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ABSTRACT: A series of isatin—dihydropyrazole hybrids have been synthesized in order to assess their potential as anticancer
agents. In particular, 12 compounds were evaluated for their antiproliferative activity toward A549, IGR39, U87, MDA-MB-231,
MCE-7, BT474, BxPC-3, SKOV-3, and H1299 cell lines, and human foreskin fibroblasts. Four compounds exhibited interesting
antiproliferative activity and were further examined to determine their ECs, values toward a panel of selected tumor cell lines.
The best compounds were then investigated for their induced mechanism of cell death. Preliminary structure—activity
relationship indicates that the presence of a substituent such as a chlorine atom or a methyl moiety in position S of the isatin
nucleus is beneficial for the antitumor activity. EMAC4001 proved the most promising compound within the studied series with
EC;, values ranging from 0.01 to 0.38 uM.
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S everal anticancer chemotherapeutic agents act by causing cancer is a complex multifactorial disease and, therefore,
cell death either by directly inhibiting the synthesis of cannot be treated with a single drug therapy. Accordingly, new
DNA or by interfering with its function. Unfortunately, they agents, combining diverse pharmacophores in a single hybrid
are generally not specific for tumor cells and are therefore molecule, might represent a goal for the treatment of cancer
associated with high toxicity. Not surprisingly, nowadays, the and indeed a big effort has been put into the identification of
focus of the scientific community is oriented toward the anticancer multitarget hybrid agents.'’™"® In this respect, isatin
development of new target-directed, more specific cytotoxic is commonly recognized as a privileged scaffold in drug
agents. Such agents must be able to inhibit or modulate design.”""~** Moreover, it is a highly represented structural
identified molecular targets that are involved in the control of motif in kinase inhibitor anticancer drugs (Figure 1).>">° The
cancer cells, such as signal transduction, apoptosis, tran- structure—activity relationships of the isatin based multikinase

scription regulation, matrix invasion, and angiogenesis. Our
research group is currently involved in several projects
regarding the design and synthesis of anticancer agents
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directed toward several targets such as human carbonic Received: November 29, 2018
anhydrases (hCA),'”> DNA G-quadruplex, and hCA/COX2 Accepted: December 17, 2018
dual inhibitors.°™” However, it is commonly recognized that Published: December 18, 2018
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Figure 1. Structurally related multikinase inhibitor sunitinib (VEGFR, PDGFR, KIT, RET), nintedanib (VEGFR, EGFR, PDGFR), and
EMAC4000, 4001, 4003, 4005, 4007, 4008, 4011, 4012, 4014, 4015, 4018, and 4019 derivatives.

Scheme 1. Synthetic Pathway to Compounds EMAC4000, 4001, 4003, 4005, 4007, 4008, 4011, 4012, 4014, 4015, 4018, and
4019“
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“Reagents and conditions: (i) 2-acetylnaphtalene or 2-acetylthiophene, ethanol, NaOH 10% water solution, 0 °C; (ii) thiosemicarbazide, ethanol,
KOH 5%, reflux; (iii) ethyl bromoacetate, R-isatin, dry sodium acetate, acetic acid, reflux.

inhibitor nintedanib, as well as its drug development to phase dihydropyrazole isatin dihydrothiazole hybrids EMAC4000,
III clinical trial, has been recently reported.28 More in detail 4001, 4003, 4005, 4007, 4008, 4011, 4012, 4014, 4015,

the relevant role of the isatin nitrogen and of the carbonyl 4018, and 4019 to evaluate their activity toward diverse cancer
group in positions 1 and 2, as H-bond donor and acceptor cell lines. Analogous compounds have been previously
network, was outlined. However, with respect to the reported, and the most relevant structural features that are
structurally similar, multikinase inhibitor sunitinib, the isatin essential or beneficial for the activity have been outlined.”
nucleus was, in this case, decorated by a methoxycarbonyl Prompted by these observations, we aimed to further
group in position 6, instead of a fluorine atom in position S. investigate the effect of both the introduction of diverse
On this basis, we have synthesized a new series of substituents on the isatin nucleus and of the replacement of the
572 DOI: 10.1021/acsmedchemlett.8b00596
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Table 1. Antiproliferative Activity of Compounds EMAC4000, 4001, 4003, 4005, 4007, 4008, 4011, 4012, 4014, 4015, 4018,

