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4,5-Dihydropyrazole derivatives containing
oxygen-bearing heterocycles as potential
telomerase inhibitors with anticancer activity

Yin Luo,†a Yang Zhou,†a Jie Fub and Hai-Liang Zhu*a

Telomere and telomerase were closely related to the occurrence and development of some cancers. After

the key active site of telomerase was identified, to enhance the ability of dihydropyrazole derivatives to

inhibit telomerase, we designed a series of novel 4,5-dihydropyrazole derivatives containing heterocyclic

oxygen moiety based on previous studies. The telomerase inhibition assay showed that compound 10a

displayed the most potent inhibitory activity with an IC50 value of 0.6 mM for telomerase. The

antiproliferative assay showed that 10a exhibited high activity against human gastric cancer cell SGC-

7901 with an IC50 value of 10.95 � 0.60 mM. Flow cytometric analysis and western blot results showed

that 10a induced both apoptosis and autophagy. A docking simulation showed that 10a could bind well

to the active site of telomerase and act as a telomerase inhibitor. The 3D-QSAR model was also built to

provide a more pharmacological understanding that could be used to design new agents with more

potent telomerase inhibitory activity.
1 Introduction

To date, to identify efficient anticancer drugs with low toxicity
and specic selectivity remains a top priority in the cancer
treatment. Immortalization of tumor cells is a key characteristic
to tumor growth and metastasis. The expression of telomerase
in tumor cells is closely related to this proliferation process.1

Studies have shown that in almost all human malignancies,
telomerase had varying degrees of high expression and the
activity detection rate was 85–95%, whereas the rate was only
4% in normal tissue around the tumor and in benign lesions.2

Telomerase is active in the early stages of life, when it
maintains the telomere length and chromosome integrity in
frequently dividing cells. In majority of adult somatic cells, it
turns to dormancy.3 However, in cancer cells, telomerase is
reactivated to keep the telomere length short in rapidly dividing
cells, leading to proliferation.4 It was also reported that telo-
mere and telomerase were closely related to the occurrence and
development of gastric cancer.5 Aer the discovery of telome-
rase in cancer cells in 1994, although scientists designed
various telomerase inhibitors with some effects, an efficient
pilot structure has not yet been identied.1,6 The main reason is
that conclusive evidence of telomerase as a tumor site-specic
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marker has not yet been obtained; thus, inhibitors cannot be
accurately designed. Because the American scientist, Andrew J.
G., revealed the key active site of telomerase [three-dimensional
structure of telomerase reverse transcriptase (TERT) protein
catalytic subunit: 3DU6.pdb] in 2008, scientists can now focus
on a clear target and try a newmolecular designing scheme.5,7 At
present, although there are some reports about inhibitors for
the TERT catalytic subunit of telomerase,8,9 there are only few
reports about leading compounds due to the late discovery of
the crystal structure of 3DU6.

Dihydropyrazoles are extremely important compounds
owing to their nitrogen-bearing ve-membered heterocyclic
ring. Chirality of dihydropyrazole results in greater variability of
substituents on the pyrazole ring; thus, molecular conforma-
tions with improved biological activity can be obtained. In the
past few years, studies showed that compounds with this
structure have potential anticancer, antibacterial, antimalarial,
analgesic and antiviral effects.10–21 Several dihydropyrazole
derivatives have also been designed as cannabinoid receptor 1
antagonists, monoamine oxidase inhibitors, and tumor
necrosis inhibitors.22,23 In an effort to synthesize novel dihy-
dropyrazoles with potential anticancer activity, our group has
recently designed some acetyl 4,5-dihydropyrazole derivatives as
telomerase inhibitors and tested their anticancer activities. We
found that these compounds could be used as targeted anti-
cancer drugs for further study,24–26 and the chemical structures
of the most active compounds are shown in Fig. 1.

Oxygen-bearing heterocycles, especially 1,3-benzodioxole
and 1,4-benzodioxan, have attracted signicant attention in
chemical, medicinal and pharmaceutical research. These
This journal is © The Royal Society of Chemistry 2014
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Fig. 1 Chemical structures of some reported dihydropyrazoles as telomerase inhibitors.25–27
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structural units were found in a variety of drugs that are used as
antihypertensive, anti-inammatory, antitumor and anti-
mycotic agents.27–31

To extend our research on antiproliferative agents, a series of
novel 4,5-dihydropyrazole derivatives containing an oxygen-
bearing heterocycle were designed and their enzyme inhibitory
activities were tested. The most active compounds were then
tested for their activities against SGC-7901 cells and B16-F10
cells. Flow cytometric analysis and a western blot assay were
performed to explore probable reaction mechanism. Docking
simulations were then performed to position the selected
compound into the crystal structure of TERT catalytic subunit to
explore a probable binding model. The objectives of the present
work are as follows: to synthesize new dihydropyrazole deriva-
tives; to evaluate their telomerase inhibitory activities; to test
their anti-cancer activities; to explore the reaction mechanism
of the most active compounds and to investigate the interaction
between the inhibitor and telomerase using a docking study.
2 Results and discussion
2.1 Chemistry

As shown in Scheme 1, compounds 1–3 were synthesized from
protocatechualdehyde and dibromomethane, proto-
catechualdehyde and dibromoethane, and protocatechualdehyde
Scheme 1 Synthetic pathway for preparation of compounds 10a–27a. R
h; (III) thiosemicarbazide, KOH, ethanol, reflux, 12 h.

This journal is © The Royal Society of Chemistry 2014
and dibromopropane with acetone as the solvent in the presence
of potassium carbonate. The synthesized compounds were then
reacted with substituted acetophenones (4–9) to afford the cor-
responding chalcone derivatives 10–27. Aer that, 10–27 were
reacted with thiosemicarbazide to synthesize the corresponding
dihydropyrazoles 10a–27a. These compounds exhibited satisfac-
tory elementary analyses (�0.4%). 1H NMR and ESI MS spectra
were consistent with the assigned structures.

