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Synthesis of 16-mercaptohexadecylphosphocholine, a miltefosine
analog with leishmanicidal activity
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Abstract—The alkylphosphocholine miltefosine (n-hexadecylphosphocholine, MT) has been introduced recently as a very
effective drug for the oral treatment of human leishmaniasis. However, the parasiticidal mechanism of MT at a molecular
level is far from being understood. Here we report the synthesis and biological characterization of 16-merca-
ptohexadecylphosphocholine, a thiol analog of MT which was designed to facilitate the search of MT interacting targets
within the parasite by a variety of analytical methods. This analog presents the same leishmanicidal effect as the parent drug
against Leishmania donovani promastigotes and Leishmania pifanoi axenic amastigotes, and has been used to develop an
affinity chromatography method to attempt the isolation of putative Leishmania proteins that bind to the phosphocholine part
of the molecule.
� 2006 Elsevier Ltd. All rights reserved.
Miltefosine (n-hexadecylphosphocholine, MT) is a syn-
thetic alkyl phospholipid with a major application in
the treatment of human leishmaniasis, a group of diseas-
es caused by the infection with Leishmania parasites.1,2

MT is the first effective oral drug against both visceral3

and cutaneous4,5 forms of the infection, preserving its
activity against antimonial-resistant parasites1,6 or on
immunodepressed patients,7 without the severe side
effects common to most of the first-line leishmanicidal
drugs.8 In contrast, the information available on the ori-
gin of the efficient parasiticidal mechanism of MT and
on the metabolism and the subcellular interactions of
the drug in Leishmania is scarce.9–11 Interestingly, it
has been known recently that MT induces apoptosis-like
death in Leishmania donovani,12,13 although the primary
targets of the drug remain to be determined. In fact, the
sole mechanism of Leishmania resistance to MT so far
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described consists in a faulty uptake of the drug,14 asso-
ciated to loss-of-function of a plasma membrane
translocator.15

The current knowledge on the structure–antiparasite
activity relationship of MT analogs is also limited.1,16

It has been shown that an alkyl chain length of 16 or
18 methylene groups yields the highest in vitro activity,
while in vivo assays indicated that the C16 analog is the
most active.17,18 MT analogs with the lipophilic groups
cyclohexylideneundecyl, adamantylideneundecyl, dode-
cylidenecyclohexyloxyethyl or tetradecylidene-cyclo-
hexyloxyethyl showed more in vitro leishmanicidal
activity than MT, and among them only the two latter
compounds demonstrated higher cytotoxicity in vivo
than the parent drug. Analogs with shorter chains such
as phenoxyhexadecyl or 2-naphthyloxyethyl groups
were devoid of activity.19 Regarding the polar head
group, it has been found that compounds with the termi-
nal trimethylammonium group, as in phosphocholine,
present higher in vitro activity than the corresponding
analogs with ammonium, N-methylpiperidinium, or
N-methylmorpholinium terminal groups.17–19 In addi-
tion, a few phosphocholine derivatives have been
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synthesized which contain a specific reporter group
(probe). That is the case of MT analogs bearing the tet-
rafluorophenylazido photolabeling group20 or nitroxide
paramagnetic group.21 These compounds were
produced to investigate different aspects of the biologi-
cal effects of alkylphosphocholines, although the leish-
manicidal activity remains to be determined. Finally, a
fluorescent miltefosine analog has been obtained recent-
ly, in which the potent anti-Leishmania activity of the
parent drug has been preserved.22

The availability of SH-substituted analogs of MT with
antiparasite properties would be of great utility in the
search of possible mechanisms of activity of the parent
drug. First, these analogs would make it possible to
develop isolation techniques of putative MT receptors
and targets in Leishmania parasites based on affinity
chromatography methods.23 In addition, self-assembled
monolayers of miltefosine may be obtained by covalent
bonding of the SH-substituted analog to a gold sur-
face.24 This derivatized gold substrate may be used as
a specific sensor of Leishmania proteins that bind to
the phosphocholine part of the molecule. Finally, the
presence of the reactive SH-group in the MT analog
would allow both the covalent attachment to the drug
of a variety of probes (as biotin) and the reversible link-
age of carrier molecules.25 With these possible applica-
tions in mind, we wanted to report the synthesis and
preliminary study of the in vitro leishmanicidal activity
of 16-mercaptohexadecylphosphocholine (1, MT-SH),
a MT analog substituted with the moderately lipophilic
mercapto group at the end of the molecule alkyl chain.
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Thiol 1 was synthesized from bromoalcohol 2 in three
steps (Scheme 1): (1) reaction of 2 with trityl sulfide,
yielding the thiol-protected alcohol 3 with 90% yield;26

