
Research paper

Exploring the 3-piperidin-4-yl-1H-indole scaffold as a novel
antimalarial chemotype

Sofia A. Santos a, b, Amanda K. Lukens c, d, Lis Coelho e, F�atima Nogueira e,
Dyann F. Wirth c, d, Ralph Mazitschek b, c, d, Rui Moreira a, Alexandra Paulo a, *

a Research Institute for Medicines (iMed.ULisboa), Faculdade de Farm�acia, Universidade de Lisboa, Av. Professor Gama Pinto, 1640-003 Lisbon, Portugal
b Center for Systems Biology, Massachusetts General Hospital, Boston, MA 02114, USA
c The Broad Institute, Infectious Diseases Initiative, Cambridge, MA 02142, USA
d Harvard School of Public Health, Department of Immunology and Infectious Disease, Boston, MA 02115, USA
e UEI Malaria, Centro da Mal�aria e Doenças Tropicais, IHMT, Universidade Nova de Lisboa, Rua da Junqueira, 100, P-1349-008 Lisboa, Portugal

a r t i c l e i n f o

Article history:
Received 3 March 2015
Received in revised form
24 July 2015
Accepted 28 July 2015
Available online 31 July 2015

Keywords:
Antimalarial
Drug lead
Indole
Reagent-based diversity

a b s t r a c t

A series of 3-piperidin-4-yl-1H-indoles with building block diversity was synthesized based on a hit
derived from an HTS whole-cell screen against Plasmodium falciparum. Thirty-eight compounds were
obtained following a three-step synthetic approach and evaluated for anti-parasitic activity. The SAR
shows that 3-piperidin-4-yl-1H-indole is intolerant to most N-piperidinyl modifications. Nevertheless,
we were able to identify a new compound (10d) with lead-like properties (MW ¼ 305; cLogP ¼ 2.42),
showing antimalarial activity against drug-resistant and sensitive strains (EC50 values ~ 3 mM), selectivity
for malaria parasite and no cross-resistance with chloroquine, thus representing a potential new che-
motype for further optimization towards novel and affordable antimalarial drugs.

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

Malaria is one of the most life-threatening diseases, with almost
one-third of the world's population at risk it represents a major
public health problem due to its morbidity and mortality [1,2]. An
estimated 198 million cases led to nearly 584,000 deaths in 2013,
90% of which were reported in sub-Saharan Africa [1]. Malaria has a
broad impact throughout tropical and subtropical areas of the
globe, affecting indigenous populations as well as an increasing
number of travelers [3e5]. According to the 2014 World Health
Organization (WHO)Malaria Report, about 78% of deaths attributed
tomalaria occur in African children under age of 5 [1]. In addition to
the human cost of malaria, the economic burden of the disease is
significant with a huge impact upon individual households due to
lost wages and healthcare costs as well as detrimental affect on the
national scale with about 40% of African health budgets spent on
malaria every year [6].

Five Plasmodium species are known to infect humans and cause
malaria: Plasmodium vivax, Plasmodium ovale, Plasmodiummalariae,

Plasmodium knowlesi and Plasmodium falciparum [7]. Of these
species, P. falciparum is the most widespread in nearly all malaria
endemic countries and is responsible for the majority of malaria
mortality [8]. The parasite has a complex life cycle, which involves
alternate developmental stages within the human host and the
female Anopheles mosquito [2,9]. Within the human host, the
asexual erythrocytic stage of the infection accounts for the clinical
symptoms and constitutes the target for most chemotherapeutics
used in the clinic, such as chloroquine (1) (Fig. 1) and artemisin
combination therapies (ACTs) [9e11].

The emergence of drug resistance has already rendered once-
effective malaria treatments less reliable. Today, ACTs are the
front line therapies for treatment of symptomatic malaria, however,
we are at risk of losing their utility due to the emergence and
spread of resistance [12e14]. The Plasmodium parasite has
demonstrated an ability to evolve and adapt to every drug intro-
duced thus far, and with this in mind, it is crucial that efforts are
made to develop new analogues active against resistant strains, to
identify new drugs, or even identify new therapeutic targets in the
parasite [11,15].

The strategies currently used for the development of novel
antimalarial drugs include many approaches such as: the discovery* Corresponding author.
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of new active molecules from natural sources [16e23], repurposing
of commercially available drugs, the development of hybrid com-
pounds [24], and rational drug design with chemical modifications
of existing antimalarials and hits [25e27], amongst others. Also, a
great number of drug discovery and development programs from
both public and private institutions, and public-private partner-
ships, using phenotypic screening with sensitive and resistant
strains of P. falciparum have been pursued in the past recent years.
Among them were large libraries from Novartis, St. Jude Children's
Research Hospital and GlaxoSmithKline (GSK) [28,29].

Joining these international efforts, we analyzed the recently
disclosed Tres Cantos Antimalarial Set (TCAMS) from GSK to iden-
tify novel indole-based antimalarials as starting points for the
development of next generation antimalarial drugs. Indoles are an
emerging antimalarial fragment present in several lead drug can-
didates with new mechanisms of action, such as the spiroindolone
(2) [30e34] and aminoindoles classes [33,35]. We were intrigued
by TCMDC-134281 (3) (Fig. 1), which emerged as a very potent
antiplasmodial compound, with a reported EC50 of 34 nM against
the chloroquine-sensitive P. falciparum 3D7 strain. Additionally,
compound 3 did not demonstrate measurable cytotoxicity as its
EC50 against the human HepG2 hepatoma cell line was greater than
10 mM [28].

However, this compound showed poor drug-like properties and
cross-resistance with chloroquine, possibly due to the presence of
the 4-aminoquinolinyl fragment, which is the essential pharma-
cophore of chloroquine (CQ). To address these liabilities, we
decided to remove one of the piperidin-4-yl fragments and to
replace the 4-aminoquinoline fragment. This resulted in an overall

reduction of the compound's LogP and MW and chemically differ-
entiates the molecule from the 4-aminoquinoline antimalarials,
which we hypothesized would overcome the observed cross-
resistance with CQ. We herein report a structure-activity study
aiming to explore the antimalarial potential of the 3-piperidin-4-
yl-1H-indole scaffold (Fig. 1). We synthesized three series of de-
rivatives following a reagent-based diversity approach, in a total of
38 compounds, and assayed them against the multidrug resistant P.
falciparum Dd2 strain at a fixed 5 mM concentration. The most
potent derivatives were further profiled in doseeresponse against
both P. falciparum drug-resistant (Dd2) and sensitive (3D7) strains
to determine activity and parasite selectivity.

2. Results and discussion

2.1. Chemistry

We first resynthesized the original hit compound 3, following a
six-step synthesis, as shown in Scheme 1. Starting with the conden-
sation of the indole with N-benzyl-4-piperidone in the presence of a
base, compound 4 was obtained in high yield (98%). Subsequent
debenzylationwithconcurrentolefinreductionafforded thecommon
intermediate 3-piperidin-4-yl-1H-indole (5) with 96% yield. Com-
pound 5 was coupled with 1-(tert-butoxycarbonyl)piperidine-4-
carboxylic acid to give the amide intermediate 6 in moderate yield
(60%). Reduction of the carbonyl group afforded compound 7,
followed by Boc-deprotection to yield the amine compound 8.
Compound 3 was obtained by nucleophilic aromatic substitution of
4,6-dichloroquinoline with the amine intermediate 8 (Scheme 1).

Fig. 1. Structures of (1), (2), TCMDC-134281 (3) and the indole-based explored scaffold.
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