Among these compounds, 22–27 and 10a–27a have been
reported for the rst time. 10a–15a were dihydropyrazole
derivatives containing a 1,3-benzodioxole group prepared from
substituted acetophenones, whereas 16a–21a contained a 1,4-
benzodioxan group and 22a–27a contained a 1,5-benzodiox-
epine group. Moreover, the substituents on acetophenones 4–9
were H, F, Cl, Br, CH3 and OCH3, respectively, containing both
electron-donating and electron-withdrawing groups.
2.2 Biology

2.2.1 Telomerase inhibition assay. All synthesized
compounds 10a–27a were evaluated for telomerase inhibitory
activity by a modied telomere repeat amplication protocol
(TRAP) assay.32 Modied TRAP assay is a useful technique that
provides qualitative and quantitative information about small
molecules that inhibit telomere elongation.33 The results are
summarized in Table 1. Most of the tested compounds
eagents: (I) acetone, K2CO3, reflux, 24 h; (II) EtOH, KOH (40% aq.), r.t., 2
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Table 1 Inhibitory effects of synthesized compounds against
telomerasea

Compounds n R
IC50 (mM)
telomerase

10a 1 OCH3 0.6
11a 1 CH3 1.9
12a 1 H 8.4
13a 1 Br 13.2
14a 1 Cl 19.3
15a 1 F 25.8
16a 2 OCH3 25.6
17a 2 CH3 33.4
18a 2 H 38.5
19a 2 Br 42.9
20a 2 Cl 55.7
21a 2 F No
22a 3 OCH3 No
23a 3 CH3 No
24a 3 H No
25a 3 Br No
26a 3 Cl No
27a 3 F No
Ethidium bromideb 2.6

a No indicates that no activity was observed in the concentration range
of 0–60 mM. b Ethidium bromide is reported as a control. The inhibition
constant of ethidium toward telomerase has been reported previously.

Table 2 Cytotoxic activity of test compounds against SGC-7901 cell
linea negative control DMSO, no activity

Compounds

IC50 (mM) IC50 (mM)

SGC-7901 B16-F10

10a 10.95 � 0.60 28.95 � 0.84
11a 23.11 � 0.85 31.59 � 1.37
12a 21.54 � 1.32 31.78 � 1.53
13a 27.87 � 0.97 35.93 � 2.11
14a 36.9 � 1.35 42.85 � 2.67
15a 38.22 � 1.78 60.79 � 2.95
16a 40.22 � 2.39 39.77 � 1.42
17a 42.38 � 2.56 47.12 � 1.89
5-Fluorouracilb 46.35 � 2.83 21.41 � 1.76

a The data represent a mean of three experiments performed in
triplicate and are expressed as mean � SD. b Used as a positive control.

Fig. 2 Apoptosis of compounds 10a, 11a and 12a (3 mM) was analyzed
by flow cytometry. The values in the right upper and lower quadrants
denote an average value of three independent experiments. C: control.
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displayed good telomerase inhibitory activity and 10a displayed
the best inhibitory activity with an IC50 of 0.6 mM, which was
comparable to the reference compound, ethidium bromide.

From the data presented in Table 1, it can be concluded that
4,5-dihydropyrazole derivatives containing 1,3-benzodioxole
group (10a–15a) displayed better telomerase inhibitory activi-
ties, whereas the derivatives containing 1,4-benzodioxan and
1,5-benzodioxepine groups, in general, displayed relatively
worse activities.

The results also suggested that the compounds with a 1,3-
benzodioxole group (10a–15a) and a methoxy group in the R
position (10a and 16a) showed better telomerase inhibitory
activities than compounds with other substituents. Some
compounds in this series were selected for further
investigation.

2.2.2 Antiproliferative activity assay. Aer the enzyme
inhibition assay, the most active compounds 10a–17a were
chosen to complete the screening assay studies. Eight
compounds were evaluated for their cytotoxic activities against
gastric SGC-7901 (human gastric cancer) and B16-F10 (mouse
melanoma) cell lines, and the results were summarized in Table
2. Compound 10a exhibited the best activity against SGC-7901
cells with an IC50 of 10.95 � 0.60 mM, which is even better than
the reference drug 5-uorouracil (IC50 ¼ 46.35 � 2.83 mM). All
23906 | RSC Adv., 2014, 4, 23904–23913
the synthesized compounds exhibited worse activity against
B16-F10 cells; however, the IC50 values against B16-F10 cells
were comparable to the reference drug.

The results were consistent with enzyme inhibition assay
results, which showed that compounds with a 1,3-benzodioxole
group and a hydrogen atom in the R position showed better
activities.

2.2.3 Cell autophagy and apoptosis. Autophagy plays a
dichotomous role in mediating cell fate, either protective or
destructive, in response to metabolic stress or therapeutic
agents.

To explore the antiproliferative reaction mechanism of the
most active compounds (10a–12a), we assessed their effects on
programmed cell death (apoptosis versus autophagy) of SGC-
7901 cells at a concentration of 3 mM. As shown in Fig. 2, ow
This journal is © The Royal Society of Chemistry 2014
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Fig. 3 Autophagy of compounds 10a, 11a and 12a was analyzed using
a western blot. LC3-I and LC3-II conversion in SGC-7901 cells after 24
h of treatment.

Fig. 4 (a) 2D ligand interaction diagram of compound 10a (R-isomer) w
Studio program; the essential amino acid residues at the binding site ar
hydrogen bonding, electrostatic or polar interactions and the green circ
actions. (b) The 3D model structure of compound 10a binding with the

This journal is © The Royal Society of Chemistry 2014
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cytometric analysis indicated some small changes in the
induction of apoptosis when compounds 10a, 11a and 12a were
tested. Western blot analysis of LC3-I and LC3-II conversion
revealed that 10a and 12a induced autophagy (Fig. 3). Thus, it
could be suggested that 10a and 12a might induce both
apoptosis and autophagy. This nding suggests that the
induction of autophagy and apoptosis was a possible mecha-
nism, by which 10a mediated its antiproliferative activity.
ith TERT protein catalytic subunit (PDB ID: 3DU6) using the Discovery
e circled. The purple circles show the amino acids that participate in
les show the amino acids that participate in the van der Waals inter-
telomerase complex.

RSC Adv., 2014, 4, 23904–23913 | 23907
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Fig. 5 (a) 2D ligand interaction diagram of compound 10a (S-isomer)
with TERT protein catalytic subunit (PDB ID: 3DU6). (b) The 3D model
structure of compound 10a binding with the telomerase complex.

