 31 82
24 6c 8a 32 89
25 6d 8a 33 79
26 6g 8a 34 88
27 6h 8a 35 81
28 6a 8b 36 86
29 6f 8b 37 81
30 6f 8c 38 77
31 7a 8a 39 90
32 7b 8a 40 83

a Isolated yield.
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15-LOX. Compounds 13 and 32 showed the highest activity against
this enzyme (IC50 ¼ 31 mM). However, their anti-15-LOX activity
was less than that of quercetin as reference compound
(IC50 ¼ 18 mM). Most of active compounds had IC50 values in the
close range of 31e45 mM, indicating the resistance of activity to the
changes of the structure.

3.4. Molecular docking study

Since the most of compounds exhibited potent inhibition
against cholinesterases, therefore the computational studies to
determine the putative binding modes were done on both AChE
and BuChE. The X-ray structures of Torpedo californica AChE (1ACJ)
and human BuChE (4BDS) in complex with tacrine were chosen as
template structures for docking studies. The latest version of
Autodock was used and the entire active site was kept rigid during
docking process. The putative binding mode of compound 29 (as a
representative compound) in the binding sites of AChE and BuChE
were depicted in Figs. 2 and 3, respectively.

As shown in Fig. 2, the hydrogen bond and the van der Waals
forces are themain intramolecular interactions between compound
29 and AChE. The pyrazole fragment of the molecule was involved
in hydrogen binding with Glu199, one of the catalytic triad resi-
dues, and Tyr130 as well. Moreover, a p-p stacking between pyr-
azole and Trp84 was detected. Similarly, Trp84 made another p-p
stacking with pyridine ring that facilitates tight binding of com-
pound 29 to the receptor. According to the docking results, the 4-
fluorophenyl substituent attached to the pyran ring, positioned
towards oxyanion hole and made amide-p stacking with Gly119.
Finally, the cyclohexyl moiety was fitted in the hydrophobic pocket
constructed by Trp84, Trp432, Phe330 and Ile439.

As depicted in Fig. 3, the hydrogen bond and the van der Waals
forces are themain intramolecular interactions between compound
29 and BuChE. Two key residues of the binding site Ser198 and
Trp82 are involved in binding with ligand through hydrogen bond
and T-shape p-p interaction, respectively. Moreover an additional
hydrogen bonding was observed between Asp70 and pyrazole ring.
The phenyl ring attached to pyrazole ring made T-shape p-p
interaction with Trp82 and additional H-p interaction with Ala328.
The pyridine core substructure is in the T-shape p-p interaction
with the Phe329 residue. In this orientation, the aliphatic cyclo-
hexyl fragment is directed into a lipophilic pocket formed by resi-
dues Leu286, Val288 and Trp231. These features could explain why
these compounds strongly inhibit BuChE.



Table 3
Inhibitory activity of synthesized compound 9e40 against AChE, BuChE and 15-LOX.

Compound X R1 R2 R3 IC50 (mM) AChE IC50 (mM) BuChE SIb IC50 (mM) 15-LOX

9 CH2 Pr H Ph
ea e e 34

10 CH2 Pr H 4-Cl-Ph 0.200 0.010 20 45
11 CH2 Pr H 3-Br-Ph 0.472 0.015 31.5 39
12 CH2 Pr H 4-Br-Ph e e e 44

13 CH2 Pr H 3-NO2-Ph 0.423 0.012 35.3 31
14 CH2 Pr H 4-NO2-Ph 0.744 0.029 25.7 39
15 CH2 Pr H 4-CN-Ph 0.954 0.037 25.8 37
16 CH2 Pr H 4-Me-Ph 0.120 0.013 9.2 54
17 CH2 Pr H 2-MeO-Ph 0.471 0.018 26.2 41
18 CH2 Pr H 3-MeO-Ph e e e 43

19 CH2 Pr H 4-MeO-Ph 0.052 0.006 8.7 42
20 CH2 Pr H 4-MeS-Ph 0.201 0.008 25.13 35
21 CH2 Pr H 3,4-(MeO)2-Ph 1.470 0.365 4.0 41
22 CH2 Pr H 3,4,5-(MeO)3-Ph 0.900 0.042 21.4 45
23 CH2 Pr H 4-(Me)2N-Ph 0.347 0.024 14.5 67
24 CH2CH2 Pr H Ph 0.650 0.043 15.1 43
25 CH2CH2 Pr H 4-Cl-Ph 1.060 0.075 14.1 34
26 S Pr H 4-Cl-Ph 0.300 0.015 20 38
27 S Pr H 4-Me-Ph 1.030 0.073 14.1 51
28 CH2 Ph H Ph 0.140 0.008 17.5 53
29 CH2 Ph H 4-F-Ph 0.034 0.007 4.9 >100
30 CH2 Ph H 4-Cl-Ph 0.260 0.021 12.4 >100
31 CH2 Ph H 4-Me-Ph 0.098 0.011 8.9 59
32 CH2 Ph H 4-MeO-Ph 0.081 0.007 11.6 31
33 CH2 Ph H 3,4,5-(MeO)3-Ph 1.030 0.065 15.9 42
34 CH2 Ph H Isopropyl 15.00 0.570 26.3 89
35 CH2 Ph Ph Ph >200 >200 e >100

36 CH2CH2 Ph H Ph 0.054 0.009 6.0 53
37 CH2CH2 Ph H 4-Cl-Ph 1.920 0.077 24.9 37
38 S Ph H 4-Cl-Ph 0.450 0.030 15.0 56
39 CH2 2-Furyl H Ph 0.100 0.015 6.7 67
40 CH2 2-Furyl Ph Ph 0.072 0.005 14.4 67
Tacrine 0.221 0.012 18.4 e

Quercetin e e e 18

a Not tested.
b Selectivity index (IC50 AChE/IC50 BuChE).

Fig. 2. The putative binding mode of compound 29 in the binding site of AChE. Fig. 3. The putative binding mode of compound 29 in the binding site of BuChE.
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Fig. 4. Left: Lineweavere-Burk plot for the inhibition of AChE by compound 29 at different concentrations of substrate (ATCh), Right: Secondary plot for calculation of steady-state
inhibition constant (Ki) of compound 29.

Table 4
Physicochemical properties and BBB permeability of compound 9e40.

Compound ClogP LogD PSA
(Å2)

