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Synthesis of some pyrazole derivatives and preliminary
investigation of their affinity binding to P-glycoprotein
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Abstract—A series of substituted pyrazolines were synthesized and evaluated for their anticancer activity and for their ability
to inhibit P-glycoprotein-mediated multidrug resistance by direct binding to a purified protein domain containing an ATP-binding
site and a modulator interacting region. Compounds 2a and e have been found to bind to P-glycoprotein with greater affinity.

© 2005 Elsevier Ltd. All rights reserved.

The identification of novel structures that can be poten-
tially useful in designing new, potent selective, and less
toxic anticancer agents is still a major challenge to
medicinal chemistry researchers.

As reported in the literature,! 1,3-diaryl-2-propen-1-
ones or chalcones 1 (see Chart 1) are a class of antican-
cer agents that have shown promising therapeutic effica-
cy in the management of human cancers. Several
chalcones are cytotoxic toward a number of different tu-
mor lines. In particular, they inhibit the proliferation of
both established and primary ovarian cells. Moreover,
recent studies have shown that chalcones also induce
apoptosis in a variety of cell types, including breast can-
cer.”? Chalcones have shown preferential reactivity
toward thiols* in contrast to amino and hydroxyl
groups. Therefore, because interactions with nucleic
acids may be absent, problems of mutagenicity and car-
cinogenicity that have been associated with certain
alkylating agents used in cancer chemotherapy could
be eliminated. It is important to note that the resistance
of human malignancy to chemotherapeutic agents re-
mains a major obstacle to an efficient cancer therapy.
The induction of multiple drug resistance (MDR) is
the phenomenon in which the exposure of tumor cells
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Chart 1. 1, 1,3-Diaryl-2-propen-1-ones (chalcones); 2, l-acetyl-3,5-
diphenyl-4,5-dihydro-(1 H)-pyrazole; 3, 4-hydroxypyrazole C-glycoside
(pyrazofurin).

to a single cytotoxic agent results in cross-resistance to
the other structurally unrelated classes of cytotoxic
agents. Moreover, on account of MDR many bacteria
that cause infections are becoming increasingly difficult
to treat.>”” The multidrug resistance of cancer cells is of-
ten associated with an accelerated efflux of the chemo-
therapeutic agent by an ATP-dependent process. A
family of proteins is responsible for this efflux. In partic-
ular, the over-expression of P-glycoprotein (P-gp), an
ABC-type plasma membrane transporter that rejects
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chemotherapeutic drugs out of the cell using ATP
hydrolysis as an energy source.® On account of the del-
eterious effect of P-glycoprotein on chemotherapeutic
efficiency, compounds that modify its function have a
potential by clinical value. Recently, several inhibitors
of P-glycoprotein-mediated drug efflux have been
identified. These so-called MDR modulators lead to
resensitization of multidrug resistant tumor cells to che-
motherapeutic agents. They include a variety of struc-
tural classes, such as calcium channel blockers (such as
verapamil, anthracyclines, vinca alkaloids, taxanes,
and epipodophyllotoxins) and immunosuppressors
(such as cyclosporine A that usually acts by competing
with cytotoxic drugs to bind to P-glycoprotein).®:!?

It is therefore of high priority to develop cytotoxic
agents that show good anticancer activity and can inhib-
it P-gp activity. Since chalcones 1 (see Chart 1) are inter-
mediates in the synthesis of pyrazoline, pursuing our
studies'"!? on these moieties we have synthesized and
evaluated the in vitro activity of derivatives 2 (see Chart
1) to investigate and evaluate their in vitro anticancer
activity, following literature reports on the discovery
of natural antibiotic pyrazofurin 3 (see Chart 1).3

Pyrazofurin has received considerable attention as a re-
sult of its many biological effects, including potent anti-
microbial and broad spectrum antiviral activities against
many DNA and RNA viruses. It has been reported that
pyrazofurin has been evaluated against several cell lines.
Consequently, it has only been used clinically as an anti-
cancer agent. Lastly, we investigated the ability of deriv-
atives 2 to bind P-glycoprotein, since, to our knowledge,
there are no reports investigating the antitumor activity
of pyrazolines on multidrug resistant (MDR) cells
or their potential to modulate the protein activity of
P-glycoprotein (P-gp).

Pyrazolines 2a-u were prepared, according to the
one-pot synthesis methods shown in Schemes 1 and 2.