Table 3 Experimental and predicted inhibitory activities of
compounds by 3D-QSAR models based on active conformations
achieved by molecular docking

Compound Experimental pIC50 Predicted pIC50 Residual error

10a 6.22185 4.94834 1.27351
11a 5.72125 5.52509 0.196164
12a 5.07572 5.13092 �0.0552
13a 4.87943 5.01712 �0.13769
14a 4.71444 4.72311 �0.00867
15a 4.58838 4.62442 �0.03604
16a 4.59176 4.55839 0.033368
17a 4.47625 4.64458 �0.16833
19a 4.36754 4.39691 �0.02937
20a 4.25414 4.23813 0.016013
11Aa 5.46852 5.48395 �0.01543
12A 5.13668 5.18814 �0.05146
13A 5.17393 5.12611 0.04782
14A 5.20761 5.19633 0.011283
15A 5.88606 4.95256 0.933502
16A 6.04576 6.08272 �0.03696
17A 5.06048 5.06329 �0.00281
18A 4.73283 4.53594 0.196886
19A 4.59007 4.6024 �0.01233
20A 4.62342 4.94088 �0.31747
21A 4.64016 4.5603 0.079855
22A 4.8729 4.88582 �0.01292
23A 4.97469 4.99396 �0.01927
24A 4.42713 4.35755 0.069585
25A 4.16558 4.79791 �0.63233
26A 4.07779 4.04736 0.030429
27A 4.08302 4.0833 �0.00028
28A 4.11691 4.13672 �0.01981
29A 4.26043 4.26058 �0.00015
30A 4.33068 4.36286 �0.03218
31A 4.03058 4.04452 �0.01394

a Compounds 11A–31A were selected from a previous paper.35
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2.3 Molecular docking

In order to explore probable interaction models of the inhibi-
tors in the enzyme active site, molecular docking of 10a (both
the enantiomers were selected) into an active binding site of the
telomerase was performed to simulate the binding model
derived from the TERT protein catalytic subunit (3DU6.pdb).

All docking runs were applied using the CDOCKER Dock
protocol of Discovery Studio 3.5. The binding model of 10a (R-
isomer) and telomerase is depicted in Fig. 4. In the binding
model, 10a was nicely bound to the TERT protein catalytic
subunit via three interaction bonds with a binding energy of
�33.80 kJ mol�1. The visual inspection of 10a in the active site
revealed that three optimal intramolecular hydrogen bonds
were observed (N–H/O: angle ¼ 153.49�, distance ¼ 2.2 Å with
the amino hydrogen group of GLN308; N–H/N: angle ¼
23908 | RSC Adv., 2014, 4, 23904–23913
115.31�, distance ¼ 2.3 Å with the amino hydrogen group of
LYS189; N–H/O: angle ¼ 142.38�, distance ¼ 2.2 Å with the
oxygen group of ASP251). Moreover, the end amino cation of
LYS189 (distance: 4.1 Å) exhibited p–cation interaction with one
of the benzene rings in 10a. Furthermore, the end amino of
HIS304 exhibited p–p interaction with another benzene ring in
compound 10a. These residues inuenced the accessibility of
the hydrophobic pocket that anked the active binding site, and
their size could be important in controlling the telomerase
selectivity. At the other end of the binding pocket, the sulfur
atom of dihydropyrazole ethanethioamide interacted with the
residue ARG253, which made the 3D structure more stable.

Fig. 5 shows the binding model of 10a (S-isomer) with telo-
merase. In this model, 10a was bound to the TERT protein
catalytic subunit by two p–cation interaction bonds with a
binding energy of �32.59 kJ mol�1. This model was less stable
compared with the R-isomer model.
2.4 3D-QSAR model

In our previous paper, we built a 3D-QSAR model that could be
used to predict and guide further drug design.35 In this paper, a
new 3D-QSAR model was developed. In order to build a more
This journal is © The Royal Society of Chemistry 2014
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reasonable model, the preliminary biological results of the
compounds discussed in this paper and the previous paper were
used. The calculated pIC50 values ranged from 4.03 to 6.04.

As the model dataset, 31 compounds (Table 3) with IC50s
ranging from 0.6 to 93.2 mM for inhibiting telomerase were
selected. The operation process can be found in the previous
paper.35

The correlation coefficient, r2, between the observed and
predicted activity of the training set was found to be 0.987,
whereas that of the test set was found to be 0.316, which proved
that this QSAR model was acceptable. The predicted pIC50

values and residual errors of 31 compounds analyzed using this
QSAR model are listed in Table 3. A plot of the observed pIC50

versus the predicted data is provided in Fig. 6.
Moreover, the molecules aligned with the iso-surfaces of the

3D-QSARmodel coefficients on van derWaals grids (Fig. 7a) and
electrostatic potential grids (Fig. 7b) are shown. According to
the maps, a compound with a high positive charge and a small
oxygen-bearing heterocyclic group could show higher activity,
which conrms that the 1,3-benzodioxole group is a better
choice than 1,4-benzodioxan or 1,5-benzodioxepine. Similarly, a
Fig. 7 (a) 3D-QSAR model coefficients on van der Waals grids. Green
represents positive coefficients; yellow represents negative coeffi-
cients. (b) 3D-QSARmodel coefficients on electrostatic potential grids.
Blue represents positive coefficients; red represents negative
coefficients.

Fig. 6 Experimental versus predicted telomerase inhibitory activities
of the training set and the test set.

This journal is © The Royal Society of Chemistry 2014
highly negative-charged R group would also help obtain good
activity, which conrms that the methoxy substituent could be
more effective. This conclusion was similar to our previous
result;35 thus, it proved that our drug structure modication was
reasonable. Therefore, the data summarized above demon-
strates that compound 10a is the most potent telomerase
inhibitor (IC50 ¼ 0.6 mM) containing suitable substituents that
resulted in outstanding activity.

3 Conclusion

In summary, a series of novel 4,5-dihydropyrazole derivatives
containing an oxygen-bearing heterocycle group were prepared
as potential telomerase inhibitors. The activity assay results
showed that compound 10a exhibited the most potent telome-
rase inhibitory activity and good activity against human gastric
cancer cell SGC-7901. Flow cytometric analysis and western blot
results showed that 10a induced both apoptosis and autophagy.
A docking simulation was performed to position 10a into the
active site of 3DU6. The results showed that compound 10a
could bind well with the telomerase active site and act as a
telomerase inhibitor. A QSAR model was also built using the
activity data and binding conformations to provide a reliable
tool that enables the rational design of novel telomerase
inhibitors. This model can be used to predict activity and guide
further structure modications.

4 Experimental section
4.1 Chemicals

All chemicals and reagents used in this study were of analytical
grade. The reactions were monitored by thin layer chromatog-
raphy (TLC) on Merck pre-coated silica GF254 plates. Melting
points (uncorrected) were determined on an X-4 MP apparatus
(Taike Corp., Beijing, China). ESI mass spectra were obtained
on a Mariner System 5304 mass spectrometer, and 1H NMR
spectra were collected on a Bruker DPX300 spectrometer at
room temperature using TMS and solvent signals as internal
standards. Chemical shis were reported in ppm (d). Elemental
analyses were performed on a CHN-O-Rapid instrument, and
they were within �0.4% of the theoretical values.