MW N þ O Total H-bonds [ClogP-(N þ O)] BBB Penetration Probability

9 4.40 4.40 76.82 360.46 5 5 �0.60 þ 0.963
10 5.31 5.31 76.82 394.90 5 5 0.39 þ 0.946
11 5.06 5.06 76.82 439.36 5 5 0.09 þ 0.940
12 5.06 5.06 76.82 439.36 5 5 0.09 þ 0.940
13 4.00 4.00 122.64 404.46 8 5 �3.00 þ 0.809
14 4.00 4.00 122.64 404.46 8 5 �3.00 þ 0.809
15 4.23 4.23 100.61 385.47 6 5 �1.77 þ 0.948
16 4.89 4.89 76.82 374.49 5 5 �0.11 þ 0.957
17 4.47 4.47 86.05 390.48 6 5 �1.53 þ 0.957
18 4.47 4.47 86.05 390.48 6 5 �1.53 þ 0.957
19 4.47 4.47 86.05 390.48 6 5 �1.53 þ 0.957
20 4.95 4.95 76.82 406.55 5 5 �0.05 þ 0.937
21 4.24 4.24 95.28 420.51 7 7 �2.76 þ 0.834
22 3.97 3.97 104.51 450.54 8 8 �4.03 þ 0.664
23 4.89 4.89 80.06 403.53 6 6 �1.11 þ 0.863
24 4.70 4.70 76.82 374.48 5 5 �0.30 þ 0.964
25 5.33 5.33 76.82 408.93 5 5 0.33 þ 0.949
26 4.88 4.88 76.82 412.94 5 5 �0.12 þ 0.938
27 4.58 4.58 76.82 392.52 5 5 �0.42 þ 0.950
28 4.70 4.70 76.82 394.48 5 5 �0.30 þ 0.983
29 4.81 4.81 76.82 412.47 5 5 �0.19 þ 0.982
30 5.14 5.14 76.82 428.92 5 5 0.14 þ 0.976
31 5.14 5.14 76.82 408.50 5 5 0.14 þ 0.975
32 4.64 4.64 86.05 424.50 6 6 �0.36 þ 0.975
33 4.31 4.31 104.51 484.55 8 8 �0.69 þ 0.772
34 4.48 4.48 76.82 360.46 5 5 �0.52 þ 0.948
35 6.09 6.09 65.96 470.58 5 5 1.09 þ 0.989
36 4.99 4.99 76.82 408.50 5 5 0.01 þ 0.984
37 5.41 5.41 76.82 442.95 5 5 0.41 þ 0.978
38 4.76 4.76 76.82 446.96 5 5 �0.24 þ 0.9666
39 3.95 3.95 89.96 384.44 6 6 �2.05 þ 0.983
40 5.31 5.31 79.10 460.54 6 6 0.31 þ 0.990

Table 5
In vitro cytotoxicity of compounds 29, 32, and 40 on HepG2 cell line.

Compound Viability (%)

1 mM 5 mM 10 mM 25 mM 50 mM 100 mM 300 mM

29 100.6 ± 0.8 100.5 ± 0.8 100.1 ± 0.6 99.7 ± 0.2 98.4 ± 0.5 89.9 ± 0.1* 73.4 ± 0.2**

32 99.1 ± 0.6 99.4 ± 0.6 99.7 ± 0.4 99.7 ± 0.6 98.2 ± 0.9 85.6 ± 1.3** 71.3 ± 0.3**

40 99.6 ± 0.1 95.8 ± 0.7 90.3 ± 1.0* 85.0 ± 0.5** 81.4 ± 1.0** 75.7 ± 1.2** 67.4 ± 0.8**

Tacrine 92.9 ± 0.6* 89.0 ± 0.8** 74.6 ± 0.7** 70.1 ± 0.5** 64.2 ± 0.6** 56.0 ± 0.5** 40.8 ± 1.0**

Data are expressed as themean ± SEM of three independent replicates. The significant (**p� 0.01, *p� 0.05) values with respect to control groupwere obtained after one-way
ANOVA analysis followed by Newman-Keuls post hoc test.
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3.5. Kinetic study of AChE inhibition

The most active derivative against AChE (compound 29) was
selected for kinetic studies. For this purpose, the rate of enzyme
activity was measured at four different concentrations of com-
pound 29 as an inhibitor (0, 0.069, 0.206 and 0.618 mM) in the
presence of different concentrations of substrate (acetylthiocholine
iodide, ATCh). For each inhibitor concentration, the initial velocity
was measured at different substrate concentrations (S) and the
reciprocal of the initial velocity (1/v) was plotted versus the
reciprocal of substrate concentration (1/[s]). As depicted in Fig. 4,
the obtained double reciprocal (Lineweavere-Burk) plot showed a
mixed-type inhibition pattern for compound 29. The Ki value was
also calculated using the secondary plot as shown in Fig. 4
(Ki ¼ 0.49 mM). All experiments performed as same as cholines-
terase inhibition test described in experimental section.

3.6. Prediction of blood-brain barrier (BBB) penetration

In order to predict the BBB permeability of the target com-
pounds 9e40, the admetSAR server (http://lmmd.ecust.edu.cn:
8000/predict/) [22] was used. Furthermore, the Clark's criteria
[23] was used to confirm the obtained data. The molecular de-
scriptors were calculated by MedChem Designer (TM) version
3.1.0.30. Regarding the obtained data (Table 4), all the compounds
had good BBB permeability but their extents were different relating
to their structure.

3.7. Cytotoxicity on HepG2 cells

The MTT cell viability assay was applied for cytotoxicity deter-
mination. The obtained results from cytotoxicity evaluation of the
most active compounds 29, 32, and 40 against HepG2 cell line was
summarized in Table 5. In general, the cytotoxic activity of all tested
compounds was lower compared to that of tacrine (Table 5). The
viability percent of HepG2 cells was not significantly altered in the
presence of compounds 29 and 32 (even at concentration of 50 mM)
compared to thatof controlwhile tacrinedecreased the viability into
64.2% (p� 0.01) at the same concentration. In the case of compound
40 (50 mM) the viability percent was found to be 81.4% which was
higher than that of tacrine. In general, the selected compounds
showed less toxicity on HepG2 cells compared to Tacrine.

4. Conclusion

We have synthesized a series of tacrine-based pyrazolo
[40,30:5,6]pyrano [2,3-b]quinolines and related compounds target-
ing AChE, BuChE and 15-LOX enzymes in the field of Alzheimer's
disease therapy. The SAR of designed compounds was studied by
introducing poly-functionality on the core structure particularly on
the pyrazolopyran scaffold. Most of compounds showed potent
activity against cholinesterases and mild potency toward 15-LOX
enzyme. Representatively, compounds 29, 32 and 40 displayed
inhibition at nano-molar level against AChE and BuChE
(IC50s ¼ 0.005e0.08 mM), being more potent than reference drug
tacrine. Moreover, compound 32 with IC50 value of 31 mM was the
most potent compound against 15-LOX. The SAR studies revealed
that the tetracyclic core structure has adequate tolerability for
multi-functional substitutions in order to modulate their action on
multi-targets useful in the AD therapy.

5. Experimental

All starting materials were commercial products, and were used
without further purification with the exception of liquid aldehydes
which were purified by using standard procedures prior to use.
Nuclear magnetic resonance spectra were obtained on a FT-NMR
Bruker Ultra Shield™ (500 MHz for 1H and 125 MHz for 13C) or
Bruker DRX-400 AVANCE (400 MHz for 1H and 100 MHz for 13C)
instruments in DMSO-d6 using TMS as a standard. Mass spectra
were obtained on an Agilent Technology (HP), 5973 Network Mass
Selective Detector and Agilent Technology (HP), 5973 Network
Mass Selective Detector at ionization potential of 70 eV. FT-IR
spectra were recorded using KBr disks on a Bruker Vector-22
infrared spectrometer and absorptions were reported as wave
numbers (cm�1). Elemental analyses were carried out by a CHN-
Rapid Heraeus elemental analyzer. The results of elemental ana-
lyses (C, H, N) were within ±0.4% of the calculated values.

5.1. General procedure for the preparation of intermediates 5e7

In a 100 mL round bottom flask, a mixture of hydrazine hydrate/
phenyl hydrazine (1, 12 mmol), b-ketoester (2, 10 mmol), malono-
nitrile (3, 10 mmol), (S)-proline (10% mol) and water (20 mL) were
taken and the mixture was irradiated in the ultrasonic bath for
2 min. Afterward, appropriate aldehyde (4, 10 mmol) was added to
the mixture and the mixture was irradiated for 10e30 min. Prog-
ress of the reaction was monitored by TLC. After completion of the
reaction, the precipitated solid was filtered and recrystallized from
ethanol.

