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Synthesis of the potent antiplasmodial 4-aminoquinoline, phenylequine (PQ), is reported for the first
time. PQ and the two analogues show increased efficacy in moving from the chloroquine sensitive D10
to the chloroquine resistant K1 strain in vitro. The in vivo efficacy of PQ, and salts thereof, have been
determined in Plasmodium berghei ANKA and Plasmodium yoelii. Phenylequine hydrochloride has shown
an ED50 of 0.81 in P. yoelii (cf chloroquine ED50 = 1.31).

� 2009 Elsevier Ltd. All rights reserved.
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The search for new and effective antimalarial compounds con-
tinues. The facts of the devastating effect of this disease are well
documented. Over 40% of the world’s population is at risk of infec-
tion and over 1 million fatalities result from plasmodial infections
annually.1 Of the four strains of Plasmodium which cause malaria in
humans, Plasmodium falciparum remains the most problematic. As
resistance to known drugs such as chloroquine (CQ) 1 increases,
the need for effective alternatives grows. Over the last several dec-
ades the modification of the side chain has proved to be a valuable
trajectory of enquiry.2 Ferroquine (FQ) 2, a ferrocene containing
chloroquine analogue,3 continues to show promise as a potential
new chemotherapeutic agent, as it makes its way through the com-
plex and demanding process of clinical trials. Ferroquine shows a
significant absence of cross resistance with chloroquine.4–6 We
reasoned that a simple phenyl analogue of ferroquine, termed
phenylequine (PQ) 3, might exhibit similar efficacy to FQ based
on preliminary in vitro data (Fig. 1).7 The phenyl analogue retains
the necessary components for efficacy of a 4-aminoquinoline, that
is, the 7-chloro group and weakly basic amino groups.8 In a previ-
ous study we have shown that ferroquine analogues lacking the 7-
chloro group on the aminoquinoline moiety have shown in vitro
efficacy significantly higher than would be expected. This efficacy
suggests that the ferrocene moiety may have an additive and/or
synergistic effect on antiplasmodial activity.9 In this brief Letter
All rights reserved.

).
we disclose the four-step synthesis of PQ 3 and two analogues 5
and 6, which were synthesised as a follow up to our earlier study
to determine the role of the ferrocenyl moiety in ferroquine.9 We
have subsequently determined that a similar compound to 3 based
on an acridine, 4, rather than a quinoline has previously been syn-
thesised and evaluated for antiplasmodial activity over 50 years
N5 Cl 6

Figure 1. Structures of chloroquine (1), ferroquine (2), phenylequine (3), an
acridine analogue of phenylequine (4), and two phenylequine analogues (5 and 6).
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Table 2
In vivo activity against P. berghei ANKA

Compound Schedule % Mean parasitemia % Inhibition

Control Untreated 11.89 0
CQ�2PO4 10 mg/kg ip � 4 0.00 100
3�2HCl 30 mg/kg ip � 4 0.00 100
3 30 mg/kg ip � 4 0.00 100

Table 3
In vivo efficacy of salts of compound 3 against chloroquine resistant P. yoelii NS

mg/kg ip � 4 CQ�2PO4 3�2[HCl] 3 Dicitrate

30 99.5 99.6
10 98.1 99.7 99.6
3 90.5 94.5 8.9
1 32.7
ED50 1.31 0.81 6.01
ED90 2.96 2.18 6.01
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ago.10 One of the significant reasons for pursuing this line of in-
quiry is to determine whether phenylequine and analogues could
provide an economical alternative to ferroquine. In terms of the
cost of goods, phenylequine would be significantly less expensive
to manufacture than ferroquine. The starting material dimethylb-
enzylamine is approximately 70 times cheaper than the corre-
sponding N,N-dimethylaminomethyl-ferrocene based on cost per
mol from Sigma–Aldrich.