4.1.1 General synthetic procedure for compounds 1–3. In
the three-necked ask under a nitrogen atmosphere, 3,4-dihy-
droxybenzaldehyde (0.828 g, 6 mmol) was dissolved in dry
acetone (10 ml), and then anhydrous potassium carbonate
(2.5 g) was added to the solution. Aer that, the acetone solution
containing dibromomethane or 1,2-dibromoethane or 1,3-
dibromopropane (6 mmol) was added dropwise and reuxed for
24 h. The reaction solution was evaporated using a reduced
pressure distillation. An appropriate amount of water was
added to the residue, and the resulting mixture was extracted
with ethyl acetate (3 � 40 ml). The organic layers were
combined and dried with anhydrous magnesium sulfate. The
solvent was then removed under a reduced pressure steam to
afford the crude product, which was puried by column chro-
matography [eluent: v (petroleum ether)/v (ethyl acetate)¼ 4 : 1]
to give a white coloured solid (compounds 1–3).
RSC Adv., 2014, 4, 23904–23913 | 23909
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4.1.2 General synthetic procedure for chalcones 10–27.
Equimolar portions of the synthesized compounds 1–3
(10 mmol) and substituted benzaldehydes 4–9 (10 mmol) were
dissolved in approximately 15 ml of ethanol. The mixture was
allowed to stir for several minutes at 5–10 �C. A 10 ml aliquot of
a 40% aqueous potassium hydroxide solution was then slowly
added dropwise to the reaction ask via a self-equalizing
addition funnel. The reaction solution was allowed to stir at
room temperature for approximately 4 h. Typically, aer the
completion of the reaction, a precipitate was formed, which was
then collected by suction ltration.

4.1.3 (E)-3-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-1-
phenylprop-2-en-1-one (22). White solid, yield: 25%. MP: 102–
104 �C. 1H NMR (CDCl3, 300 MHz): 2.12 (s, 2H), 4.23 (m, 4H),
6.91–6.97 (m, 1H), 7.12–7.27 (m, 3H), 7.24 (dd, J1 ¼ 6.24 Hz, J2 ¼
8.42 Hz, 1H), 7.29 (d, J¼ 2.19 Hz, 1H), 7.39 (d, J¼ 15.60 Hz, 1H),
7.63–8.07 (m, 3H). ESI-MS: 281.11(C18H17O3, [M + H]+). Anal.
calcd for C18H16O3: C, 77.12; H, 5.75%. Found: C, 77.10; H,
5.76%.

4.1.4 (E)-3-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-1-
(4-uorophenyl) prop-2-en-1-one (23). White solid, yield: 26%.
MP: 107–110 �C. 1H NMR (CDCl3, 300 MHz): 2.11 (s, 2H), 4.20
(m, 4H), 6.90–6.99 (m, 1H), 7.13–7.20 (m, 3H), 7.23 (dd, J1¼ 6.21
Hz, J2 ¼ 8.43 Hz, 1H),7.28 (d, J ¼ 2.19 Hz, 1H), 7.36 (d, J ¼ 15.54
Hz, 1H), 7.60–8.06 (m, 2H). ESI-MS: 299.31(C18H16FO3, [M +
H]+). Anal. calcd for C18H15FO3: C, 72.47; H, 5.07%. Found: C,
72.50; H, 5.06%.

4.1.5 (E)-1-(4-Chlorophenyl)-3-(3,4-dihydro-2H-benzo[b][1,4]-
dioxepin-7-yl)prop-2-en-1-one (24). White solid, yield: 24%. MP:
113–115 �C. 1H NMR (CDCl3, 300 MHz): 2.11 (s, 2H), 4.17 (m,
4H), 7.02–7.04 (m, 1H), 7.11–7.15 (m, 3H), 7.21 (d, J ¼ 10.22 Hz,
1H), 7.25 (d, J ¼ 15.54 Hz, 1H), 7.44 (d, J ¼ 15.84 Hz, 1H), 7.94–
8.03 (m, 2H). ESI-MS: 314.76 (C18H16ClO3, [M + H]+). Anal. calcd
for C18H15ClO3: C, 68.68; H, 4.80%. Found: C, 68.71; H, 4.82%.

4.1.6 (E)-1-(4-Bromophenyl)-3-(3,4-dihydro-2H-benzo[b][1,4]-
dioxepin-7-yl)prop-2-en-1-one (25). White solid, yield: 28%. MP:
120–122 �C. 1H NMR (DMSO-D6, 300 MHz): 2.11 (s, 2H), 4.19 (m,
4H), 7.03 (d, J¼ 8.4 Hz, 1H), 7.47–7.50 (m, 1H), 7.63 (s, 1H), 7.72
(d, J ¼ 15.54 Hz, 1H), 7.85 (d, J ¼ 15.54 Hz, 1H), 8.21–8.40 (m,
4H). ESI-MS: 359.21 (C18H16BrO3, [M + H]+). Anal. calcd for
C18H15BrO3: C, 60.18; H, 4.21%. Found: C, 60.20; H, 4.22%.

4.1.7 (E)-3-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-1-p-
tolylprop-2-en-1-one (26). White solid, yield: 26%. MP: 99–
101 �C. 1H NMR (CDCl3, 300MHz): 2.11 (s, 2H), 2.45 (s, 3H), 4.26–
4.32 (m, 4H), 6.93–7.01 (m, 1H), 7.21–7.24 (m, 1H), 7.25–7.29 (m,
3H), 7.31 (d, J¼ 3.23 Hz, 1H), 7.42 (d, J¼ 15.54 Hz, 1H), 7.62–7.95
(m, 2H). ESI-MS: 295.34 (C19H19O3, [M + H]+). Anal. calcd for
C19H18O3: C, 77.53; H, 6.16%. Found: C, 77.56; H, 6.18%.