5.2. General procedure for the preparation of final compounds
9e40

Aluminum chloride (1.5 equiv.) was suspended in dry 1,2-
dichloroethane (10 mL) at room temperature under argon atmo-
sphere. After stirring the suspension for a few minutes, the corre-
sponding pyrano[2,3-c]pyrazole (5e7, 1 equiv.) and ketone 8 (1.5
equiv.) were added to the mixture and the reaction mixture was
heated under reflux for 24 h. Progress of the reaction was moni-
tored by TLC. After completion of the reaction, an aqueous solution
of sodium hydroxide (10%) was added dropwise to the mixture
until the aqueous solution became basic. After stirring for 30 min,
the precipitatewas filtered andwashedwithwater. The structure of
new products was determined by their physical and spectroscopic
specifications and their purity was confirmed by elemental
analyses.

5.2.1. 4-Phenyl-3-propyl-2,4,6,7,8,9-hexahydropyrazolo[40,30:5,6]
pyrano[2,3-b]quinolin-5-amine (9)

Yield 87%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3474 and 3361 (NH2), 1580 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.86 (brs, 1H, NH), 7.25e7.22 (m, 4H, phenyl), 7.12e7.10 (m, 1H,
phenyl), 5.38 (brs, 2H, NH2), 5.19 (s, 1H, H4), 2.57 (m, 2H, CH2),
2.33e2.18 (m, 4H, 2CH2), 1.70e1.69 (m, 4H, 2CH2),1.39e1.25 (m, 2H,
CH2), 0.69 (brs, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) d: 156.3,
155.5, 152.4, 152.0, 145.5, 139.1, 128.3, 127.4, 126.2, 111.9, 99.5, 98.7,
34.2, 32.0, 26.3, 22.9, 22.3, 22.1, 21.2, 13.3; Anal. Calcd for
C22H24N4O: C, 73.31; H, 6.71; N, 15.54. Found: C, 73.04; H, 6.42; N,
15.62.

5.2.2. 4-(4-Chlorophenyl)-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (10)

Yield 93%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3500
and 3403 (NH2),1578 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.88
(brs, 1H, NH), 7.25 (brs, 4H, phenyl), 5.43 (brs, 2H, NH2), 5.22 (s, 1H,
H4), 2.55e2.53 (m, 2H, CH2), 2.31e2.12 (m, 4H, 2CH2), 1.67e1.65 (m,
4H, 2CH2), 1.42e1.26 (m, 2H, CH2), 0.69 (t, J ¼ 7.5 Hz, 3H, CH3); 13C
NMR (DMSO-d6, 125 MHz) d: 157.2, 156.3, 153.3, 152.9, 145.4, 140.0,
131.5, 130.1, 129.1, 112.9, 100.0, 99.2, 34.3, 32.9, 27.2, 23.8, 23.2, 23.0,
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22.1, 14.2; MS (m/z, %): 394 (Mþ, 32), 396 (Mþ2,11), 350 (7), 282
(100), 253 (11); Anal. Calcd for C22H23ClN4O: C, 66.91; H, 5.87; N,
14.19. Found: C, 66.73; H, 5.99; N, 14.30.

5.2.3. 4-(3-Bromophenyl)-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (11)

Yield 87%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3412
and 3353 (NH2),1580 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.94
(brs, 1H, NH), 7.52 (s, 1H, phenyl), 7.33e7.31 (m, 1H, phenyl),
7.19e7.18 (m, 2H, phenyl), 5.51 (brs, 2H, NH2), 5.25 (s, 1H, H4), 2.58
(brs, 2H, CH2), 2.38e2.16 (m, 4H, 2CH2), 1.71e1.69 (m, 4H, 2CH2),
1.46e1.21 (m, 2H, CH2), 0.71 (t, J ¼ 7.5 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125MHz) d: 156.3, 155.4,152.5, 152.0, 148.3, 139.2, 130.6,
130.0, 129.1, 126.5, 121.4, 112.1, 99.0, 98.1, 33.6, 32.0, 26.3, 22.9, 22.3,
22.1, 21.3, 13.4; Anal. Calcd for C22H23BrN4O: C, 60.14; H, 5.28; N,
12.75. Found: C, 60.43; H, 5.07; N, 12.92.

5.2.4. 4-(4-Bromophenyl)-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (12)

Yield 92%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3501 and 3403 (NH2), 1579 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.91 (brs, 1H, NH), 7.41 (d, J ¼ 8.0 Hz, 2H, phenyl), 7.22 (d,
J ¼ 8.0 Hz, 2H, phenyl), 5.45 (brs, 2H, NH2), 5.24 (s, 1H, H4),
2.58e2.56 (m, 2H, CH2), 2.34e2.16 (m, 4H, 2CH2), 1.70e1.69 (m, 4H,
2CH2), 1.48e1.29 (m, 2H, CH2), 0.73 (t, J¼ 7.5 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 156.3, 155.4, 152.4, 152.0, 144.9, 139.1, 131.1,
129.6, 119.1, 112.0, 99.0, 98.3, 33.4, 32.0, 26.3, 22.9, 22.3, 22.1, 21.2,
13.3; Anal. Calcd for C22H23BrN4O: C, 60.14; H, 5.28; N, 12.75.
Found: C, 60.02; H, 5.41; N, 12.98.

5.2.5. 4-(3-Nitrophenyl)-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (13)

Yield 90%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3376
and 3233 (NH2), 1578 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.00 (brs, 1H, NH), 8.30 (s, 1H, phenyl), 8.01 (d, J ¼ 7.5 Hz, 1H,
phenyl), 7.60 (d, J ¼ 7.0 Hz, 1H, phenyl), 7.53 (d, J ¼ 7.0 Hz, 1H,
phenyl), 5.63 (brs, 2H, NH2), 5.48 (s, 1H, H4), 2.58e2.56 (m, 2H,
CH2), 2.33e2.14 (m, 4H, 2CH2), 1.71e1.69 (m, 4H, 2CH2), 1.45e1.25
(m, 2H, CH2), 0.69 (t, J ¼ 7.0 Hz, 3H, CH3); 13C NMR (DMSO-d6,
125MHz) d: 156.4, 155.4, 152.7, 152.1, 147.8, 147.4, 139.3, 134.1, 130.0,
121.8, 121.4, 112.2, 98.7, 97.9, 33.4, 32.0, 26.3, 22.9, 22.2, 22.0, 21.2,
13.3; Anal. Calcd for C22H23N5O3: C, 65.17; H, 5.72; N, 17.27. Found:
C, 65.05; H, 5.56; N, 17.41.

5.2.6. 4-(4-Nitrophenyl)-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (14)

Yield 93%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3503 and 3407 (NH2),1580 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
12.00 (brs, 1H, NH), 8.14 (d, J ¼ 8.5 Hz, 2H, phenyl), 7.55 (d,
J ¼ 8.5 Hz, 2H, phenyl), 5.58 (brs, 2H, NH2), 5.48 (s, 1H, H4),
2.59e2.57 (m, 2H, CH2), 2.35e2.14 (m, 4H, 2CH2), 1.71e1.68 (m, 4H,
2CH2), 1.50e1.30 (m, 2H, CH2), 0.73 (t, J¼ 7.0 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 155.4, 153.1, 152.8, 152.1, 145.9, 139.4, 128.6,
123.6, 112.2, 98.4, 97.8, 33.7, 32.0, 26.3, 22.9, 22.3, 22.1, 21.2, 13.3;
Anal. Calcd for C22H23N5O3: C, 65.17; H, 5.72; N, 17.27. Found: C,
65.29; H, 5.56; N, 17.46.