Compounds 311 and 512 were synthesised in an analogous man-
ner to ferroquine,1 Scheme 1, using known compounds 2-dimeth-
ylaminobenzaldehyde 8,13 2-dimethylamino-benzaldehyde oxime
9,14 and 2-dimethylaminomethyl-benzylamine, 10.15 Compound
616 was synthesized by a reductive amination of aldehyde 8. Once
again, this synthetic scheme is analogous to the route used to syn-
thesize the ferrocenyl analogue.17

Compounds 3–6 were tested for in vitro antiplasmodial activity
against the CQ sensitive D10 and CQ resistant K1 strain along with
ferroquine for comparison purposes. From Table 1 it is evident that
compounds 3, 5 and 6 all showed improved efficacy in moving
from the D10 to K1 strain. All compounds tested showed low cyto-
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Scheme 1. Reagents and conditions: (i) t-BuLi, Et2O, 25 �C, 60%; (ii) DMF; (iii)
NH2OH, EtOH/H2O, reflux, 91%; (iv) LiAlH4, THF, reflux, 79%; (v) either 4-chloro-
quinoline (for 5) or 4,7-dichloroquinoline (for 3) K2CO3, Et3N, NMP, reflux, 40%; (vi)
diamine, MeOH, NaBH4, 60%.

Table 1
Results from in vitro antiplasmodial testing conducted on chloroquine sensitive
(D10), chloroquine resistant (K1) strains of P. falciparum, and cytotoxicity against
human KB cell line

Compound IC50, nM D10 IC50, nM K1 Cytotoxicity, lM

CQ 22.9 352.3
2 17.7 13.5 nda

3 13.2 6.9 70.0
5 106.2 70.3 8.5
6 19.5 9.8 14.0

a Not determined in this assay.
toxicity against mammalian KB cells, giving therapeutic indices of
over 100 in all cases. It is also evident that 3 and 6 show compara-
ble efficacy to ferroquine, 2. The absence of the 7-chloro group sig-
nificantly reduces the efficacy of compound 5 relative to
compound 3. It has previously been established that the presence
of the 7-chloro group has a significant positive impact on the anti-
plasmodial efficacy in 4-aminoquinolines.8 This result is consistent
with those findings. Although it should be noted that as with the
results reported for analogues of ferroquine,9 the efficacy of com-
pound 5 was higher than expected relative to the parent com-
pound than has been found in compounds with an aliphatic side
chain. The reason for this improvement anomaly has yet to be
determined and is beyond the scope of this brief article. Although
we have established that neither compound 5 nor its ferrocene
analogue9 are capable of inhibiting haemozoin formation, we have
determined that the inhibition of haemozoin formation by PQ is
comparable to that of chloroquine (data not shown). Given that
compound 3 showed greatest efficacy in vitro it was selected for
in vivo evaluation in two mouse models. In order to aid in vivo
studies dihydrochloride and dicitrate salts of PQ were prepared.

The first in vivo assay carried out using the P. berghei mouse
model showed that both the free base and the hydrochloride salt
were efficacious when administered ip, Table 2. The second assay
using the P. yoelii model, Table 3, showed that the hydrochloride
salt of 3 to be active (>94.5% inhibition of parasitemia at concentra-
tions as low as 3 mg/kg). On the other hand the dicitrate salt was
less efficient at the lowest dose of 3 mg/kg while showing compa-
rable activity to the dihydrochloride salt at the higher doses.

The phenyl analogues (3 and 6) of ferroquine both show compa-
rable antiplasmodial activity to ferroquine. Given the diminished
efficacy of compound 5 which lacks the 7-chloro group, it is likely
that these compounds work in a similar manner to other 4-amino-
quinolines. The fact that compounds 3 and 6, which are similar to
chloroquine exhibit significantly improved efficacy in the K1 strain
suggests that these compounds are somehow able to circumvent
the underlying mechanism of chloroquine resistance. The parent
compound PQ shows efficacy in two in vivo models. This class of
compounds is therefore worthy of further investigation.
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