4.1.8 (E)-3-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-1-(4-
methoxyphenyl) prop-2-en-1-one (27). White solid, yield: 30%.
MP: 105–108 �C. 1H NMR (CDCl3, 300 MHz): 2.11(s, 2H), 3.84 (s,
3H), 4.26 (d, J ¼ 2.84 Hz, 4H), 6.94–7.02 (m, 1H), 7.23–7.25 (m,
1H), 7.27–7.31 (m, 3H), 7.35 (d, J ¼ 3.63 Hz, 1H), 7.45 (d, J ¼
15.54 Hz, 1H), 7.62–7.95 (m, 2H). ESI-MS: 311.34 (C19H19O4,
[M + H]+). Anal. calcd for C19H18O4: C, 73.53; H, 5.85%. Found:
C, 73.51; H, 5.86%.
23910 | RSC Adv., 2014, 4, 23904–23913
4.1.9 General synthetic procedure of dihydropyrazole
derivatives 10a–27a. A mixture of chalcones 10–27 (10 mmol),
thiosemicarbazide (10 mmol), and KOH (0.025 mol) was
reuxed in ethanol (25 ml) for 12 h. The solution was poured
into ice water. The precipitate was ltered and crystallized from
methanol to afford the target compounds.

4.1.10 5-(Benzo[d][1,3]dioxol-5-yl)-3-phenyl-4,5-dihydro-1H-
pyrazole-1-carbothioamide (10a). White crystal, yield: 75%. MP:
196–198 �C. 1H NMR (DMSO-D6, 300 MHz): 3.09–3.17 (m, 1H),
3.80–3.90 (m, 1H), 5.84 (dd, J1¼ 3.12 Hz, J2¼ 11.16 Hz, 1H), 5.97
(s, 2H), 6.59–6.65 (m, 2H), 6.84 (d, J ¼ 7.86 Hz, 1H), 7.43–7.47
(m, 3H), 7.86–7.89 (m, 3H), 8.02 (s, 1H). ESI-MS: 326.38
(C17H16N3O2S, [M + H]+). Anal. calcd for C17H15N3O2S: C, 62.75;
H, 4.65; N, 12.91%. Found: C, 62.72; H, 4.64; N, 12.89%.

4.1.11 5-(Benzo[d][1,3]dioxol-5-yl)-3-(4-uorophenyl)-4,5-
dihydro-1H-pyrazole-1-carbothioamide (11a). White crystal,
yield: 72%. MP: 213–214 �C. 1H NMR (DMSO-D6, 300 MHz): 3.14
(dd, J1 ¼ 3.27 Hz, J2 ¼ 17.91, 1H), 3.84 (dd, J1 ¼ 11.13 Hz, J2 ¼
17.91 Hz, 1H), 5.84 (d, J ¼ 8.25 Hz, 1H), 5.97 (s, 2H), 6.59–6.64
(m, 2H), 6.84 (d, J ¼ 7.89 Hz, 1H), 7.30 (t, J ¼ 8.97 Hz, 2H), 7.91–
7.96 (m, 3H), 8.02 (s, 1H). ESI-MS: 344.38 (C17H15FN3O2S, [M +
H]+). Anal. calcd for C17H14FN3O2S: C, 59.46; H, 4.11; N, 12.24%.
Found: C, 59.44; H, 4.12; N, 12.23%.

4.1.12 5-(Benzo[d][1,3]dioxol-5-yl)-3-(4-chlorophenyl)-4,5-
dihydro-1H-pyrazole-1-carbothioamide (12a). White crystal,
yield: 73%. MP: 221–223 �C. 1H NMR (DMSO-D6, 300 MHz): 3.13
(dd, J1¼ 3.48 Hz, J2¼ 18.12 Hz, 1H), 3.84 (dd, J1¼ 11.34 Hz, J2¼
18.12 Hz, 1H), 5.84 (dd, J1 ¼ 3.48 Hz, J2 ¼ 11.34 Hz, 1H), 5.97 (s,
2H), 6.58–6.64 (m, 2H), 6.83 (d, J¼ 8.04 Hz, 1H), 7.52 (d, J¼ 8.58
Hz, 2H), 7.80 (d, J¼ 8.58 Hz, 2H), 7.81–7.90 (m, 1H), 8.05 (s, 1H).
ESI-MS: 360.83 (C17H15ClN3O2S, [M + H]+). Anal. calcd for
C17H14ClN3O2S: C, 56.74; H, 3.92; N,11.68%. Found: C, 56.72; H,
3.91; N, 11.70%.

4.1.13 5-(Benzo[d][1,3]dioxol-5-yl)-3-(4-bromophenyl)-4,5-
dihydro-1H-pyrazole-1-carbothioamide (13a). White crystal,
yield: 69%. MP: 231–233 �C. 1H NMR (DMSO-D6, 300 MHz): 3.13
(dd, J1¼ 3.48 Hz, J2¼ 18.12 Hz, 1H), 3.84 (dd, J1¼ 11.34 Hz, J2¼
17.98 Hz, 1H), 5.84 (d, J ¼ 8.04 Hz, 1H), 5.97 (s, 2H), 6.59–6.65
(m, 2H), 6.84 (d, J ¼ 8.04 Hz, 1H), 7.65 (d, J ¼ 8.58 Hz, 2H), 7.82
(d, J ¼ 8.61Hz, 2H), 7.94 (s, 1H), 8.05 (s, 1H). ESI-MS: 405.28
(C17H15BrN3O2S, [M + H]+). Anal. calcd for C17H14BrN3O2S: C,
50.50; H, 3.49; N, 10.39%. Found: C, 50.52; H, 3.47; N, 10.42%.

4.1.14 5-(Benzo[d][1,3]dioxol-5-yl)-3-p-tolyl-4,5-dihydro-1H-
pyrazole-1-carbothioamide (14a). White crystal, yield: 65%. MP:
202–204 �C. 1H NMR (DMSO-D6, 300 MHz): 2.34 (s, 3H), 3.10
(dd, J1¼ 3.30 Hz, J2¼ 18.12 Hz, 1H), 3.83 (dd, J1¼ 11.16 Hz, J2¼
17.91 Hz, 1H), 5.83 (dd, J1 ¼ 3.12 Hz, J2 ¼ 11.16 Hz, 1H), 5.97 (s,
2H), 6.58–6.65 (m, 2H), 6.83 (d, J¼ 8.04 Hz, 1H), 7.26 (d, J¼ 8.10
Hz, 2H), 7.76 (d, J ¼ 8.22 Hz, 2H), 7.82 (s, 1H), 7.97 (s, 1H). ESI-
MS: 340.41 (C18H18N3O2S, [M + H]+). Anal. calcd for
C18H17N3O2S: C, 63.70; H, 5.05; N, 12.38%. Found: C, 63.72; H,
5.04; N, 12.40%.