5.2.7. 4-(5-Amino-3-propyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-4-yl)benzonitrile (15)

Yield 84%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3505
and 3408 (NH2),1581 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.97
(brs, 1H, NH), 7.71 (d, J ¼ 8.0 Hz, 2H, phenyl), 7.46 (d, J ¼ 8.0 Hz, 2H,
phenyl), 5.54 (brs, 2H, NH2), 5.38 (s, 1H, H4), 2.58e2.56 (m, 2H,
CH2), 2.33e2.14 (m, 4H, 2CH2), 1.71e1.69 (m, 4H, 2CH2), 1.47e1.29
(m, 2H, CH2), 0.70 (t, J ¼ 7.5 Hz, 3H, CH3); 13C NMR (DMSO-d6,
125MHz) d: 156.4, 155.5, 152.7, 152.1, 151.1, 139.3, 132.3,128.4,118.8,
112.1, 109.0, 98.6, 98.0, 34.0, 32.0, 26.3, 22.9, 22.3, 22.1, 21.2, 13.3;
Anal. Calcd for C23H23N5O: C, 71.67; H, 6.01; N, 18.17. Found: C,
71.83; H, 5.81; N, 18.35.

5.2.8. 3-Propyl-4-(p-tolyl)-2,4,6,7,8,9-hexahydropyrazolo[40,30:5,6]
pyrano[2,3-b]quinolin-5-amine (16)

Yield 89%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3496
and 3399 (NH2),1578 (C]N); 1H NMR (DMSO-d6, 400MHz) d: 11.92
(brs, 1H, NH), 7.13 (d, J ¼ 7.6 Hz, 2H, phenyl), 7.02 (d, J ¼ 7.6 Hz, 2H,
phenyl), 5.35 (brs, 2H, NH2), 5.13 (s, 1H, H4), 2.57e2.53 (m, 2H, CH2),
2.33e2.28 (m, 4H, CH2), 2.19 (s, 3H, CH3-phenyl), 1.70e1.68 (m, 4H,
2CH2), 1.46e1.23 (m, 2H, CH2), 0.72 (t, J¼ 7.2 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 100 MHz) d: 156.7, 155.9, 152.6, 152.4, 142.9, 139.6, 135.6,
129.3, 127.8, 112.4, 100.0, 99.3, 34.3, 32.4, 26.8, 23.3, 22.8, 22.6, 21.7,
21.0, 13.9; MS (m/z, %): 374 (Mþ, 48), 331 (13), 283 (100), 254 (20);
Anal. Calcd for C23H26N4O: C, 73.77; H, 7.00; N, 14.96. Found: C,
73.82; H, 6.92; N, 14.82%.

5.2.9. 4-(2-Methoxyphenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (17)

Yield 82%; Cream solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3479
and 3386 (NH2),1581 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.85
(brs, 1H, NH), 7.14 (d, J ¼ 7.0 Hz, 1H, phenyl), 7.03 (d, J ¼ 7.5 Hz, 1H,
phenyl), 6.90e6.70 (m, 2H, phenyl), 5.33 (s, 1H, H4), 5.20 (brs, 2H,
NH2), 3.91 (s, 3H, OCH3), 2.57e2.53 (m, 2H, CH2), 2.25e2.20 (m, 4H,
2CH2), 1.70e1.68 (m, 4H, 2CH2), 1.28e1.13 (m, 2H, CH2), 0.62 (brs,
3H, CH3); 13C NMR (DMSO-d6, 125MHz) d: 156.7, 155.5, 154.8, 152.0,
151.7, 139.0, 132.8, 129.6, 127.6, 121.4, 111.7, 110.8, 99.2, 98.7, 55.8,
31.9, 26.8, 26.3, 22.8, 22.3, 22.1, 21.1, 13.3; Anal. Calcd for
C23H26N4O2: C, 70.75; H, 6.71; N, 14.35. Found: C, 70.96; H, 6.83; N,
14.21.

5.2.10. 4-(3-Methoxyphenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (18)

Yield 84%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3494 and 3363 (NH2),1585 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.87 (brs, 1H, NH), 7.13 (d, J ¼ 7.5 Hz, 1H, phenyl), 6.93 (s, 1H,
phenyl), 6.73 (d, J ¼ 7.5, Hz, 1H, phenyl), 6.70 (d, J ¼ 7.5 Hz, 1H,
phenyl), 5.40 (brs, 2H, NH2), 5.16 (s, 1H, H4), 3.68 (s, 3H, OCH3),
2.58e2.56 (m, 2H, CH2), 2.36e2.17 (m, 4H, 2CH2), 1.72e1.69 (m, 4H,
2CH2), 1.44e1.24 (m, 2H, CH2), 0.72 (t, J ¼ 7.0 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 159.0, 156.3, 155.5, 152.3, 152.1, 147.0, 139.2,
129.5, 119.7, 113.9, 111.9, 110.8, 99.3, 98.5, 54.9, 34.2, 32.0, 26.4, 22.9,
22.3, 22.1, 21.3, 13.4; Anal. Calcd for C23H26N4O2: C, 70.75; H, 6.71;
N, 14.35. Found: C, 70.57; H, 6.43; N, 14.11.

5.2.11. 4-(4-Methoxyphenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (19)

Yield 88%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3496
and 3400 (NH2),1578 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.84
(brs, 1H, NH), 7.16 (d, J ¼ 8.0 Hz, 2H, phenyl), 6.78 (d, J ¼ 8.0 Hz, 2H,
phenyl), 5.36 (brs, 2H, NH2), 5.12 (s, 1H, H4), 3.67 (s, 3H, OCH3),
2.57e2.53 (m, 2H, CH2), 2.34e2.15 (m, 4H, 2CH2), 1.70e1.68 (m, 4H,
2CH2), 1.45e1.23 (m, 2H, CH2), 0.72 (t, J¼ 7.5 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 157.5, 156.3, 155.4, 152.1, 152.0, 139.0, 137.5,
128.4, 113.6, 111.9, 99.7, 98.9, 54.9, 33.4, 32.0, 26.3, 22.9, 22.4, 22.1,
21.3, 13.4; Anal. Calcd for C23H26N4O2: C, 70.75; H, 6.71; N, 14.35.
Found: C, 70.96; H, 6.79; N, 14.11.

5.2.12. 4-(4-(Methylthio)phenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (20)

Yield 85%; Light yellow solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3496 and 3402 (NH2), 1576 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.87 (brs,1H, NH), 7.20 (d, J¼ 8.0 Hz, 2H, phenyl), 7.11 (d, J¼ 8.0 Hz,
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2H, phenyl), 5.39 (brs, 2H, NH2), 5.17 (s, 1H, H4), 2.54e2.52 (m, 2H,
CH2), 2.39 (s, 3H, SCH3), 2.36e2.16 (m, 4H, 2CH2), 1.71e1.69 (m, 4H,
2CH2), 1.48e1.29 (m, 2H, CH2), 0.73 (t, J¼ 7.5 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 156.3, 155.4, 152.2, 152.0, 142.2, 139.1, 138.9,
135.5, 128.0, 126.0, 111.9, 99.3, 98.6, 33.6, 32.0, 26.3, 22.9, 22.3, 22.1,
21.2, 14.8, 13.4; Anal. Calcd for C23H26N4OS: C, 67.95; H, 6.45; N,
13.78. Found: C, 67.81; H, 6.27; N, 13.99.