(2) introduction of the phosphocholine group in 3 by
reaction with 2-chloro-2-oxo-1,3,2-dioxaphospholane
and trimethylamine;27 and (3) trityl deprotection with
triethylsilane/trifluoroacetic acid.28 Thiol 1 was thus iso-
lated in pure form as a white powder in amounts in the
range of hundreds of milligrams and with fair overall
yield (36%).29
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Scheme 1. Synthesis of thiol 1. Reagents and conditions: (a) Ph3CSH,

K2CO3, MeOH, Ar, 90%; (b) 2-chloro-2-oxo-1,3,2-dioxaphospholane,

Me3N, MeCN, Ar, pressure tube, �78 �C, then rt, 2 h, and 70 �C, 4 h,

43%; (c) triethylsilane, TFA/CH2Cl2 1:1, Ar, rt, 1 h, 83%; (d) Ph3CCl,

DMF, Ar, rt, 48 h, 60%; (e) Cl2SO, MeOH, Ar, 0 �C, then rt, 1 h, 98%;

(f) DIBAL-H, MePh, Ar, rt, 1 h, 85%.
Alcohol 3 could be also obtained, albeit with lower over-
all yield (50%), from the carboxylic acid 4, after trityl
protection of the terminal mercapto group and esterifi-
cation/reduction of the carboxylic acid group,30,31 fol-
lowing methods previously used for the incorporation
of protected mercapto groups to lipid molecules.32

Thiol 1 is stable in solid form, provided it is stored at
low temperature under an inert atmosphere, and the
freshly prepared samples are free of disulfide derivatives,
as determined by Ellman titration33 and 1H NMR spec-
troscopy. The MT-SH methanol solution is stable for
weeks at room temperature and in the presence of air.
However, 1 is slowly oxidized to disulfide in DMSO
solution, as other thiols.34

The leishmanicidal activity of MT-SH was assayed in vi-
tro following standard protocols.35,36 In this way, the
inhibition of L. donovani promastigote proliferation by
MT-SH (Fig. 1B) and, more important, of Leishmania
pifanoi axenic amastigotes (Fig. 1D)—the form respon-
sible for the pathology in vertebrates—was found to
be identical to that of the parent drug (Figs. 1A and
C). The data of Fig. 1 also show that both, the original
drug and its mercapto analog, produce a reduced effect
on the respective MT-resistant strains. Furthermore,
the concentration-dependent leishmanicidal activity
was the same for both compounds, regardless of the par-
asite stage and the MT-resistance of the isolate assayed.
In fact, the difference between the respective LD50 values
(Table 1) has no statistical significance. Note also that
the similarity of the axenic amastigotes with those ob-
tained from infected macrophages has been demonstrat-
ed by functional, morphological, antigenic, and
metabolic criteria.37
Figure 1. Leishmanicidal activity of miltefosine (MT) (A and C) and

16-mercaptohexadecylphosphocholine (MT-SH) (B and D), expressed

as the percentage of proliferation inhibition relative to that of parasites

grown in the absence of drug. Both compounds were tested on

Leishmania donovani promastigotes (A and B) and on Leishmania

pifanoi axenic amastigotes (C and D). (d) MT-susceptible parasites;

(.) MT-resistant strains. For experimental conditions, see Ref. 36.



Table 1. Leishmanicidal (as in Fig. 1) activity of miltefosine (MT) and

16-mercaptohexadecylphosphocholine (MT-HS) in vitro

Parasite LD50
a (lM)

MT MT-SH

L. donovani promastigote 5.3 (±0.5) 5.1 (±0.1)

L. donovani promastigote (MT-resistant) >50 >50

L. pifanoi axenic amastigote 5.0 (±0.2) 5.5 (±0.1)

L. pifanoi axenic amastigote (MT-resistant) >50 >50

a LD50: drug concentration required to inhibit 50% parasite prolifer-

ation; mean values of three experiments; standard deviation given

between parentheses.
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The use of axenic amastigotes, which proliferate in the
absence of host cells, removes interfering effects due to
the uptake and transit of MT or its analog MT-SH
through the macrophage, in order to reach the intracel-
lular amastigote.

As noted above, the reactivity of the thiol group and the
potent antiparasite effect of 1 provide the basis for sev-
eral applications to investigate the MT leishmanicidal
mechanism, as well as that of drug’s resistances that
would likely emerge in treated patients. For instance,
we have prepared an immobilized form of MT by the
facile reaction of 1 with iodoacetyl-modified agarose.38

This material is being used as an affinity column to
capture putative MT target proteins from Leishmania
parasite lysates.
Acknowledgments

This work was supported by projects BQU2003/4413,
SAF2002-11186E, and BIO2003-09056.CO2-O2, from
the Ministerio de Educación y Ciencia (MEC) of Spain,
and UE QLK2-CT-2001-01401, from the European
Union. VH acknowledges a FPI fellowship from
MEC. Miltefosine was kindly provided by Zentaris,
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