and 4019 at 10 uM concentration

Ar
OCH,

% growth
EMAC
c i Ar R
ompoun MDA-

A549 IGR39 U87 MBD 531 MCE7 BT474 BxPC-3 SKOV-3 HI1299  Fibroblasts

4000 $7 7Br 9418 9864 9671 6815 10182 8824 5531  89.86 8102 4728
4001 o sa 384 130 159 687 381 2422 562 669 976 1440
4003 ({07 57-CHs 438 6340 6420 7298 12038 6218 4487 2655 87.83 5556
4005 S 7F 8655 10903 8619 8729 11814 11238 7307 67.65 6049  89.44
4007 {7 5-0CH; 393 120 113 967 364  49.12 S13 4143 985 1331
4008 0 sCHy 621 046 1420 1077 481 4025 502 6661 1934 11.84
4011 L) 7Br 8611 10094 5701 7390 12555 9435 53.68 8798 8915 4628
4012 L) sal 2238 0.90 435 8040 11202 8678  59.64 5658 116.69 47.54
4014 L) s7-CHs 10373 11676 12625 11092 11444 10319 7226 7992  119.87 80.32
4015 L) sF 6359 28.1S 1440 8147 11242 10248 7724 9406 6835  20.03
4018 L) 5-OCH; 6252 98.60 4485 9930 11979 9843  67.58 49.54 8588 6436
4019 A 5-CH; 2274 137 1208 7691 11202 9497 6244 3835 8397 4831

naphthalen-2-yl group with a thiazol-2-yl ring on the biological
activity. EMAC compounds were synthesized slightly modify-
ing previously reported methods (Scheme 1).*

Briefly, an ethanol solution of 2-acetylnaphthalene (for the
synthesis of EMAC4000, 4001, 4003, 4005, 4007, 4008) or 2-
acetylthiophene (for the synthesis of EMAC4011, 4012, 4014,
4015, 4018, 4019) was reacted at 0 °C with an equimolar
amount of 4-methoxybenzaldehyde in the presence of 1.2
equiv of sodium hydroxide 10% water solution. The obtained
solids were crystallized from ethanol. The obtained diary-
Ipropenones were reacted with thiosemicarbazide in refluxing
ethanol by adding a freshly prepared KOH 5% ethanol
solution. The formation of the dihydrothiazole ring and the
condensation of the substituted isatin was accomplished in a
single three component step. The 3,5-diaryldihydropyrazole,
ethyl bromoacetate, and the appropriate isatin derivative were
refluxed in acetic acid in the presence anhydrous sodium
acetate to give the desired products EMAC4000, 4001, 4003,
4005, 4007, 4008, 4011, 4012, 4014, 4015, 4018, and 4019.
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All compounds were characterized by means of analytical
and spectroscopic methods (SI, Tables S1 and S2, and Figures
$2—S36) and then evaluated for their ability to inhibit tumor
cell growth. First, the activity of the new derivatives was
evaluated for antiproliferative activity in the MTT assay at a
fixed concentration of 10 yuM toward a panel of nine human
cancer cell lines, namely AS49 (lung carcinoma), IGR39
(melanoma), U87 (glioblastoma), MDA-MB-231 (triple-
negative breast cancer), MCF-7 (breast adenocarcinoma),
BT474 (invasive ductal carcinoma), H1299 (non-small-cell
lung carcinoma), SKOV-3 (ovarian cancer), and BxPC-3
(pancreatic adenocarcinoma) cell lines, and human foreskin
fibroblasts. When tested toward cancer cell lines, some of the
compounds exhibited antiproliferative activity (Table 1). In
particular, compounds bearing a 2-naphthyl substituent in
position 3 of the dihydropyrazole ring were generally more
active than their corresponding 2-thiophenyl analogues.
Although with some differences, compounds EMAC4001,
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Table 2. EC,, Values of EMAC4001, EMAC4007, EMAC4008, and EMAC4012 toward a Panel of Selected Tumor Cells