5.2.13. 4-(3,4-Dimethoxyphenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (21)

Yield 82%; Cream solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3503
and 3407 (NH2),1577 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.85
(brs, 1H, NH), 7.06 (d, J ¼ 1.0 Hz, 1H, phenyl), 6.80 (d, J ¼ 8.5 Hz, 1H,
phenyl), 6.62 (dd, J¼ 8.5 and 1.0 Hz,1H, phenyl), 5.36 (brs, 2H, NH2),
5.10 (s, 1H, H4), 3.69 (s, 3H, OCH3), 3.66 (s, 3H, OCH3), 2.57 (brs, 2H,
CH2), 2.40e2.17 (m, 4H, 2CH2), 1.71e1.69 (m, 4H, 2CH2), 1.46e1.25
(m, 2H, CH2), 0.74 (t, J ¼ 7.0 Hz, 3H, CH3); 13C NMR (DMSO-d6,
125 MHz) d: 155.5, 152.1, 152.1, 148.2, 147.1, 139.1, 138.9, 138.0, 119.4,
112.1, 111.8, 99.6, 98.7, 55.5, 55.4, 33.9, 32.0, 26.5, 22.9, 22.4, 22.1,
21.3, 13.5; Anal. Calcd for C24H28N4O3: C, 68.55; H, 6.71; N, 13.32.
Found: C, 68.76; H, 6.43; N, 13.10.

5.2.14. 3-Propyl-4-(3,4,5-trimethoxyphenyl)-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (22)

Yield 87%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3506
and 3412 (NH2), 1591 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.99
(brs, 1H, NH), 6.62 (s, 2H, phenyl), 5.84 (brs, 2H, NH2), 5.16 (s, 1H,
H4), 3.66 (s, 6H, 2OCH3), 3.58 (s, 3H, OCH3), 2.62e2.58 (m, 2H, CH2),
2.37e2.21 (m, 4H, 2CH2),1.73e1.70 (m, 4H, 2CH2),1.43e1.26 (m, 2H,
CH2), 0.72 (t, J ¼ 6.5 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) d:
156.1, 155.6, 152.7, 151.1, 140.5, 139.5, 136.0, 111.9, 105.0, 98.9, 98.2,
59.9, 55.9, 34.4, 31.1, 26.4, 22.7, 21.9, 21.8, 21.3, 13.5; MS (m/z, %):
450 (Mþ, 22), 370 (33), 283 (100); Anal. Calcd for C25H30N4O4: C,
66.65; H, 6.71; N, 12.44. Found: 66.58; H, 6.63; N, 12.31.

5.2.15. 4-(4-(Dimethylamino)phenyl)-3-propyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (23)

Yield 81%; Yellow solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3481
and 3388 (NH2),1576 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.80
(brs, 1H, NH), 7.05 (d, J ¼ 8.0 Hz, 2H, phenyl), 6.58 (d, J ¼ 8.0 Hz, 2H,
phenyl), 5.27 (brs, 2H, NH2), 5.00 (s, 1H, H4), 2.80 (s, 6H, N(CH3)2),
2.57e2.55 (m, 2H, CH2), 2.31e2.17 (m, 4H, 2CH2), 1.71e1.69 (m, 4H,
2CH2), 1.45e1.28 (m, 2H, CH2), 0.74 (t, J ¼ 7.0 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 156.3, 155.4, 152.0, 151.9, 148.9, 139.0, 133.0,
127.9, 112.4, 111.8, 99.8, 99.1, 40.2, 33.5, 32.0, 26.4, 22.9, 22.4, 22.1,
21.3, 13.5; Anal. Calcd for C24H29N5O: C, 71.44; H, 7.24; N, 17.36.
Found: C, 71.25; H, 7.41; N, 17.03.

5.2.16. 4-Phenyl-3-propyl-4,6,7,8,9,10-hexahydro-2H-cyclohepta[b]
pyrazolo[40,30:5,6]pyrano[3,2-e]pyridin-5-amine (24)

Yield 85%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3463 and 3327 (NH2),1585 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.94 (brs, 1H, NH), 7.26e7.20 (m, 4H, phenyl), 7.13e7.10 (m, 1H,
phenyl), 5.42 (brs, 2H, NH2), 5.17 (s, 1H, H4), 2.79e2.67 (m, 2H, CH2),
2.60e2.41 (m, 2H, CH2), 2.33e2.29 (m, 2H, CH2), 1.78e1.66 (m, 2H,
CH2), 1.50e1.45 (m, 2H, CH2), 1.40e1.32 (m, 2H, CH2), 1.27e1.23 (m,
2H, CH2), 0.69 (t, J¼ 6.0 Hz, 3H, CH3); 13C NMR (DMSO-d6,125MHz)
d: 159.2, 156.3, 155.2, 151.4, 145.5, 139.2, 128.3, 126.2, 117.1, 99.5,
99.4, 37.9, 34.6, 31.7, 27.0, 26.3, 26.0, 24.7, 21.2, 13.4; Anal. Calcd for
C23H26N4O: C, 73.77; H, 7.00; N, 14.96. Found: C, 73.85; H, 6.85; N,
14.81.

5.2.17. 4-(4-Chlorophenyl)-3-propyl-4,6,7,8,9,10-hexahydro-2H-
cyclohepta[b]pyrazolo[40,30:5,6]pyrano[3,2-e]pyridin-5-amine (25)

Yield 86%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3421
and 3327 (NH2),1572 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 11.89
(brs, 1H, NH), 7.29 (d, J ¼ 9.0 Hz, 2H, phenyl), 7.26 (d, J ¼ 9.0 Hz, 2H,
phenyl), 5.49 (brs, 2H, NH2), 5.22 (s, 1H, H4), 2.78e2.68 (m, 2H,
CH2), 2.61e2.41 (m, 2H, CH2), 2.34e2.28 (m, 2H, CH2),1.78e1.40 (m,
6H, 3CH2), 1.36e1.29 (m, 2H, CH2), 0.73 (t, J ¼ 7.5 Hz, 3H, CH3); 13C
NMR (DMSO-d6, 125 MHz) d: 159.3, 156.2, 155.1, 151.3, 144.5, 139.1,
130.7, 129.2, 128.2, 117.2, 99.1, 37.9, 33.7, 31.7, 26.9, 26.3, 26.0, 24.7,
21.2, 13.3; Anal. Calcd for C23H25ClN4O: C, 67.55; H, 6.16; N, 13.70.
Found: C, 67.79; H, 6.22; N, 13.63.

