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Abstract: The “Journées Franco-Belges de Pharmacochimie” is a recognized two-day annual
meeting on Medicinal Chemistry that is renowned for the advanced science presented, conviviality,
and outstanding opportunities for senior and young scientists to exchange knowledge. Abstracts of
plenary lectures, oral communications, and posters presented during the meeting are collected in
this report.
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1. Aim and Scope of the Meeting
The “Journées Franco-Belges de Pharmacochimie” (JFB) is a widely recognized annual meeting
on Medicinal Chemistry. This two-day symposium aims to promote exchanges between medicinal
chemists, mainly from France and Belgium. It is renowned for the advanced science presented,
conviviality, and outstanding opportunities for senior and young scientists to exchange knowledge.
The scientific program included one tutorial lecture and four plenary lectures by internationally
recognized scientists. An important part of the program was devoted to open lectures (nine oral
communications) giving the opportunity for young scientists to present their research. The themes
discussed during the meeting were those generally encountered by medicinal chemists: organic
synthesis, bioinformatics and computer-aided drug design, pharmacological tests and molecular
biology. This year, the official language for the lectures was English.
2. Plenary Lecture
Exploring Hit Identification Strategies for the Energy-Coupling Factor Transporters: Towards Novel
Antibiotics (PL3)
Anna K. H. Hirsch 1,2,3
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The challenges associated with anti-infective drug-discovery programs can be tackled by adopting
several established and unprecedented hit-identification strategies, such as dynamic combinatorial
chemistry (Mondal, M., et al. Chem. Soc. Rev. 2015, 44, 2455–2488). This approach will be illustrated
using one target enzyme from the methyl erythritol phosphate pathway. This pathway provides a
rich source of drug targets, given that pathogens such as Mycobacterium tuberculosis and Plasmodium
falciparum use this pathway for the biosynthesis of the essential isoprenoid precursors isopentenyl
diphosphate (IPP) and dimethylallyl diphosphate (DMAPP), while humans exclusively utilise the
alternative mevalonate pathway (Masini, T., et al. J. Med. Chem. 2014, 57, 9740–9763). Our target
enzyme 1-deoxy-d-xylulose-5-phosphate synthase (DXS) catalyses the first and rate-limiting step
of the non-mevalonate pathway. To facilitate the development of potent and selective inhibitors of
DXS, we have explored ligand- (Reymond, J.-L., et al. ACS Chem. Neurosci. 2012, 3, 649–657) and
structure-based virtual screening, phage display, dynamic combinatorial chemistry (Mondal, M., et al.
Chem. Soc. Rev. 2015, 44, 2455–2488), and de novo fragment-based design (Masini, T., et al. Chem. Sci.
2014, 5, 3543–3551). The most promising hits display inhibitory potency in the low micromolar range
and promising activities in cell-based assays against P. falciparum and even drug-resistant strains
of M. tuberculosis. Further assays demonstrated their selectivity over mammalian TDP-dependent
enzymes, their lack of cytotoxicity, and validated DXS as the intracellular target (Hirsch, A.K.H., et al.
EP15160746.2).
Acknowledgments: This work was funded by the Netherlands Organisation for Scientific Research (VIDI and
LIFT grants), the Dutch Ministry of Education, Culture and Science (Gravitation Program 024.001.035) and the
Helmholtz-Association’s Initiative and Networking Fund.

3. Oral Communications
3.1. Synthesis and Biological Evaluation of Prodrugs with Acetylcholinesterase Inhibition and 5-HT4 Receptor
Agonist Activities Targeting Alzheimer’s Disease (OC1)
François-Xavier Toublet *, Julien Lalut, Cédric Lecoutey, Audrey Davis, Christophe Rochais and
Patrick Dallemagne
Centre d’Etudes et de Recherche sur le Médicament de Normandie (CERMN), Normandie Univ,
UNCEAN, 14000 Caen, France
* Correspondence: francois-xavier.toublet@unicaen.fr
Alzheimer’s disease is a poorly understood multifactorial neurodegenerative disease. One of
the molecular origins of the disease is the formation of amyloid plaques caused by a hyperactivation
of β-secretase, which leads to the formation of the β-amyloid peptide. On the other hand,
the hyperphosphorylation of tau protein leads to the formation of neurofibrillary tangles and
disaggregation of microtubules (Yun, H., et al. Exp. Neurobiol. 2011, 20, 159–168). Due to the
molecular complexity of the disease, a significant number of therapeutic targets have been investigated.
