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Figure 1. TSP.
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Malaria is a disease that has a major impact in many developing nations, especially on the African con-
tinent. There is a need to develop new therapeutics and prophylactic treatments against it. A trisubsti-
tuted pyrrole was recently found to inhibit infection of mammalian hepatocytes by Plasmodium
sporozoites, but the target of this agent is not known. In this study trisubstituted pyrrole derivatives with
different substituents on a piperidinyl nitrogen were prepared. We determined if modifications of the
piperidinyl nitrogen would accommodate a drug–biotin linking strategy for affinity purification of the tri-
substituted pyrrole’s target protein(s).

� 2013 Elsevier Ltd. All rights reserved.
Malaria is caused by protozoan parasites of the genus, Plasmo-
dium. It affects approximately 200 million people every year,
resulting in about 650,000 deaths.1 The infection is initiated by a
bite from an infected mosquito, which releases Plasmodium spor-
ozoites into the host. Sporozoites infect hepatocytes where they
replicate to form tens of thousands of liver stage parasites. The li-
ver stage parasites are released into the blood stream where they
infect erythrocytes to begin the symptomatic phase of a malaria
infection. Since infection of hepatocytes by sporozoites is the first
obligatory step in a malaria infection, this step represents an
attractive goal for causal prophylaxis of malaria.

It was shown that the trisubstituted pyrrole (TSP) 4-[2-(4-fluo-
rophenyl)-5-(1-methylpiperidine-4-yl)-1H-pyrrol-3-yl]pyridine
(1, Fig. 1) has activity against both erythrocytic2 and sporozoite3

stages of the parasite, in vitro and in vivo. TSP’s inhibition of the
parasite’s erythrocytic stages results primarily from inhibition of
a cGMP-dependent protein kinase (PKG) in the parasite.2,4 In con-
trast, sporozoites do not express PKG. Sporozoites that lack the
PKG gene retain their ability to infect hepatocytes,5 and infection
of hepatocytes by these sporozoites is still inhibited by TSP.3 These
data demonstrate that sporozoites express an additional unidenti-
fied protein target(s) of the TSP that is essential for sporozoite
invasion of the liver. These proteins represent potentially new tar-
gets for the development of novel therapeutics to prevent malarial
infection. In the work presented here, TSP derivatives having dif-
ferent substituents on the piperidinyl nitrogen were prepared
and evaluated to determine if modification of the piperidinyl nitro-
gen would accommodate a drug–biotin linking strategy to affinity
purify and subsequently identify the target protein(s) of this new
agent.

There have been no structure–activity-relationship studies to
determine which structural features of TSP are important for inhi-
bition of sporozoite infection. Thus a small set of control com-
pounds was initially synthesized in order to determine if the
piperidinyl nitrogen in TSP is amenable to structural changes that
afford retention of activity. It was envisioned that if substitution of
this secondary amine could be varied to afford analogs that main-
tained inhibition activity, then attachment of a linker–biotin moi-
ety at this position would afford TSP derivatives for affinity
purification of TSP’s protein target(s). Three control compounds
(parent TSP (1), 9 and 10) were tested to confirm activity of
TSP,12 and to determine if analogs with structural variation at the
piperidinyl nitrogen retained activity (Schemes 1–3).
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Scheme 1. Synthesis of intermediate 7.
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Scheme 2. Synthesis of intermediate 6.

Scheme 3. Synthesis of final products 13 and 14.
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Synthesis of TSP (compound 1) and the piperidinyl-modified
TSP derivatives was accomplished with modification of previously
reported syntheses.6,7 Commercially available 4-picoline (2) was
reacted with LiHMDS, followed by addition of ethyl-4-fluorobenzo-
ate (3) to give ketone 4 (Scheme 1). N-CBZ piperidine-4-carboxylic
acid (5) was converted to the acid chloride with oxalyl chloride,
and then reacted with trimethylsilyldiazomethane, followed by
the addition of hydrogen chloride in ether to yield a-chloro ketone,
6.8

The coupling of 4 with 6 to give diketone 7 was achieved in
modest yield (Scheme 1). Diketone 7 was then reacted with ammo-
nium acetate in acetic acid to yield pyrrole 8 (Scheme 2). Reduction
of the N-CBZ protecting group of pyrrole 8 to the N-methyl group
using LiAlH4 in refluxing THF afforded the parent TSP, 1
(Scheme 2).7 Alternatively, removal of the CBZ protecting group
from 8 was achieved by dissolving 8 in acetic acid followed by bub-
bling HCl gas through the solvent9 to give target compound and
key intermediate 9, which bears the unsubstituted piperidinyl
amine that can undergo further chemical modification (Scheme 2).
For the purposes of this study, a crosslinking moiety having a pri-
mary amine was desired at the piperidinyl nitrogen in order to
determine if such a substituted derivative would retain activity,
and if so to then couple this amine with linker–biotin groups. To
this end, ethyl amine substituted target molecule 10 was synthe-
sized by reacting intermediate 9 with 2-(tert-butoxycarbonylami-
no)ethyl bromide in the presence of triethylamine, followed by
removal of the Boc protecting group with TFA (Scheme 2).

The three initial compounds, TSP synthesized in this study
(compound 1), the desmethyl derivative (compound 9), and the
ethylamine substituted derivative (compound 10) were tested
and compared for their ability to inhibit invasion of hepatocytes
by sporozoites using previously published procedures (Fig. 2).3



Figure 2. Inhibition of sporozoite infection of hepatocytes by parent TSP (1) and
derivatives 9 and 10.