5.2.18. 4-(4-Chlorophenyl)-3-propyl-4,6,8,9-tetrahydro-2H-
pyrazolo[40,30:5,6]pyrano[2,3-b]thiopyrano[3,4-e]pyridin-5-amine
(26)

Yield 89%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3500 and 3406 (NH2),1578 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.93 (brs, 1H, NH), 7.26 (brs, 4H, phenyl), 5.65 (brs, 2H, NH2), 5.26
(s,1H, H4), 3.86e3.79 (m, 2H, CH2), 3.48e3.22 (m, 4H, 2CH2), 2.47 (s,
2H, CH2), 2.33e2.28 (m, 2H, CH2), 0.69 (t, J ¼ 7.5 Hz, 3H, CH3); 13C
NMR (DMSO-d6, 125 MHz) d: 157.0, 156.5, 152.8, 152.3, 145.1, 140.1,
131.6, 130.1, 129.1, 120.7, 111.3, 99.9, 45.9, 34.5, 34.3, 25.6, 24.4, 22.1,
14.2; MS (m/z, %): 412 (Mþ, 12), 414 (6, Mþþ2), 301 (100), 255 (20);
Anal. Calcd for C21H21ClN4OS: C, 61.08; H, 5.13; N, 13.57. Found: C,
60.81; H, 5.39; N, 13.62.

5.2.19. 3-Propyl-4-(p-tolyl)-4,6,8,9-tetrahydro-2H-pyrazolo
[40,30:5,6]pyrano[2,3-b]thiopyrano[3,4-e]pyridin-5-amine (27)

Yield 86%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3494 and 3400 (NH2),1576 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
11.86 (brs, 1H, NH), 7.11 (d, J¼ 7.6 Hz, 2H, phenyl), 7.00 (d, J¼ 7.6 Hz,
2H, phenyl), 5.54 (brs, 2H, NH2), 5.14 (s, 1H, H4), 3.46e3.40 (m, 2H,
CH2), 2.84e2.80 (m, 4H, 2CH2), 2.29 (s, 2H, CH2), 2.16 (s, 3H, CH3),
1.42e1.24 (m, 2H, CH2), 0.69 (t, J ¼ 7.2 Hz, 3H, CH3); 13C NMR
(DMSO-d6, 125 MHz) d: 157.1, 156.6, 152.5, 152.2, 143.1, 140.0, 136.1,
129.7, 128.2, 111.2, 100.3, 34.7, 34.5, 27.2, 25.6, 24.3, 22.1, 21.4, 14.3;
MS (m/z, %): 392 (Mþ, 70), 300 (100), 278 (85), 249 (43); Anal. Calcd
for C22H24N4OS: C, 67.32; H, 6.16; N, 14.27. Found: C, 67.40; H, 6.02;
N, 14.46.

5.2.20. 3,4-Diphenyl-2,4,6,7,8,9-hexahydropyrazolo[40,30:5,6]
pyrano[2,3-b]quinolin-5-amine (28)

Yield 92%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3352
and 3181 (NH2), 1640 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 13.18
(brs, 1H, NH), 7.77e7.08 (m,12H, 2phenyl and NH2), 6.01 (s, 1H, H4),
2.77e2.75 (m, 2H, CH2), 2.41e2.20 (m, 2H, CH2), 1.78e1.70 (m, 4H,
2CH2); 13C NMR (DMSO-d6, 125 MHz) d: 157.0, 155.0, 150.8, 145.4,
142.7, 138.2, 128.8, 128.4, 128.3, 127.6, 126.9, 126.4, 112.8, 99.6, 99.2,
32.9, 26.5, 22.2, 20.7, 20.4; Anal. Calcd for C25H22N4O: C, 76.12; H,
5.62; N, 14.20. Found: C, 76.03; H, 5.97; N, 14.19.

5.2.21. 4-(4-Fluorophenyl)-3-phenyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (29)

Yield 94%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3341
and 3213 (NH2), 1648 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.90 (brs, 1H, NH), 7.74e6.96 (m, 9H, phenyl), 6.62 (brs, 2H, NH2),
5.85 (s, 1H, H4), 2.67e2.65 (m, 2H, CH2), 2.39e2.18 (m, 2H, CH2),
1.73e1.71 (m, 4H, 2CH2); 13C NMR (DMSO-d6, 125 MHz) d: 160.7 (d,
J ¼ 245.0 Hz), 156.6, 153.1, 149.4, 140.0, 137.7, 129.4 (d, J ¼ 8.0 Hz),
128.8, 128.5, 126.3, 114.8 (d, J ¼ 21.0 Hz), 112.5, 99.8, 99.3, 60.1, 32.7,
29.5, 22.6, 21.5; Anal. Calcd for C25H21FN4O: C, 72.80; H, 5.13; N,
13.58. Found: C, 72.67; H, 5.23; N, 13.39.

5.2.22. 4-(4-Chlorophenyl)-3-phenyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (30)

Yield 90%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3341
and 3219 (NH2), 1648 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
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12.88 (brs, 1H, NH), 7.72e7.19 (m, 9H, phenyl), 6.48 (brs, 2H, NH2),
5.83 (s, 1H, H4), 2.64e2.62 (m, 2H, CH2), 2.39e2.18 (m, 2H, CH2),
1.73e1.70 (m, 4H, 2CH2); 13C NMR (DMSO-d6, 125 MHz) d: 156.8,
153.8, 142.9, 137.7, 131.0, 129.3, 128.8, 128.5, 128.0, 126.2, 112.5, 99.4,
99.0, 32.9, 29.5, 22.7, 21.6; Anal. Calcd for C25H21ClN4O: C, 70.01; H,
4.93; N, 13.06. Found: C, 69.82; H, 4.74; N, 13.37.

5.2.23. 3-Phenyl-4-(p-tolyl)-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (31)

Yield 82%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3340 and 3209 (NH2), 1647 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
12.92 (brs, 1H, NH), 7.76e6.93 (m, 9H, phenyl), 6.78 (brs, 2H, NH2),
5.80 (s, 1H, H4), 2.69e2.67 (m, 2H, CH2), 2.39e2.18 (m, 2H, CH2),
2.12 (s, 3H, CH3 phenyl), 1.73e1.70 (m, 4H, 2CH2); 13C NMR (DMSO-
d6, 125 MHz) d: 156.3, 155.0, 152.6, 140.6, 137.6, 135.6, 128.7, 128.4,
127.4, 126.2, 112.4, 99.8, 99.7, 33.0, 28.9, 22.5, 21.3, 21.2, 20.4; Anal.
Calcd for C26H24N4O: C, 76.45; H, 5.92; N, 13.72. Found: C, 76.31; H,
5.73; N, 13.61.

5.2.24. 4-(4-Methoxyphenyl)-3-phenyl-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (32)

Yield 89%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3342
and 3220 (NH2), 1647 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.90 (brs, 1H, NH), 7.74e7.33 (m, 5H, phenyl-pyrazole), 7.23 (d,
J ¼ 8.5 Hz, 2H, phenyl), 6.71 (brs, 2H, NH2), 6.66 (d, J ¼ 8.5 Hz, 2H,
phenyl), 5.77 (s, 1H, H4), 3.57 (s, 3H, OCH3), 2.64e2.62 (m, 2H, CH2),
2.36e2.15 (m, 2H, CH2), 1.68e1.66 (m, 4H, CH2); 13C NMR (DMSO-
d6, 125 MHz) d: 158.6, 157.3, 155.1, 152.3, 151.9, 138.4, 136.6, 129.7,
129.6, 129.5, 129.3, 127.1, 114.3, 113.3, 100.9, 100.7, 55.7, 33.5, 30.8,
23.5, 22.3, 22.2; MS (m/z, %): 424 (Mþ, 40), 317 (100); Anal. Calcd for
C26H24N4O2: C, 73.56; H, 5.70; N, 13.20. Found: C, 73.67; H, 5.59; N,
13.01.