However, the market counts few molecules with moderate activity, mostly acetylcholinesterase (AChE)
inhibitors. Among them, rivastigmine is a covalent reversible inhibitor of AChE.
In this context, a new concept is studied: Multi-Target Directed Ligands (MTDLs), describing
a drug with several therapeutic targets of interest to treat a disease. Donecopride, a MTDL,
was synthesized in our laboratory (Lecoutey, C., et al. Proc. Natl. Acad. Sci. USA 2014, 111,
E3825–E3830): this molecule could simultaneously inhibit AChE and activate serotonergic receptor
5-HT4 (5-HT4 R), leading to promising procognitive properties in several animal models.
In our project, we have designed and synthesized prodrugs as structural analogs between
donecopride and rivastigmine. These drugs possess a carbamate group, and therefore, could be
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3.3. Fragment-Based Drug Discovery Targeting Inhibitor of Apoptosis Proteins (OC4)
3.3. Fragment-Based Drug Discovery Targeting Inhibitor of Apoptosis Proteins (OC4)
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is one of the most promising strategies to overcome this resistance phenomenon. These specific
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Acinetobacter
and Escherichia
coli. RA These
is dioxopiperazine
iron are
chelator
with
by
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and
Escherichia
coli.
RA
is
dioxopiperazine
iron
chelator
with
hydroxamate
hydroxamate as iron ligands and two asymmetric centers (S,S configuration). This spatial
as
iron ligands
and twofor
asymmetric
centers (S,S
configuration). This spatial orientation is essential for
orientation
is essential
the Fhu receptors
recognition.
the Fhu
receptors
recognition.
We have previously reported the asymmetric synthesis of 3-substituted 2-oxopiperazines.
We
previously
reported and
the asymmetric
synthesis
of 3-substituted
Herein,
Herein, have
we present
an original
a convergent
strategy
to synthesize2-oxopiperazines.
RA and corresponding
we
present an original
and a convergent
strategytests
to synthesize
RA and corresponding
3,6-disubstituted
3,6-disubstituted
analogues.
Siderophore-like
and measurement
of the complexing
strength of
analogues.
Siderophore-like
tests
and
measurement
of
the
complexing
strength
of
these
compounds
these compounds will be carried out.
will be carried out.
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antibiotic drugs, and is now part of major human healthcare emergencies. Among the bacteria
The dissemination of multidrug-resistant bacteria has reduced the therapeutic efficacy of antibiotic
ESKAPE, Gram negative pathogens such as Pseudomonas aeruginosa or Acinetobacter baumannii are
drugs, and is now part of major human healthcare emergencies. Among the bacteria ESKAPE, Gram
very virulent.
negative pathogens such as Pseudomonas aeruginosa or Acinetobacter baumannii are very virulent.
Bacteria require iron for many vital functions. However, in the oxidative atmosphere, iron
Bacteria require iron for many vital functions. However, in the oxidative atmosphere, iron exists
exists as insoluble salts which makes its bacterial assimilation hard. To overcome iron deprivation,
as insoluble salts which makes its bacterial assimilation hard. To overcome iron deprivation, pathogens
pathogens use small iron chelators named siderophores, which transfer iron within bacteria by
use small iron chelators named siderophores, which transfer iron within bacteria by specific receptors.
specific receptors. Siderophores are classified into four main families: hydroxamates, catecholates,
Siderophores are classified into four main families: hydroxamates, catecholates, carboxylates, and
carboxylates, and phenolates. Previous studies have shown that the motif hydroxypyridinone is
phenolates. Previous studies have shown that the motif hydroxypyridinone is recognized by the
recognized by the same kind of transporters than catechol groups. These siderophores moieties can
same kind of transporters than catechol groups. These siderophores moieties can be conjugated
be conjugated with antibiotic (antibiotic–siderophore conjugates) (Budzikiewicz, H., et al. Curr. Top.
with antibiotic (antibiotic–siderophore conjugates) (Budzikiewicz, H., et al. Curr. Top. Med. Chem.