4.1.15 5-(Benzo[d][1,3]dioxol-5-yl)-3-(4-methoxyphenyl)-4,5-
dihydro-1H-pyrazole-1-carbothioamide (15a). White crystal,
yield: 73%. MP: 210–212 �C. 1H NMR (DMSO-D6, 300 MHz): 3.10
(d, J¼ 13.64 Hz, 1H), 3.83 (m, 4H), 5.81 (d, J¼ 8.04 Hz, 1H), 5.96
This journal is © The Royal Society of Chemistry 2014
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(s, 2H), 6.61 (t, J¼ 7.77 Hz, 2H), 6.82 (d, J¼ 8.07 Hz, 1H), 7.00 (d,
J ¼ 8.97 Hz, 2H), 7.81 (d, J ¼ 8.76 Hz, 2H), 7.92 (s, 1H). ESI-MS:
356.41 (C18H18N3O3S, [M + H]+). Anal. calcd for C18H17N3O3S: C,
60.83; H, 4.82; N, 11.82%. Found: C, 60.81; H, 4.81; N, 11.85%.

4.1.16 5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-phenyl-4,5-
dihydro-1H-pyrazole-1-carbothioamide (16a). White crystal,
yield: 57%. MP: 198–200 �C. 1H NMR (DMSO-D6, 300 MHz): 3.12
(dd, J1¼ 3.09 Hz, J2¼ 17.91 Hz, 1H), 3.83 (dd, J1¼ 11.16 Hz, J2¼
17.94 Hz, 1H), 4.22 (d, J ¼ 20.49 Hz, 4H), 5.81 (dd, J1 ¼ 3.12 Hz,
J2 ¼ 11.16 Hz, 1H), 6.58–6.61 (m, 2H), 6.78 (d, J ¼ 8.04 Hz, 1H),
7.41–7.47 (m, 3H), 7.86–7.89 (m, 3H), 8.00 (s, 1H). ESI-MS:
340.41 (C18H18N3O2S, [M + H]+). Anal. calcd for C18H17N3O2S: C,
63.70; H, 5.05; N, 12.38%. Found: C, 63.72; H, 5.04; N, 12.37%.

4.1.17 5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-(4-uoro-
phenyl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (17a).
White crystal, yield: 74%. MP: 205–207 �C. 1H NMR (DMSO-D6,
300 MHz): 3.10 (dd, J1 ¼ 3.27 Hz, J2 ¼ 18.09 Hz, 1H), 3.80 (dd,
J1 ¼ 11.34 Hz, J2 ¼ 18.12Hz, 1H), 4.17 (s, 4H), 5.79 (dd, J1 ¼ 3.09
Hz, J2 ¼ 11.31 Hz, 1H), 6.55–6.59 (m, 2H), 6.76 (d, J ¼ 7.86 Hz,
1H), 7.28 (t, J ¼ 8.96 Hz, 2H), 7.89–7.99 (m, 4H). ESI-MS: 358.40
(C18H17FN3O2S, [M + H]+). Anal. calcd for C18H16FN3O2S: C,
60.49; H, 4.51; N, 11.76%. Found: C, 60.51; H, 4.50; N, 11.78%.

4.1.18 3-(4-Chlorophenyl)-5-(2,3-dihydrobenzo[b][1,4]dioxin-
6-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (18a). White
crystal, yield: 76%. MP: 225–226 �C. 1H NMR (DMSO-D6, 300
MHz): 3.11 (dd, J1 ¼ 3.12 Hz, J2 ¼ 17.70 Hz, 1H), 3.82 (dd, J1 ¼
11.34 Hz, J2 ¼ 18.09 Hz, 1H), 4.19 (s, 4H), 5.81 (dd, J1 ¼ 3.12 Hz,
J2 ¼ 11.34 Hz, 1H), 6.57–6.60 (m, 2H), 6.77 (d, J ¼ 8.25 Hz, 1H),
7.52 (dd, J1 ¼ 2.01 Hz, J2 ¼ 6.75 Hz, 2H), 7.88–7.90 (m, 2H), 7.92
(d, J ¼ 7.68 Hz, 1H), 8.03 (s, 1H). ESI-MS: 374.86
(C18H17ClN3O2S, [M + H]+). Anal. calcd for C18H16ClN3O2S: C,
57.83; H,4.31; N,11.24%. Found: C, 57.81; H, 4.30; N, 11.22%.

4.1.19 3-(4-Bromophenyl)-5-(2,3-dihydrobenzo[b][1,4]dioxin-
6-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (19a). White
crystal, yield: 64%. MP: 236–238 �C. 1H NMR (DMSO-D6, 300
MHz): 3.10 (dd, J1 ¼ 3.48 Hz, J2 ¼ 18.09 Hz, 1H), 3.81 (dd, J1 ¼
11.16 Hz, J2 ¼ 17.73 Hz, 1H), 4.19 (s, 4H), 5.81 (d, J ¼ 8.22 Hz,
1H), 6.57–6.60 (m, 2H), 6.77 (d, J¼ 8.04 Hz, 1H), 7.65 (d, J¼ 8.61
Hz, 2H), 7.80–7.93 (m, 2H), 8.04 (s, 1H), 8.31 (s,1H). ESI-MS:
419.31 (C18H17BrN3O2S, [M + H]+). Anal. calcd for
C18H16BrN3O2S: C, 51.68; H, 3.86; N, 10.05%. Found: C, 51.70;
H, 3.85; N, 10.06%.

4.1.20 5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-p-tolyl-4,5-
dihydro-1H-pyrazole-1-carbothioamide (20a). White crystal,
yield: 75%. MP: 203–205 �C. 1H NMR (DMSO-D6, 300 MHz): 2.34
(s, 3H), 3.08 (dd, J1 ¼ 2.94 Hz, J2 ¼ 17.91 Hz, 1H), 3.80 (dd, J1 ¼
11.16 Hz, J2 ¼ 17.76 Hz, 1H), 4.19 (s, 4H), 5.80 (dd, J1 ¼ 3.09 Hz,
J2 ¼ 11.13 Hz, 1H), 6.56–6.60 (m, 2H), 6.77 (d, J ¼ 8.04 Hz, 1H),
7.26 (d, J ¼ 8.04 Hz, 2H), 7.76 (d, J ¼ 8.22 Hz,2H), 7.81 (s, 1H),
7.96 (s, 1H). ESI-MS: 354.44 (C19H20N3O2S, [M + H]+). Anal. calcd
for C19H19N3O2S: C, 64.57; H, 5.42; N, 11.89%. Found: C, 64.55;
H, 5.41; N, 11.87%.