5.2.25. 3-Phenyl-4-(3,4,5-trimethoxyphenyl)-2,4,6,7,8,9-
hexahydropyrazolo[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (33)

Yield 79%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3489
and 3400 (NH2), 1591 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.64 (brs, 1H, NH), 7.77 (d, J¼ 7.8 Hz, 2H, phenyl-pyrazole), 7.47 (d,
J ¼ 7.8 Hz, 2H, phenyl-pyrazole), 7.38 (t, J ¼ 7.8 Hz, 1H, phenyl-
pyrazole), 6.57 (s, 2H, phenyl), 5.80 (brs, 2H, NH2), 5.61 (s, 1H,
H4), 3.53 (s, 6H, 2OCH3), 3.52 (s, 3H, OCH3), 2.61e2.58 (m, 2H, CH2),
2.37e2.22 (m, 2H, CH2), 1.73e1.69 (m, 4H, 2CH2); 13C NMR (DMSO-
d6, 125 MHz) d: 157.7, 155.1, 152.3, 140.3, 137.3, 135.8, 129.4, 128.7,
128.2, 126.5, 112.0, 105.6, 105.0, 100.1, 98.7, 59.8, 55.9, 55.6, 34.3,
31.7, 23.0, 22.3, 22.1; Anal. Calcd for C28H28N4O4: C, 69.41; H, 5.82;
N, 11.56. Found: C, 69.63; H, 5.97; N, 11.39.

5.2.26. 4-Isopropyl-3-phenyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (34)

Yield 88%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3363
and 3342 (NH2), 1657 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.65 (brs, 1H, NH), 7.74e7.36 (m, 3H, phenyl-pyrazole), 6.52 (brs,
2H, NH2), 4.67 (s,1H, H4), 2.61e2.59 (m, 2H, CH2), 2.40e2.34 (m, 2H,
CH2), 1.95e1.98 (m, 1H, CH), 1.77e1.72 (m, 4H, 2CH2), 0.52 (d,
J ¼ 5.5 Hz, 3H, CH3), 0.38 (d, J ¼ 5.5 Hz, 3H, CH3); 13C NMR (DMSO-
d6, 125 MHz) d: 155.3, 153.8, 149.5, 138.4, 130.5, 128.7, 128.2, 126.8,
112.2, 98.9, 96.1, 33.4, 33.0, 30.2, 22.9, 21.8, 20.5, 16.8; MS (m/z, %):
360 (Mþ, 8), 317 (100), 77 (45); Anal. Calcd for C22H24N4O: C, 73.31;
H, 6.71; N, 15.54. Found: C, 73.42; H, 6.59; N, 15.41.

5.2.27. 1,3,4-Triphenyl-1,4,6,7,8,9-hexahydropyrazolo[40,30:5,6]
pyrano[2,3-b]quinolin-5-amine (35)

Yield 81%; Creamwhite solid; mp > 250 �C; IR (KBr, cm�1) nmax:
3455 and 3361 (NH2),1595 (C]N); 1H NMR (DMSO-d6, 500MHz) d:
8.01e7.99 (m, 3H, phenyl), 7.35e7.07 (m,14H, phenyl and NH2),5.15
(s, 1H, H4), 3.04e3.03 (m, 4H, 2CH2), 1.79e1.77 (m, 4H, 2CH2); 13C
NMR (DMSO-d6, 125 MHz) d: 158.1, 154.5, 149.5, 145.7, 140.8, 135.1,
128.4, 128.0, 127.8, 127.7, 127.4, 126.9, 126.4, 124.9, 123.6, 119.6,
101.5, 44.9, 35.0, 23.7; Anal. Calcd for C31H26N4O: C, 79.12; H, 5.57;
N, 11.91. Found: C, 79.32; H, 5.62; N, 11.78.
5.2.28. 3,4-Diphenyl-4,6,7,8,9,10-hexahydro-2H-cyclohepta[b]
pyrazolo[40,30:5,6]pyrano[3,2-e]pyridin-5-amine (36)

Yield 86%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3355
and 3204 (NH2),1639 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 13.14
(brs, 1H, NH), 7.76 (d, J ¼ 7.0 Hz, 2H, phenyl-pyrazole), 7.63 (brs, 2H,
NH2), 7.47 (t, J ¼ 7.0 Hz, 2H, phenyl-pyrazole),7.41 (t, J ¼ 7.0 Hz, 1H,
phenyl-pyrazole), 7.34 (d, J ¼ 7.5 Hz, 2H, phenyl), 7.15 (t, J ¼ 7.0 Hz,
2H, phenyl), 7.08 (t, J ¼ 6.5 Hz, 1H, phenyl), 5.97 (s, 1H, H4),
2.97e2.95 (m, 2H, CH2), 2.75e2.64 (m, 2H), 2.38e1.73 (m, 6H,
3CH2); 13C NMR (DMSO-d6, 125 MHz) d: 156.5, 150.3, 142.6, 138.4,
128.8, 128.3, 127.6, 126.9, 126.5, 118.2, 100.4, 99.2, 33.2, 31.5, 30.9,
25.5, 24.8, 24.0; Anal. Calcd for C26H24N4O: C, 76.45; H, 5.92; N,
13.72. Found: C, 76.52; H, 5.81; N, 13.79.
5.2.29. 4-(4-Chlorophenyl)-3-phenyl-4,6,7,8,9,10-hexahydro-2H-
cyclohepta[b]pyrazolo[40,30:5,6]pyrano[3,2-e]pyridin-5-amine (37)

Yield 81%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3351
and 3202 (NH2),1635 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 13.10
(brs, 1H, NH), 7.70e7.69 (m, 2H, phenyl-pyrazole), 7.56 (brs, 2H,
NH2), 7.43 (d, J¼ 7.3 Hz, 2H, phenyl-pyrazole), 7.37 (t, J¼ 7.3 Hz, 1H,
phenyl-pyrazole), 7.32 (d, J ¼ 8.5 Hz, 2H, phenyl), 7.16 (d, J ¼ 8.5 Hz,
2H, phenyl), 5.96 (s, 1H, H4), 2.92e2.91 (m, 2H, CH2), 2.68e2.46 (m,
2H, CH2), 1.80e1.33 (m, 6H, 3CH2); 13C NMR (DMSO-d6, 125 MHz) d:
157.3,155.7,152.9,151.2,142.4,139.3,132.4,130.3,129.7,129.2,129.1,
127.4, 119.2,100.8, 99.5, 33.5, 32.5, 31.7, 26.3, 25.7, 24.9; MS (m/z, %):
442 (Mþ, 61), 444 (Mþ2, 23), 390 (13), 331 (100), 246 (17); Anal.
Calcd for C26H23ClN4O: C, 70.50; H, 5.23; N, 12.65. Found: C, 70.22;
H, 5.11; N, 12.39.
5.2.30. 4-(4-Chlorophenyl)-3-phenyl-4,6,8,9-tetrahydro-2H-
pyrazolo[40,30:5,6]pyrano[2,3-b]thiopyrano[3,4-e]pyridin-5-amine
(38)