Med. Chem. 2001, 1, 73–82) or form toxic complexes (gallium complexes) to fight resistant Gram
2001, 1, 73–82) or form toxic complexes (gallium complexes) to fight resistant Gram negative bacteria
negative bacteria (Kelson, A.B., et al. Curr. Opin. Pharmacol. 2013, 13, 707–716).
(Kelson, A.B., et al. Curr. Opin. Pharmacol. 2013, 13, 707–716).
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A 1,3-dihydroxypyridin-4-one as chelating group was recently combined to a monosulfactam,
A 1,3-dihydroxypyridin-4-one as chelating group was recently combined to a monosulfactam,
to lead to conjugate BAL30072, which is active against P. aeruginosa and A. baumannii
to lead
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BAL30072,
which
is active
againstagainst
P. aeruginosa
and A. baumannii
leadtoto
conjugate
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is active
P. aeruginosa
and A. multidrugbaumannii
multidrug-resistant strains (Page, M.G.P., et al. Antimicrob. Agents Chemother. 2010, 54, 2291–2302). In
resistant
strains (Page,
M.G.P.,
et al.
Antimicrob.
Agents Chemother.
2010, 54, 2291–2302).
In previous
multidrug-resistant
strains
(Page,
M.G.P.,
et al. Antimicrob.
Agents Chemother.
2010, 54, 2291–2302).
In
previous research, we have shown that aminoquinolinemethanols 1 (AQMs), such as mefloquine
research,
have shown
thatshown
aminoquinolinemethanols
1 (AQMs),1such
as mefloquine
analogues,
previous we
research,
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(AQMs),
such as mefloquine
analogues, possess an antibacterial activity only against Gram positive bacteria (Jonet, A., et al. J.
possess
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against only
Gramagainst
positive
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(Jonet,
A., et al.
J. Antibiot.
analogues,
possess an antibacterial
Gram
positive
bacteria
(Jonet,
A., et 2013,
al. J.
Antibiot. 2013, 66, 683–686).
66,
683–686).
Antibiot.
2013, 66, 683–686).

Inspired by the Trojan
Trojan horse
horse strategy,
strategy, we
we grafted
grafted hydroxypyridinone
hydroxypyridinone group
group to the AQM moiety
Inspired by the Trojan horse strategy, we grafted hydroxypyridinone group to the AQM moiety
with
conjugates
2 and
3. Conjugate
2 is 2not
against
P. aeruginosa
DSM
with different
differentlinkers,
linkers,totoobtain
obtain
conjugates
2 and
3. Conjugate
is active
not active
against
P. aeruginosa
with different linkers, to obtain conjugates 2 and 3. Conjugate 2 is not active against P. aeruginosa
1117
while
conjugate
3
possesses
a
significant
activity
(MIC
128
µg/mL).
DSM 1117 while conjugate 3 possesses a significant activity (MIC 128 µg/mL).
DSM 1117 while conjugate 3 possesses a significant activity (MIC 128 µg/mL).
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During the sugar glycoxidation and lipid peroxidation of polyunsaturated fatty acids induced
glycoxidation and lipid peroxidation
peroxidation of
of polyunsaturated
polyunsaturated fatty acids induced
induced
During the sugar glycoxidation
by oxidative stress exacerbation, reactive carbonyl species (RCS) are endogenously formed and react
carbonyl
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formed
and react
by oxidative
oxidative stress
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exacerbation,reactive
reactive
carbonyl
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(RCS)
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and
with amino groups of tissue proteins to give AGE (Advanced Glycation Endproducts) and ALE
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Endproducts)
(Advanced Lipid peroxidation Endproducts). In Alzheimer’s disease (AD), extensive AGE/ALE
(Advanced
Lipid peroxidation
Endproducts).
In Alzheimer’s
disease (AD),
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and
ALE (Advanced
Lipid peroxidation
Endproducts).