4.1.21 5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-3-p-tolyl-4,5-
dihydro-1H-pyrazole-1-carbothioamide (21a). White crystal,
yield: 78%. MP: 212–214 �C. 1H NMR (DMSO-D6, 300 MHz): 3.08
(dd, J1¼ 2.94 Hz, J2¼ 17.96 Hz, 1H), 3.79 (dd, J1¼ 11.52 Hz, J2¼
19.20 Hz, 1H), 3.83 (s, 3H), 4.19 (s, 4H), 5.79 (d, J¼ 8.22 Hz, 1H),
This journal is © The Royal Society of Chemistry 2014
6.58 (d, J ¼ 8.61 Hz, 2H), 6.77 (d, J ¼ 8.04 Hz, 1H), 7.00 (d, J ¼
8.76 Hz, 2H), 7.81 (d, J ¼ 8.79 Hz, 3H), 7.91 (s, 1H). ESI-MS:
370.44 (C19H20N3O3S, [M + H]+). Anal. calcd for C19H19N3O3S: C,
61.77; H, 5.18; N, 11.37%. Found: C, 61.76; H, 5.17; N, 11.36%.

4.1.22 5-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-3-phenyl-
4,5-dihydro-1H-pyrazole-1-carbothioamide (22a). White crystal,
yield: 67%. MP: 201–203 �C. 1H NMR (DMSO-D6, 300 MHz): 2.10
(s, 2H), 3.12 (dd, J1 ¼ 3.02 Hz, J2 ¼ 17.98 Hz, 1H), 3.84 (dd, J1 ¼
11.34 Hz, J2 ¼ 18.02 Hz, 1H), 4.13 (s, 4H), 5.86 (dd, J1 ¼ 2.96 Hz,
J2 ¼ 11.24 Hz, 1H), 6.72 (d, J ¼ 8.01 Hz, 2H), 6.86–6.98 (m, 2H),
7.34 (t, J ¼ 8.78 Hz, 2H), 7.80–8.05 (m, 4H), 8.03 (s,1H). ESI-MS:
354.12 (C19H20N3O2S, [M + H]+). Anal. calcd for C19H19N3O2S: C,
64.57; H, 5.42; N, 11.89%. Found: C, 61.47; H, 4.87; N, 11.32%.

4.1.23 5-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-3-(4-
uorophenyl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (23a).
White crystal, yield: 72%. MP: 207–210 �C. 1H NMR (DMSO-D6,
300 MHz): 2.11 (s, 2H), 3.13 (dd, J1¼ 2.94 Hz, J2¼ 17.94 Hz, 1H),
3.82 (dd, J1 ¼ 11.24 Hz, J2 ¼ 17.87 Hz, 1H), 4.14 (s, 4H), 5.84 (dd,
J1 ¼ 2.94 Hz, J2 ¼ 11.16 Hz, 1H), 6.70 (d, J ¼ 8.04 Hz, 2H), 6.87–
6.97 (m, 1H), 7.30 (t, J¼ 8.78 Hz, 2H), 7.78–8.01 (m, 4H). ESI-MS:
372.43 (C19H19FN3O2S, [M + H]+). Anal. calcd for C19H18FN3O2S:
C, 61.44; H, 4.88; N, 11.31%. Found: C, 61.47; H, 4.87; N,
11.32%.

4.1.24 3-(4-Chlorophenyl)-5-(3,4-dihydro-2H-benzo[b][1,4]-
dioxepin-7-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (24a).
White crystal, yield: 78%. MP: 220–222 �C. 1H NMR (DMSO-D6,
300 MHz): 2.06 (s, 2H), 3.11 (dd, J1¼ 3.09 Hz, J2¼ 17.91 Hz, 1H),
3.81 (dd, J1 ¼ 11.16 Hz, J2 ¼ 17.94 Hz, 1H), 4.08 (s, 4H), 5.82 (d,
J ¼ 8.25 Hz, 1H), 6.67–6.70 (m, 2H), 6.88 (d, J ¼ 8.40 Hz, 1H),
7.50 (d, J ¼ 8.43 Hz, 2H), 7.86–7.89 (m, 2H), 7.92 (s, 1H), 8.03 (s,
1H). ESI-MS: 388.88 (C19H19ClN3O2S, [M + H]+). Anal. calcd for
C19H18ClN3O2S: C, 58.83; H, 4.68; N, 10.83%. Found: C, 58.81;
H, 4.67; N, 10.81%.

4.1.25 3-(4-Bromophenyl)-5-(3,4-dihydro-2H-benzo[b][1,4]-
dioxepin-7-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (25a).
White crystal, yield: 71%. MP: 226–228 �C. 1H NMR (DMSO-D6,
300 MHz): 2.08 (s, 2H), 3.12 (dd, J1¼ 3.30 Hz, J2¼ 18.12 Hz, 1H),
3.83 (dd, J1 ¼ 11.34 Hz, J2 ¼ 18.09 Hz, 1H), 4.08 (s, 4H), 5.85 (dd,
J1 ¼ 3.09 Hz, J2 ¼ 11.34 Hz, 1H), 6.68–6.72 (m, 2H), 6.89 (d, J ¼
7.86 Hz, 1H), 7.65 (d, J ¼ 8.58 Hz, 2H), 7.82 (d, J ¼ 8.40 Hz, 2H),
7.95 (s, 1H), 8.06 (s, 1H). ESI-MS: 433.33 (C19H19BrN3O2S, [M +
H]+). Anal. calcd for C19H18BrN3O2S: C, 52.78; H, 4.20; N, 9.72%.
Found: C, 52.80; H, 4.21; N, 9.74%.

4.1.26 5-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-3-p-tolyl-
4,5-dihydro-1H-pyrazole-1-carbothioamide (26a). White crystal,
yield: 69%. MP: 202–205 �C. 1H NMR (DMSO-D6, 300 MHz): 2.07
(s, 2H), 2.34 (s, 3H), 3.10 (dd, J1 ¼ 3.09 Hz, J2 ¼ 17.91Hz, 1H),
3.81 (dd, J1 ¼ 11.16 Hz, J2 ¼ 17.91 Hz, 1H), 4.09 (s, 4H), 5.83 (d,
J ¼ 8.22 Hz, 1H), 6.68–6.72 (m, 2H), 6.89 (d, J ¼ 8.04 Hz, 1H),
7.26 (d, J ¼ 7.86 Hz, 2H), 7.76 (d, J ¼ 8.07 Hz, 2H), 7.83 (s, 1H),
7.97 (s, 1H). ESI-MS: 368.46 (C20H22N3O2S, [M + H]+). Anal. calcd
for C20H21N3O2S: C, 65.37; H, 5.76; N, 11.44%. Found: C, 65.35;
H, 5.75; N, 11.46%.