Yield 77%; White solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3431
and 3376 (NH2), 1647 (C]N); 1H NMR (DMSO-d6, 500MHz) d: 13.19
(brs, 1H, NH), 7.78e7.76 (m, 4H, phenyl), 7.43e7.39 (m, 4H, phenyl
and NH2), 7.34 (t, J ¼ 7.3 Hz, 1H, phenyl), 7.16 (d, J ¼ 8.5 Hz, 2H,
phenyl), 6.12 (s, 1H, H4), 3.56e3.32 (m, 2H, CH2), 3.09e2.99 (m, 2H,
CH2), 2.86 (s, 2H, CH2); 13C NMR (DMSO-d6, 125 MHz) d: 156.9,
155.7, 152.1, 146.6, 142.4, 139.2, 132.4, 130.4, 129.6, 129.1, 127.3, 112.1,
100.4, 99.5, 33.3, 29.8, 23.7, 23.6; MS (m/z, %): 446 (Mþ, 12), 448
(Mþ2, 4), 335 (78), 289 (13); Anal. Calcd for C24H19ClN4OS: C, 64.49;
H, 4.28; N, 12.54. Found: C, 64.31; H, 4.17; N, 12.71.
5.2.31. 3-(Furan-2-yl)-4-phenyl-2,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (39)

Yield 90%; Cream solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3464
and 3338 (NH2), 1596 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
12.76 (brs, 1H, NH), 7.71e7.70 (m, 1H, furyl), 7.34e7.32 (m, 2H,
phenyl), 7.12e7.10 (m, 2H, phenyl), 7.01e6.99 (m, 1H, phenyl),
6.88e6.86 (m, 1H, furyl), 6.58e6.57 (m, 1H, furyl), 5.66 (brs, 2H,
NH2), 5.48 (s, 1H, H4), 3.14e3.12 (m, 2H, CH2), 2.30e2.15 (m, 2H,
CH2), 1.66e1.64 (m, 4H, 2CH2); 13C NMR (DMSO-d6, 125 MHz) d:
153.5,152.9,145.5,143.7, 128.8,128.6,127.0,113.1, 112.6,108.6,100.1,
49.4, 34.6, 32.8, 23.8, 23.2, 22.9; MS (m/z, %): 384 (Mþ, 28), 307
(100), 283 (47); Anal. Calcd for C23H20N4O2: C, 71.86; H, 5.24; N,
14.57. Found: C, 71.95; H, 5.46; N, 14.32.
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5.2.32. 3-(Furan-2-yl)-1,4-diphenyl-1,4,6,7,8,9-hexahydropyrazolo
[40,30:5,6]pyrano[2,3-b]quinolin-5-amine (40)

Yield 83%; Cream solid; mp > 250 �C; IR (KBr, cm�1) nmax: 3475
and 3261 (NH2), 1644 (C]N); 1H NMR (DMSO-d6, 500 MHz) d:
7.87e7.86 (m, 2H, phenyl), 7.71e7.70 (m, 1H, furyl), 7.54e7.52 (m,
2H, phenyl), 7.43e7.42 (m, 2H, phenyl), 7.35e7.33 (m, 1H, phenyl),
7.16e7.14 (m, 2H, phenyl), 7.06e7.04 (m,1H, phenyl), 6.94e6.92 (m,
1H, furyl), 6.59e6.57 (m, 1H, furyl), 5.87 (brs, 2H, NH2), 5.60 (s, 1H,
H4), 2.57e2.55 (m, 2H, CH2), 2.34e2.16 (m, 2H, CH2), 1.67e1.65 (m,
4H, 2CH2); 13C NMR (DMSO-d6, 125 MHz) d: 154.9, 153.4, 153.2,
148.1, 147.8, 144.8, 143.6, 139.8, 138.5, 130.3, 128.9, 127.5, 127.3,
121.5, 114.3, 112.4, 109.4, 100.3, 99.8, 35.2, 32.7, 23.9, 23.1, 22.8; MS
(m/z, %): 460 (Mþ, 44), 383 (91), 355 (7); Anal. Calcd for
C29H24N4O2: C, 75.63; H, 5.25; N, 12.17. Found: C, 75.72; H, 5.17; N,
12.42.

5.3. Cholinesterases inhibition assay

Acetylcholinesterase from Electrophorus electricus (electric eel,
type V-s, lyophilized powder, �1000 units/mg protein), human
butyrylcholinesterase (recombinant, expressed in goat,�500 units/
mg protein), acetylthiocholine iodide, butyrylthiocholine iodide,
5,50-dithiobis[2-nitrobenzoic acid] (DTNB), and tacrine were pur-
chased from Sigma-Aldrich. The AChE and BuChE inhibitory activity
of target compounds was evaluated by Ellman's method as re-
ported earlier [24,25]. In brief, the test compounds were dissolved
in the solvent system ethanol/DMSO (9:1, 1 mL) and then diluted
using phosphate buffer to achieve assay concentrations. The assay
mixture comprised of 2000 mL phosphate buffer (0.1 M, pH ¼ 8.0),
65 mL of DTNB 0.1 M, 35 mL of enzyme (0.2 U/ml) and 50 mL of in-
hibitor. The mixture was incubated for 5 min at room temperature.
Afterward, 10 mL of substrate (acetylthiocholine iodide, 0.01 M) was
added and the change of the absorbance was measured at 412 nm
for 1 min. The same protocol was applied for determination of
BuChE activity by using butyrylthiocholine iodide as substrate. All
experiments were performed on a Synergy HTX Multi-Mode
Reader-BioTek.

5.4. 15-LOX inhibition assay

The 15-LOX inhibitory activity of compounds 9e40 was deter-
mined by using soybean lipoxygenase enzyme (type 1-B lyophi-
lized powder �50000 units/mg solid, Sigma) as reported
previously [26,27]. In this test, the conversion of linoleic acid to 13-
hydroperoxylinoleic acid by 15-LOX enzyme was measured spec-
trophotometrically at 234 nm. Quercetin was used as a standard
inhibitor. Briefly, the tested compounds were dissolved in DMSO
(1 mL) and then diluted in phosphate buffer (0.1 M, pH ¼ 8) as
needed. 50 mL of the test compounds was added to the test solution
containing 50 mL of enzyme (final concentration: 167 U/ml) and
3000 mL phosphate buffer (0.1 M, pH¼ 8). After 5 min incubation at
room temperature, 10 mL substrate (linoleic acid in ethanol, final
concentration: 134 mM) was added and the change in the absor-
bance was read for 1 min at 234 nm. All experiments were per-
formed on Unico double beam spectrophotometer.

5.5. In vitro cytotoxicity assay against HepG2 cell line

The human hepatocellular carcinoma cell line (HepG2) was
purchased from Iranian Biological Resource Center (IBRC), Tehran,
Iran. The cells were cultured in DMEMmedium supplemented with
10% FBS at 37 �C in a humidified atmosphere of 5% CO2 and 95% air.
To determine the cytotoxic effect of the test compounds, the HepG2
cells were harvested in the exponential phase of growth and sub-
cultured in 96-well tissue culture microplate at a seeding density
of 15000 cells per well and allowed to adhere for 24 h. Thereafter,
the medium was replaced by fresh medium containing desired
concentrations (1e500 mM) of each tested compound (29, 32, and
40) and incubated for 24 h. Consequently, the medium was
removed and 20 mL of DMEM medium containing MTT (5 mg/mL)
was added to each well. After incubation for 4 h, followed by
replacement of medium with 100 mL of DMSO, the optical density
was measured at 540 nm. All mentioned procedures were per-
formed in triplicate and the obtained results were used for deter-
mination of viability percent with respect to the control group.
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