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a b s t r a c t

The abietane-type diterpenoid (+)-ferruginol, a bioactive compound isolated from New Zealand’s Miro
tree (Podocarpus ferruginea), displays relevant pharmacological properties, including antimicrobial,
cardioprotective, anti-oxidative, anti-plasmodial, leishmanicidal, anti-ulcerogenic, anti-inflammatory
and anticancer. Herein, we demonstrate that ferruginol (1) and some phthalimide containing analogues
2–12 have potential antimalarial activity. The compounds were evaluated against malaria strains 3D7
and K1, and cytotoxicity was measured against a mammalian cell line panel. A promising lead, compound
3, showed potent activity with an EC50 = 86 nM (3D7 strain), 201 nM (K1 strain) and low cytotoxicity in
mammalian cells (SI > 290). Some structure–activity relationships have been identified for the antimalar-
ial activity in these abietane analogues.

� 2014 Elsevier Ltd. All rights reserved.

Parasitic diseases affect about 30% of the world’s population.1

Among parasitic diseases, malaria is one of the most devastating
infectious diseases claiming more lives than any other parasitic
infections. Malaria is endemic to more than 100 nations and
remains one of the main leading causes of death in children less
than five years of age worldwide.1 A drug cocktail regimen is rec-
ommended for the treatment of malaria to prevent the develop-
ment of resistance, particularly to artemisinin, one of the most
effective components of this protocol. The rise of resistance to arte-
misinin combination therapy is an eminent threat, and resistance
has already been reported in various Southeast Asian countries.2

Hence, there is urgency in identifying new antimalarial agents, par-
ticularly new molecular scaffolds with potential novel mechanisms
of actions.

Natural products have played a dominant role in the drug dis-
covery efforts for the treatment of human diseases.3 In fact, most
antimalarial chemotherapeutic agents are based on natural prod-
ucts, indicating the potential of identifying new therapeutic leads
from plant sources. Chemodiversity continues to be an important
task in the search for antimalarial drugs.4

The abietane diterpenoids are widely produced by conifers
belonging to the families Araucariaceae, Cupressaceae, Pinaceae,
and Podocarpaceae, and also angiosperm species.5 These natural

products have a wide range of biological activities. Ferruginol (1)
(Fig. 1) was first isolated in 1939 from New Zealand’s Miro tree
(Podocarpus ferruginea), and has been extensively studied because
of intriguing chemical framework and promising biological proper-
ties.6 Ferruginol (1) occurs in plants belonging to the Podocarpa-
ceae, Cupressaceae, Lamiaceae and Verbenaceae families among
others. This diterpene exhibited important bioactivities, such as
antimicrobial,7 cardioactive,8 antioxidative,9 antileishmanial and
nematicidal,10 and antiulcer properties.11 In addition, ferruginol
was active against prostate cancer,12 and anti-inflammatory activ-
ity.13 Several reports on antimalarial activity have also been
described. In 2003, a report described that ferruginol (1) displayed
significant (IC50 < 1 lg/mL) in vitro antiplasmodial activity against
a chloroquine-resistant (K1) and -sensitive (D10) strain of
Plasmodium falciparum, and low cytotoxicity (SI > 65) against two
mammalian cell lines (CHO and HepG2).14 In 2006, antimalarial
activity for ferruginol (1) was determined using the D6 (chloro-
quine-sensitive) clone of Plasmodium falciparum. Promising antima-
larial activity was shown by an IC50 of 1.95 lg/mL.15 In 2008,

Figure 1. Ferruginol (1).
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Muhammad and co-workers reported antimalarial activity against
D6 (chloroquine-sensitive, IC50 = 4.2 lg/mL) and W2 (chloro-
quine-resistant, IC50 = 3.5 lg/mL) strains of P. falciparum for ferrug-
inol (1).10 Recently, an additional report confirmed significant
antimalarial activity against K1 strain (chloroquine-resistant,
IC50 = 0.9 lM), showing moderate selectivity index (SI = 15.6 (in
L6 cells)).16

To further explore the potential of ferruginol (1) as antimalarial
candidate, and in continuation of our research programs to dis-
cover bioactive terpenoids and new scaffolds as potential antima-
larial agents,17,18 we developed a focused compound library
based on (+)-ferruginol (1) using a short, and efficient synthetic
strategy from commercially available (+)-dehydroabietylamine
(DHAA) (Scheme 1).19 With a limited number of atoms that could
be manipulated, it was decided to evaluate a series of phthali-
mides, which have been shown to possess antiparasitic proper-
ties.20 A fullerene terpenoid hybrid was also envisaged as
potential inhibitor of Plasmodium falciparum carbonic anhydrases,
which has been demonstrated that also inhibits the growth of
the pathogen.21 Herein, we report the evaluation of (+)-ferruginol
(1), and its analogues 2–12 against two malaria strains.

The compounds were obtained in enantiomerically pure form
from commercially available (+)-dehydroabietylamine as outlined
in Scheme 1.19,22 The synthesis starts with the introduction of
the phthalimide group on (+)-dehydroabietylamine to give
compound 2 in 96% yield. Then, Friedel–Crafts acylation of 2 gave
acetophenone 3 (88% yield), which was oxidized under Baeyer–
Villiger conditions to afford acetate 4 in 85% yield (Scheme 1).
Hydrolysis of the acetate in 4 gave phenol 5 in high yield, while
overall deprotection of 4 afforded the amino-phenol 6 in 75% yield.
Compound 6 was the intermediate of two separate approaches.
Firstly, oxidative deamination of 6 gave 18-oxoferruginol (7) in
moderate yield (50%), which was converted into ferruginol (1) by
Wolff–Kishner reduction (90% yield). Secondly, the treatment of 6
with tetrachlorophthalic anhydride (TCPA) afforded phenol 8 in
75% yield, which was acetylated with acetic anhydride in pyridine
to give acetate 9 in quantitative yield (Scheme 1). Acetate 9 was
oxidized at C-7 with excess of t-BuOOH as oxidant and CrO3/pyri-
dine mixture as a catalyst in DCM, the yield of ketone 10 was 66%.
Subsequently, the reaction of 10 with p-tosylhydrazide yielded the
corresponding p-tosylhydrazone 11 (77% yield). The fullerene–
terpenoid hybrid 12 was firstly reacted with NaOMe in anhydrous

Scheme 1. Synthesis of ferruginol analogues 2–12.
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