In Alzheimer’s
disease
(AD), AGE/ALE
extensive
accumulation has been reported in extracellular amyloid β (Aβ) plaques and intracellular
accumulation
has been has
reported
in extracellular
amyloid
β (Aβ)
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AGE/ALE
accumulation
been reported
in extracellular
amyloid
β (Aβ)
plaquesand
and intracellular
tau-associated neurofibrillary tangles (NFT). Indeed, a critical imbalance between cerebral reactive
tau-associated neurofibrillary tangles (NFT). Indeed, a critical imbalance between cerebral reactive
oxygen species (ROS) production and endogenous antioxidant capacities associated with biometal
production and
and endogenous
endogenous antioxidant
antioxidant capacities associated with biometal
biometal
oxygen species (ROS) production
dyshomeostasis has been suggested to be a driving force for AD onset and progression.
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processing.
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leading
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D.A., et al. Trends Mol. Med. 2001, 7, 548–554; Tiiman, A., et al. Neurochem. Int. 2013, 62, 367–378).
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Mol. 7,
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2001, Tiiman,
7, 548–554;
A., et al. Int.
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2013, 62,AGE/ALE
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Trends
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Med. 2001,
548–554;
A., etTiiman,
al. Neurochem.
2013, 62,Int.
367–378).
AGE/ALE contribute to AD pathogenesis through three main mechanisms (Krautwald, M., et al.
AGE/ALE contribute to AD pathogenesis through three main mechanisms (Krautwald, M., et al.
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2010,
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and
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protease resistance. Secondly, AGE/ALE formation not only accelerates tau hyperphosphorylation,
hyperphosphorylation,
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cell apoptosis.
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Taking
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as well as cell
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(primary of
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function)
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J. Med.
Chem.
2016,
122,
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Thus,
Thus,
discovery
of
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To this end, positron emission tomography (PET) (Marner, L., et al. Neuroimage 2010, 50, 855–
this end,
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(Marner,coupled
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861), To
(Caillé,
F., etpositron
al. Bioorg.emission
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Lett. 2013, (PET)
23, 6243–6247)
effective2010,
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861), (Caillé, F., et al. Bioorg. Med. Chem. Lett. 2013, 23, 6243–6247) coupled with effective radioligands
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2013,
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New indazole derivatives have been evaluated and four exhibiting nanomolar binding affinities
New indazole derivatives have been evaluated and four exhibiting nanomolar binding affinities
for 5-HT4R could be radiolabeled then evaluated in PET imaging for brain 5-HT4R imaging.
for 5-HT44R
R could be radiolabeled then evaluated in PET imaging for brain 5-HT44R
R imaging.
imaging.
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C16-modified RuII and OsII phenanthroline complexes showed promising results with IC50 values
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below 1 µM, and thus, potentially more effective than cisplatin, whereas the parent phenanthroline
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Drug-resistant tuberculosis, caused by a strain of Mycobacterium tuberculosis resistant to first and
second-line drugs, is a major global health threat (Sarkar, S., et al. J. Pharm. Pharm. Sci. 2011, 14,
Drug-resistant tuberculosis, caused by a strain of Mycobacterium tuberculosis resistant to first and
148–161; Green, K., et al. Front. Microbiol. 2013, 4, 208; Da Silva, P.D.A., et al. J. Antimicrob. Chemother.
second-line drugs, is a major global health threat (Sarkar, S., et al. J. Pharm. Pharm. Sci. 2011, 14, 148–
2011, 66, 1417–1430). Treatment options being limited, the search for new anti-tuberculosis targets and
161; Green, K., et al. Front. Microbiol. 2013, 4, 208; Da Silva, P.D.A., et al. J. Antimicrob. Chemother. 2011,
drugs is therefore needed. SerB2 is known to be a virulence factor of M. tuberculosis [Shree, S., et al.,
66, 1417–1430). Treatment options being limited, the search for new anti-tuberculosis targets and
Cell. Mol. Life Sci. 2016, 73, 3401–3417) and to be essential for bacteria survival, which makes this
drugs is therefore needed. SerB2 is known to be a virulence factor of M. tuberculosis [Shree, S., et al.,
enzyme a promising therapeutic target for tuberculosis treatment (Arora, G., et al. J. Biol. Chem. 2014,
Cell. Mol. Life Sci. 2016, 73, 3401–3417) and to be essential for bacteria survival, which makes this
289, 25149–25165).