OCH,
ECso values (UM)

EMAC

Ar R Fib
Compounds AS49 IGR39 U87  MCE7 BT474 BxPC-3 SKOV-3 HI299 bl‘a::;'
4001 &40 sa 034 033 038 007 0.09 0.06 0.06 0.01 //
4007 o socH; 073 0.50 067 027 0.24 0.10 // 0.15 0.27
4008 $ sCHs 018 0.4 023 031 /1 0.10 /! /! 0.15
4012 ALy sal // 297 576 // // /1 /7 /1 /1
Sunitinib // // // 0.96 0.90 2.5 1.36 1.54 0.30
Control 4001 4008

A549
IGR39
us7

Figure 2. Visualization of apoptotic (bright blue) and necrotic (red)
cells after treatment with 1/2 ECy, of EMAC4001 and EMAC4008.

EMAC4007, and EMAC4008 were found to be the most
active toward the entire cell panel.

Interestingly, EMAC4012 and EMAC4019 were the most
active within the 2-thiophenyl series when tested on IGR39
and U87 and IGR39, respectively, with antiproliferative activity
comparable to that of the 2-naphthyl analogues. Nevertheless,

it should be noted that these derivatives are the analogues of
the two most potent compounds of the 2-naphthyl series
EMAC4001 and EMAC4008, indicating that the presence of
the S-chloro or of its isostere 5-CHj substituent is optimal for
the antiproliferative activity within this class of compounds.
Prompted by these encouraging results, we measured the ECy,
values of the most active compounds of the 2-naphthyl series,
EMAC4001, EMAC4007, and EMAC4008, and of the best
performing derivative within the 2-thiophenyl series,
EMAC4012, on a panel of selected cancer cell lines (Table 2).

All compounds exhibited ECs values in the low micromolar
to high nanomolar range. EMAC4001 was the most potent
within all the tested compounds with ECs values ranging from
0.01 uM against H1299 to 0.38 uM against U87 cells (Table
2). The substitution of the 2-naphthyl moiety with the 2-
thiophenyl group in the position 3 of the dihydropyrazole ring
in EMAC4012 led to an evident decrease of the potency and
to ECs, values of 2.97 uM and 5.76 uM toward IGR39 and
U87 cell lines, respectively. Interestingly, when tested on A549,
IGR39, and U87, EMAC4008 exhibited the highest activity
compared with compounds EMAC4001, EMAC4007, and
EMAC4012, with ECy, values of 0.18 M, 0.14 1M, and 0.23
UM, respectively. On the basis of these results, it can be
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Figure 3. (a) Percentage of necrotic cells after treatment with 1/2 ECg, of EMAC4001 and EMAC4008. (b) Percentage of apoptotic cells after

treatment with 1/2 ECy, of EMAC4001 and EMAC4008.
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observed that the 5-Cl-isatin is generally the most efficient, but
at least in some cases, its isosteric replacement with the 5-CHj3-
isatin is well tolerated or even more advantageous.
Furthermore, to better characterize the biological behavior of
these derivatives, we investigated the mechanism of cellular
death when the cells are treated with half of the ECj,
concentration of compounds EMAC4001 and EMAC4008.
Results are presented in Figure 2, and the percentage of
apoptotic and necrotic cells is reported in Figure 3.

Results were more than encouraging. In all three considered
cell lines, the percentage of apoptotic cells ranges between
13.5% and 27%. Conversely, when the number of necrotic cells
is considered, EMAC4001 or EMAC4008 induced necrosis of
less than 1% of the cell population. Results show that tested
compounds induce cell death mostly through apoptosis.
Overall these results indicate that a specific mechanism, such
as the inhibition of a signaling pathway, might be the target of
EMAC derivatives.

Although further studies are needed to clarify and identify
the exact mechanism of action of such derivatives, our data
indicate that the hybridization of S-chloroisatin with 3,5-
diaryldihydropyrazoles by the interposition of a dihydrothia-
zole spacer is a promising approach to the identification of
anticancer agents. With this information in our hand, we are
encouraged to further investigate these scaffolds in order to
optimize their activity and pharmacokinetic properties.
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