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a b s t r a c t

The well-known diuretic Ethacrynic acid (EA, Edecrin), showing low anti-proliferative activities, was
chemically modified at different positions. The new EA derivatives have been tested in vitro in anti-
proliferative assays on both tumor KB (epidermal carcinoma) and leukemia HL60 (promyelocytic) cells
suitable targets for anticancer activity. Reduction of the a-b double bond of EA completely abolished anti-
cancer activities, whereas introduction of either 2-(4-substituted phenyl)ethanamine (series A) or 4-(4-
substituted phenyl)piperazine (series B) moieties generated compounds showing moderate to strong
anti-proliferative activities against human cancer cell lines. Several substitutions on the phenyl of these
two moieties are tolerated. The mechanism of action of the EA derivatives prepared in this study is more
complex than the inhibition of glutathione S-transferase p ascribed as unique effect to EA and might help
to overcome tumor resistances.

© 2016 Published by Elsevier Masson SAS.

1. Introduction

Cancer is the second leading cause of death in North America
and Europe [1]. Although an armada of anticancer agents has
received FDA approval over the past two decades [2], the in-
efficiency of their discovery and development is no longer sus-
tainable and the pipeline of new cancer agents is slim. Today, the

outcome of patients with advanced metastasis, for instance
regarding lung, colorectal, prostate and breast cancers, remains
very poor [3]. The development of anticancer agents for several
decades was based on the identification of active compounds, with
cytostatic or cytotoxic activity on tumor cell lines, but with many
side effects. Consequently, new anticancer agents within new
chemical families are urgently needed to allow an extension of this
cancer-fighting armada. In addition to the discovery and develop-
ment of new anticancer agents, an improved understanding of each
cancer patient’s needs is also essential to enhance the ability of
standard treatments to kill cancer cells without significantly
affecting normal cells [4].

One important consideration in the development of cancer
treatment regimens is resistance against anticancer drugs, which
remains a serious obstacle [5]. Indeed, microsomal glutathione
transferase 1 (mGST1) and glutathione transferase p (GST p) are
often overexpressed in tumors and confer resistance against a
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number of cytostatic drugs, such as cisplatin and doxorubicin (DOX)
[6]. To address this point, the diuretic drug ethacrynic acid (EA,
Edecrin) 1, an inhibitor of p class glutathione S-transferase, has
been tested against multiple myeloma, and as adjuvant in clinical
trials [7]. On the basis of these considerations, Dyson et al. [8] and
Osella et al. [9] synthesized and characterized the bifunctional EA-
Pt(IV) complex 2 (ethacraplatin) and the EAePt(II) complex 2′ (cis-
diaminobis(ethacrynato)platinum(II) (Fig. 1), both of them able to
release a cytotoxic platinum (II) agent (inducing apoptosis of cancer
cell) and two EA moieties (inhibiting glutathione S-transferase
(GST) and overcoming drug resistance) via hydrolysis or reduction,
respectively. Ethacraplatin 2 resulted to be an excellent inhibitor of
GST in several tumor cell lines such as A549 lung adenocarcinoma
epithelial cell line, MCF7 and T47D breast tumor cell lines and HT29
colon cancer cell line albeit demonstrating a moderate anti-
proliferative activity. Unfortunately, the bifunctional conjugates 2
and 2′ did not offer any advantage over cisplatin for the treatment
of malignant pleural mesothelioma (MPM) cells, since the increase
of intracellular glutathione (GSH) counteracts the modest inhibi-
tion of GST [10]. Recently, Yang et al. constructed biodegradable
nanoparticles to codeliver EA and dichloro(1,2-
diaminocyclohexane)platinum(II) (DACHPt) which is a precursor
of oxaliplatin as a promising approach to overcome the drug
resistance in cancer chemotherapy [11]. In vitro studies showed
that these hybrid nanoparticles could release both EA and DACHPt
enhancing of up to ~5 fold of the anticancer efficacy versus DACHPt
alone. Interestingly, in vivo studies showed better anticancer ac-
tivities than the simple combination of EA and DACHPt.

The development of new and potent anticancer agents based on
EA will undoubtedly offer new opportunities to tackle cancer and
some reports in this direction appeared recently reviewed by us
and others [12,13]. In order to improve the poor anti-proliferative
activity of EA [14], we designed original EA derivatives based on
modifications of the EA core structure and tested the resulting
derivatives for their capacity to inhibit cell growth in vitro. For this
initial screening, we tested the chemicals on three cell lines: two
actively dividing cell lines derived from human cancer, human KB
carcinoma and human leukemia HL60, and the non-dividing
quiescent endothelial progenitor cells (EPC) from Cyprinus carpio.
Cell number and cellular NADH content evaluated after 72 h
chemical exposure provided relevant information concerning
viability. The two different tumor cell lines have been selected as
representative ‘models’ of the two common types of cancer: solid
tumor cancers (e.g. breast, lung, colon, etc.) and blood-based

cancers (e.g. leukemia, lymphoma, myeloma etc.). According to a
recent analysis, the percentage of new patients annually diagnosed
for solid tumor cancers and blood-based cancers is 34% and 9%,
respectively, whereas the percentage of cancer related deaths is
43% and 9%, respectively [15].

Herein, we report the design, preparation and anti-proliferative
activity of original EA derivatives active upon cancer cell lines and
exemplifying a promising class of potent anticancer agents. The
preparation of EA derivatives and their synthetic pathways are
described in Schemes 1e6 and their mode of action was proposed.
The mechanism of action of the EA derivatives prepared in this
study is more complex that the potent inhibition of p class gluta-
thione S-transferase attributed to EA and could potentially over-
come tumor resistances.

2. Chemistry

The initial strategic design of these EA derivatives can be divided
into two parts as shown in Fig. 2: part 1: modification of the 3-
methylenepentan-2-one unit; and part 2: modification of the car-
boxylic acid unit. In this study, we decided not to modify the core of
the EA.

As a first strategic attempt to identify a strongly toxic EA de-
rivative and to investigate SAR, we targeted the a,b unsaturated
carbonyl moiety of EA (part 1) as shown in Scheme 1.

The synthesis of compounds 3 and 4 was initiated from the
commercially available EA. The treatment of EA with hydrogen
(3 bars) in the presence of Pd/C in isopropanol for 20 min provided
compound 3 in quantitative yield. Compound 4 was prepared in
three steps. Thus, the treatment of EA with methanol in the pres-
ence of p-toluenesulfonic acid (PTSA) at room temperature led to
the corresponding methyl ester. This intermediate was subjected to
the Luche reductionwith NaBH4 in presence of CeCl3 in a mixture of
H2O/methanol. Then, the reactionmixturewas treatedwith sodium
hydroxide in methanol to furnish the free acid 4.

Then, to further explore SAR in the EA series, we directed our
efforts to the preparation of two original EA derivative series based
on modifications in the part 2 (Fig. 3): series A (2-(4-substituted
phenyl)ethanamine) and series B (4-(4-substituted phenyl)pipera-
zine) and for this purpose EA derivatives 5e22 were prepared.

The synthesis of EA derivatives 5e9, 19 and 22 is shown in
Scheme 2, whereas the synthesis of 10e17 is shown in Scheme 3.
The preparation of original derivatives 5e9,19 and 22was achieved
in one step synthesis from EA and various amines using

Fig. 1. Chemical structure of ethacrynic acid (EA, 1), DACHPt, Pt(IV) and Pt(II) ethacrynic derivatives (2 and 2′).
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