enzyme a promising therapeutic target for tuberculosis treatment (Arora, G., et al. J. Biol. Chem. 2014,
SerB2 is secreted into the cytoplasm of THP-1 macrophages infected by M. tuberculosis. Through
289, 25149–25165).
its phosphatase activity, the enzyme dephosphorylates definite proteins and transcription factors,
SerB2 is secreted into the cytoplasm of THP-1 macrophages infected by M. tuberculosis. Through
which causes microtubule rearrangement within the macrophage and deactivates the immune system
its phosphatase activity, the enzyme dephosphorylates definite proteins and transcription factors,
of the host. SerB2 then assists the bacteria in immune invasion and evasion (Sharma, A.K., et al. Ind. J.
which causes microtubule rearrangement within the macrophage and deactivates the immune
Microbiol. 2017, 57, 1–10; Yadav, G.P., et al. PLoS ONE 2014, 9, 1–24).
system of the host. SerB2 then assists the bacteria in immune invasion and evasion (Sharma, A.K., et
al. Ind. J. Microbiol. 2017, 57, 1–10; Yadav, G.P., et al. PLoS ONE 2014, 9, 1–24).
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Transformation of L-3-phosphoserine into L-serine catalysed
by SerB2 and used to determine enzymatic activity.

The objective of this work is to inhibit SerB2, with the overall aim of reducing M. tuberculosis
The objective of this work is to inhibit SerB2, with the overall aim of reducing M. tuberculosis
virulence. The starting point was to express and purify SerB2. Then, new inhibitors were identified
virulence. The starting point was to express and purify SerB2. Then, new inhibitors were identified
through an enzymatic activity assay using colorimetric phosphate determination. To achieve this,
through an enzymatic activity assay using colorimetric phosphate determination. To achieve this, a
a screening of previously selected small molecules of the NAMEDIC’s library was performed.
screening of previously selected small molecules of the NAMEDIC’s library was performed. This
This experiment led to the identification of three promising inhibitors that are harmine derivatives.
experiment led to the identification of three promising inhibitors that are harmine derivatives.
Clofazimine potent inhibitory effect was also confirmed. The inhibition type of the scaffolds will be
Clofazimine potent inhibitory effect was also confirmed. The inhibition type of the scaffolds will be
assessed by further kinetic studies, and other derivatives will be synthesized and characterized.
assessed by further kinetic studies, and other derivatives will be synthesized and characterized.
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and enantiopure aminoalcohol-fluorene derivatives (AFM) as LM analogs. The evaluation of their
antiplasmodial activity against P. falciparum, and their corresponding cytotoxicity, is in progress.
Acknowledgments: J.S. was the recipient of a grant from DGA (Direction Générale de l’Armement, Ministère de
la Défense, France) and Région Picardie.

5. Conclusions
At the end of the meeting, the following prizes were awarded:
-

Prize for the best oral communication: C. Denis of the University of Caen (France) for her talk
“Fragment-Based Drug Discovery targeting inhibitor of apoptosis proteins”
Prize for the best poster presentation: M. Haufroid of the University of Namur (Belgium) for her
poster “Study of the inhibition of SerB2 (Mycobacterium tuberculosis phosphoserine phosphatase)”.

In 2018, the “32ièmes Journées Franco-Belges de Pharmacochimie” will be held in France
(Asnelles-sur-mer). It will be organized by the University of Caen in a joined meeting with the
GP2A 26th Annual Medicinal Chemistry Conference.
Acknowledgments: The local organizing committee would like to warmly thank the following institutions and
sponsors who contributed to support financially the meeting: Belgian Fund for Scientific Research (FNRS):
grant N◦ 2017/C31/5/5273; MDPI and Jean Jacques Vanden Eynde; UCB; Büchi; BRS and Interchim.
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