4.1.27 5-(3,4-Dihydro-2H-benzo[b][1,4]dioxepin-7-yl)-3-(4-
methoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (27a).
White crystal, yield: 64%. MP: 214–217 �C. 1H NMR (DMSO-D6,
300 MHz): 2.08 (s, 2H), 3.10 (dd, J1¼ 3.16 Hz, J2¼ 18.04 Hz, 1H),
RSC Adv., 2014, 4, 23904–23913 | 23911
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3.80 (dd, J1 ¼ 11.24 Hz, J2 ¼ 18.04 Hz, 1H), 3.84 (s, 3H), 4.11 (s,
4H), 5.83 (d, J¼ 8.14 Hz, 1H), 6.68–6.71 (m, 2H), 6.85 (d, J¼ 8.12
Hz, 1H), 7.34 (d, J ¼ 8.34 Hz, 2H), 7.78 (d, J ¼ 7.94 Hz, 2H), 7.83
(s, 1H), 7.95 (s, 1H). ESI-MS: 384.46 (C20H22N3O3S, [M + H]+).
Anal. calcd for C20H21N3O3S: C, 62.64; H, 5.52; N, 10.96%.
Found: C, 62.66; H, 5.53; N, 10.97%.
4.2 Biology

4.2.1 Telomerase inhibition assay. Compounds 10a–27a
were assayed for telomerase inhibition by a modied TRAP
assay with a SGC-7901 cell extract. The telomerase assay
methods used are the same as those previously described.34 The
results are reported in Table 1.

4.2.2 Antiproliferative activity assay. The antiproliferative
activity of the prepared compounds 10a–27a against SGC-7901
and B16-F10 cells was evaluated by the following protocol.
Target tumor cells were grown to log phase in RPMI 1640
medium supplemented with 10% fetal bovine serum. Aer
reaching a dilution of 3� 104 cells per ml in the medium, 100 ml
of the obtained cell suspension was added to each well of a 96-
well culture plate. Subsequently, incubation was performed at
37 �C in 5% CO2 atmosphere for 24 h before the cytotoxicity
assessment. Tested samples at pre-set concentrations were
added to six wells with 5-uorouracil employed as a positive
reference. Aer a 48 h exposure period, 25 ml of PBS containing
2.5 mg ml�1 of MTT was added to each well. Aer 4 h, the
medium was replaced with 150 ml DMSO to dissolve the purple
formazan crystals produced. The absorbance at 570 nm of each
well was measured using an ELISA plate reader. The data are
represented as a mean of three independent experiments per-
formed in triplicate and are expressed as mean � SD. The IC50

value was dened as the concentration, at which 50% of the
cells survived. The results are summarized in Table 2.

4.2.3 Flow cytometry assay. SGC-7901 cells were seeded
into T25 culture asks and treated the following day with 3 mM
concentrations of test compounds for 72 h or le untreated
(control condition). Each sample was evaluated in triplicate.
The samples were then analyzed by FACS Calibur ow cytometer
(Becton Dickinson, San Jose, CA).

4.2.4 Western blot analysis. Aer incubation for 24 h, the
SGC-7901 cells were washed with PBS and lysed in the lysis
buffer (30 mM Tris, pH 7.5, 150 mM sodium chloride, 1 mM
phenylmethylsulfonyl uoride, 1 mM sodium orthovanadate,
1% Nonidet P-40, 10% glycerol, and phosphatase and protease
inhibitors). Aer 10 000g centrifugation for 10 min, the protein
content of the supernatant was determined by a BCATM protein
assay kit (Pierce, Rockford, IL). The protein lysates were sepa-
rated by 10% SDS-PAGE and subsequently electrotransferred
onto a polyvinylidene diuoride membrane (Millipore Corp.,
Bedford, MA). The membrane was blocked with 5% non-fat
milk for 2 h at room temperature. The blocked membrane was
probed with the indicated primary antibodies overnight at 4 �C,
and then incubated with a horse radish peroxidase (HRP)-
coupled secondary antibody. The detection was performed
using a LumiGLO chemiluminescent substrate system (KPL,
Guildford, UK).
23912 | RSC Adv., 2014, 4, 23904–23913
4.3 Docking simulations

Molecular docking of compounds 10a into the three-dimen-
sional X-ray structure of telomerase catalytic subunit (PDB code:
3DU6) was carried out using the Discovery Studio (version 3.5)
as implemented using Discovery Studio CDOCKER protocol.

The three-dimensional structures of the aforementioned
compounds were constructed using ChemBio 3D Ultra 11.0
soware [Chemical Structure Drawing Standard; Cambridge
So corporation, USA (2008)], and then they were energetically
minimized using MMFF94 with 5000 iterations and a minimum
RMS gradient of 0.10. The crystal structures of TERT protein
catalytic subunit were retrieved from the RCSB Protein Data
Bank (http://www.rcsb.org/pdb/home/home.-do). All bound
water and ligands were eliminated from the protein and polar
hydrogens were added. The whole 3DU6 was dened as a
receptor, and the site sphere was selected based on the active
centre of 3DU6 according to a previous report.5 Subsequently,
compound 10a was placed in the molecular docking procedure,
and different types of interactions between the docked protein
and the ligand were analyzed at the end of the molecular
docking.
4.4 QSAR model

A subset of 25 compounds was utilized as a training set for
QSAR modeling. Because it is essential to assess the predictive
power of the resulting QSAR models on an external set of
inhibitors, the remaining 4 molecules (ca. 20% of the dataset)
were employed as an external test subset for validating the
QSAR models by the Diverse Molecules protocol in the
Discovery Studio 3.1. The selected test compounds were: 20A,
10a, 25A, 15A, 18A and 17a.

The inhibitory ability of the compounds observed in the
literature [IC50 (mol l�1)] was changed to a negative logarithmic
scale [pIC50 (mol l�1)], and then used for subsequent QSAR
analyses as a response variable.

In the Discovery Studio 3.1, the CHARMm force eld was
used and the electrostatic potential and the van der Waals
potential were treated as separate terms. A +1e point charge was
used as the electrostatic potential probe and the distance-
dependent dielectric constant was used to mimic the solvation
effect. For the van der Waals potential, a carbon atom with a
radius of 1.73 Å was used as a probe. The truncation for both
steric and the electrostatic energies was set to 30 kcal mol�1.
Standard parameters were implemented in the Discovery Studio
3.1.

A partial least-squares (PLS) model was built using energy
grids as descriptors. QSARmodels were built using the 3D-QSAR
protocol of Discovery Studio 3.5.
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