Starting from chalcone 1, the 1-acetyl-3,5-diphenyl-4,5-
dihydro-(1 H)-pyrazole derivatives 2a—u were obtained
by the addition of hydrazine hydrate to acetic acid.!#?

Scheme 1. Reagents and conditions: (i) Ba(OH),, EtOH, 25°C;
(i1) N,Hy4, CH3COOH, refluxed.
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Scheme 2. Reagents and condition: (i) PPTS, CH,Cly; (ii) Ba(OH),,
EtOH, 30 °C; (iii) HCI 3 N, EtOH; (iv) N,H,, CH;COOH, refluxed.

Chalcones la-g were obtained by the direct Claisen—
Schmidt procedure, according to which the condensa-
tion of benzaldehyde derivatives with the substituted
acetophenone is effected using barium hydroxide as a
catalyst in ethanol.!4"

The hydroxyl groups present in derivatives 1h-u were
protected with 3,4-dihydro-a-pyrane and then hydro-
lyzed.'#¢ Structural assignment for compounds is based
on UV and 'H NMR, and is according to the literature
data. The chemical and physical data are reported in
Table 1. The microanalyses of derivatives 2a-u are
reported in Table 2.

All compounds 2a—u were tested to evaluate their cyto-

toxicity against human tumor cell lines. Pyrazoline
derivatives were dissolved in DMSO (stock solution,

Table 1. Chemical and physical data of compounds 2a—u

Compound R R’ Yield (%) Mp (°C)
2a H H 64 122-124
2b H 2-CHj; 44 110-112
2c H 3-CH; 54 78-80

2d H 4-CH; 43 110-111
2e H 2-OCH;, 53 157-159
2f H 3-OCHj3 49 162-164
2¢g H 4-OCH; 52 105-107
2h 4-OH H 91 170-173
2i 4-OH 2-CH; 74 183-186
2j 4-OH 3-CH; 68 157-159
2k 4-OH 4-CH,4 50 195-198
21 4-OH 2-OCHj; 68 154-156
2m 4-OH 3-OCHj3; 80 146-149
2n 4-OH 4-OCHj; 92 184-187
20 2,4-OH H 62 126-128
2p 2,4-OH 2-CH; 67 130-133
2q 2,4-OH 3-CH; 71 160-161
2r 2,4-OH 4-CH; 84 185-188
2s 2,4-OH 2-OCH3; 71 140-143
2t 2,4-OH 3-OCHj3; 81 154-156
2u 2,4-OH 4-OCH3; 89 149-151
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Table 2. Table of microanalyses of derivatives 2a-u

Compound C% H% N%
2a Calcd 84.53 6.08 9.39
Found 85.50 6.10 9.40
2b Calcd 84.58 6.45 8.97
Found 84.57 6.44 8.99
2¢ Calcd 84.58 6.45 8.97
Found 84.60 6.44 8.99
2d Calcd 84.58 6.45 8.97
Found 84.55 6.47 8.98
2e Calcd 80.46 6.14 8.53
Found 80.49 6.13 8.55
2f Calcd 80.46 6.14 8.53
Found 80.46 6.15 8.52
2g Calcd 80.46 6.14 8.53
Found 80.44 6.15 8.55
2h Calcd 80.23 5.77 8.91
Found 80.20 5.80 8.92
2i Calcd 80.46 6.14 8.53
Found 80.49 6.12 8.55
2j Calcd 80.46 6.14 8.53
Found 80.45 6.12 8.56
2k Calcd 80.46 6.14 8.53
Found 80.48 6.13 8.54
21 Calcd 76.72 5.85 8.13
Found 76.75 5.81 8.15
2m Calcd 76.72 5.85 8.13
Found 76.70 5.83 8.16
2n Calcd 76.72 5.85 8.13
Found 76.69 5.86 8.16
20 Calcd 76.34 5.49 8.48
Found 76.34 5.45 8.51
2p Calcd 76.72 5.85 8.13
Found 76.70 5.82 8.19
2q Calcd 76.72 5.85 8.13
Found 76.75 5.90 8.10
2r Calcd 76.72 5.85 8.13
Found 76.71 5.84 8.16
2s Calcd 73.32 5.59 7.77
Found 73.30 5.57 7.79
2t Calcd 73.32 5.59 7.77
Found 73.31 5.61 7.80
2u Calcd 73.32 5.59 7.77
Found 73.35 5.58 7.75

10 mM) and used within 7 days. The final DMSO con-
centration never exceeded 0.1% (v/v) either in controls
or in treated samples.