Figure 3. Inhibition of sporozoite infection of hepatocytes by biotin–linker–TSPs 13
and 14.
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Briefly, Plasmodium berghei sporozoites were added to the human
hepatoma cell line, HepG2, in the presence of different compounds.
Sporozoite infectivity was determined by quantifying the number
of intracellular liver stages that developed 40 h post-infection.

As reported earlier, parent TSP inhibited the sporozoite infec-
tion of hepatocytes by over 90% at a concentration of 2 lM. Desm-
ethyl derivative 9 and ethylamino-substituted derivative 10 also
show near complete inhibition of sporozoite infectivity at a con-
centration of 10 lM (Fig. 2). This data indicates that structural var-
iation at the secondary amine of the piperidine ring is possible and
does not result in significant loss of activity. Moreover, this data
suggests that future modification of the piperidine ring may yield
more potent derivatives as well.

Having shown that changing substitution of the piperidinyl
nitrogen from methyl to an ethylamine linker group did not result
in a loss of activity, the synthesis of biotin-containing derivatives of
TSP was undertaken. Compound 10 was coupled with two different
biotin containing conjugates, NHS esters 11 and 12 (Scheme 3), to
give the TSP–linker–biotin conjugates 13 and 14, respectively.

The depth of a putative binding pocket for TSP in the protein
target(s) is unknown. Thus, the two linkers chosen to separate
the biotin moiety from the TSP core are quite long. This approach
was taken in order to avoid a situation where the linker was too
short for the TSP core to interact with its target protein(s) while
the biotin moiety simultaneously interacts with an affinity purifi-
cation column. Furthermore, the LC–LC linker (11) was chosen be-
cause the hydrophobicity of the long alkyl chains are thought to
increase membrane permeability.10 The PEG4 linker (12) was cho-
sen to impart extra water solubility, as well as to decrease mem-
brane permeability.11 It was hypothesized that the hydrophobic
TSP–linker–biotin compound (13) would display greater activity
than that of the more hydrophilic TSP–linker–biotin compound
(14) if the drug target(s) are intracellular. Thus, these two linking
strategies were chosen in an attempt to gather information about
the cellular location of the protein target(s) and to ensure that
the TSP–linker–biotin conjugates would be able to interact with
both the target protein(s) and avidin/streptavidin column in
chorus.

TSP–linker–biotin compounds 13 and 14 each showed essen-
tially no inhibition of sporozoite infectivity of hepatocytes at either
2 or 10 lM concentrations (Fig. 3). It is possible this loss of activity
is due to a loss of binding affinity for the protein target of TSP that
is responsible for observed activity. The large biotin–linker moie-
ties may impede the ability of compounds 13 and 14 to interact
efficiently with the binding site of the target protein(s). However,
it is also possible that the protein target(s) are intracellular, and
regardless of linker used the large compounds simply lack suffi-
cient cellular penetration.

It was shown in previous work studying anticoccidial activity of
TSP and TSP analogs that N-desmethyl TSP or TSP derivatives hav-
ing a basic amine were potent inhibitors of parasite cGMP-depen-
dent protein kinase in vitro, but greatly reduced activity was
observed for these compounds with cells.6 Thus the reduced ability
of compounds 9 and 10 to inhibit infection of hepatocytes as com-
pared to parent TSP (Fig. 2) may also be due to decreased cellular
penetration. These combined results are consistent with the target
protein being intracellular. Decrease or loss of potency for the com-
pounds in this study is likely due to their decreased permeability
into the parasite. In any case, the two biotin-containing com-
pounds were judged to have insufficient activity to move forward
with affinity purification of the unknown protein target(s).

In summary, derivatives of TSP (1) were synthesized in order to
assess whether structural variation at the piperidinyl nitrogen
would give analogs that maintain the ability to inhibit sporozoite
invasion, and thus are amenable to biotinylation and subsequent
pull-down of TSP-binding sporozoite protein(s). It was found that
structural variation at the piperidinyl nitrogen is tolerated. How-
ever, until the target protein can be identified and activity with
the target determined directly, it is unclear if structural modifica-
tions to TSP such as with compounds 9 and 10 here result in re-
duced activity due to reduced target binding or due to reduced
cellular penetration. Thus until the target of TSP can be identified
and isolated, further structure–function studies to find more po-
tent TSP-based inhibitors of sporozoite infectivity will be con-
founded by both target binding and cell penetration affecting
activity. In addition, this work demonstrates that addition of large,
biotin-containing substituents to the piperidine nitrogen is not
likely a viable strategy to identify the cellular targets of TSP; bio-
tin–linker–TSP conjugates 13 and 14 were inactive. Although it is
possible the biotin conjugates might bind the protein target in cell
lysate, where the barrier of cellular penetration is removed. Given
the importance of identifying the target protein(s) of TSP in spor-
ozoites, alternative methods involving the synthesis of bi-func-
tional TSPs are being pursued. These TSPs will be designed to
include a photoreactive aryl moiety to irreversibly bind the TSP
to its target protein(s), and a small bioorthogonal reactive substitu-
ent on the piperidinyl ring, such as a propargyl group that is capa-
ble of coupling to an azide-linked biotin via click chemistry.
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