The cytotoxic activities of the synthesized compounds
were evaluated in vitro against A2780, A2780-CIS,
and ECACC.

To perform growth experiments, cells were seeded
(20,000 cells/well) in 96-well flat-bottomed plates (Cul-
tureplates, Perkin-Elmer Life Science). After 24 h, the
media were replaced, and after one wash those contain-
ing the drugs were added. Three independent experi-
ments were performed in quadruplicate. After 72 h of
culture in the presence of the tested compounds, the
plates were harvested and the number of viable cells
was estimated by dosing ATP using the ATPlite kit (Per-
kin-Elmer Life Science). The kit was employed following
manufacturer’s suggestions. For each drug/cell line, a
dose-response curve was plotted and ICsy values were
then calculated by fitting the concentration—effect curve

data obtained in the three experiments with the sigmoid-
E,.x model using non-linear regression, weighted by the
reciprocal of the concentration effect.!> All tested com-
pounds showed non-significant anticancer activity at
1Csq values higher than 10,000 nM.

All compounds 2a—u were also tested to investigate their
affinity binding to P-glycoprotein. A Rhodamine 123
(Rh 123) fluorescent probe (molecular probes) was used
to measure the functionality of the P-gp efflux pump
according to the protocol of the National Cancer Insti-
tute Drug Screen'®, except for a minor modification.
Briefly, MCF-7 ADRr cells were loaded at 37 °C with
0.5 pg/ml of the dye in PBS supplemented by 0.2%
BSA. After 15 min, the cells were transferred onto ice
and washed twice to remove free Rh 123 from the medi-
um. After washing, 10 uM of the potential P-gp inhibi-
tors was added and the cells were kept at 37 °C for
30-120 min. The positive control was Quercetin, a
well-known inhibitor of the P-gp function. An aliquot
of cells was maintained on ice to prevent dye efflux (con-
trol at 4 °C), and maximal efflux was effected by adding
the vehicle DMSO 0.1% and permitting efflux at 37 °C.
As regards flow cytometric acquisition, a minimum of
20,000 cells were acquired using an Epics-XL flow
cytometer with standard collection filters and electron-
ics. The mean channel of Rh 123 fluorescence was calcu-
lated for each condition and time point. The ratio of
mean channel between control at 37 °C and control at
4 °C was considered as the control dye efflux. Similarly,
the mean channel of Rh 123 fluorescence of treated cells
was divided by the control at 4 °C. This ratio was divid-
ed by the control dye efflux to establish the potency of P-
gp inhibition. The results from two independent experi-
ments were averaged.

The in vitro results of tests of P-gp inhibition are report-
ed in Figure 1. The data representation of derivatives, 21,
o, p, t, and u, is not reported, because they are totally
inactive (0%) at a concentration value of 10 uM. Figure
1 shows the percentage of inhibition of Quercetin used
as control (100%, dashed line). Derivatives 2b, ¢, d, g,
i, j, k, m, and q are comparable to or less active than
the control (<100%); derivatives 2f, h, n, and r show a
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Figure 1. Percentage of P-glycoprotein inhibition of derivatives 2a-k,
m, n, ¢, r, and s in comparison to Quercetin (P-gp inhibition 100%
dashed line).
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better binding affinity to P-glycoprotein than the control
(>100%). The most active derivatives are 2a, e, and s,
which are three (2s) or four times (2a and e) more potent
than Quercetin. Considering the data in Figure 1 of this
preliminary study, the following point on the structure—
activity relationship needs to be highlighted. The highest
affinity to P-gp was observed with compounds 2a and e,
where ring A remains unsubstituted, and which appears
to be the most important prerequisite for affinity when
comparing with other compounds. The presence of an
R’ substituent, such as hydrogen or 2-OCHj group, in
ring B also appears to be an important factor. In fact,
when R = H in ring A, the presence of a methyl group
and of a 3- or 4-OCHj3 group in R’ gives compounds
with no (2b-d, g) or non-significant affinity (2f). The
only exception was that observed with compound 2s,
which bears 2,4-OH in ring A and a 2-OCHj3; group in
ring B, and whose affinity to P-gp is one time lower than
those of 2a and e. All compounds with a 4-OH or 2,4-
OH in ring A (2h-n) showed no or very weak affinity
to P-gp, except for the above-mentioned compound 2s.
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