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Abstract: The 29th Annual GP2 A (Group for the Promotion of Pharmaceutical chemistry in Academia)
Conference was a virtual event this year due to the COVID-19 pandemic and spanned three days from
Wednesday 25 to Friday 27 August 2021. The meeting brought together an international delegation
of researchers with interests in medicinal chemistry and interfacing disciplines. Abstracts of keynote
lectures given by the 10 invited speakers, along with those of the 8 young researcher talks and the
50 flash presentation posters, are included in this report. Like previous editions, the conference
was a real success, with high-level scientific discussions on cutting-edge advances in the fields of
pharmaceutical chemistry.
Keywords: pharmaceutical chemistry; medicinal chemistry; drug design; chemical tools; chemical
biology; molecular pharmacology

published maps and institutional affiliations.

1. Aim and Scope of the Meeting
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The GP2 A (Group for the Promotion of Pharmaceutical chemistry in Academia) network consists of researchers in the field of medicinal chemistry working in universities
and research institutes across Europe. It was established in 1992 with the aim of bringing
together researchers to exchange ideas and expertise and to facilitate a friendly collaborative networking environment. Historically, it has included members from France, Spain,
Portugal, Ireland, and the United Kingdom (the “Atlantic Arc”). More recently, the network
has expanded both geographically and in terms of research fields, and it now includes
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researchers with scientific expertise ranging from physical and pharmaceutical chemistry
to molecular pharmacology.
The annual GP2 A conference host city alternates between France and another country
and brings together senior scientists and those starting in their scientific careers. Moreover,
the network facilitates short visits between member laboratories across the network. A
consistent goal of the annual conference is to provide young researchers, postdoctoral
researchers, and PhD students an opportunity to present their work to an international
audience through either poster presentation or by sharing the stage with invited speakers.
The GP2 A network aims to embrace the multidisciplinary nature of drug discovery and chemical biology, including topics that cover a broad range of interest in both
pharmaceutical chemistry and interfacing disciplines. These comprise infectious and
neurodegenerative diseases, chemoprevention of cancer, approaches to target and hit identification, and optimization of drug candidates, among others. Other topics include natural
products, inflammatory diseases/pain, and the application of structural chemoinformatics
and new synthetic concepts.
Cutting-edge advances in the diverse fields of applied chemistry towards novel health
solutions were disseminated by 10 internationally recognized experts from inside and
beyond the network. In addition, 8 young researcher communications and 50 flash poster
presentations were considered for oral and poster presentation prizes, respectively. The
68 individual topics and presentations covered in the congress afforded opportunities for
outstanding discussions and future collaborations.
2. Keynote Lectures
2.1. From Activity-Based Protein Profiling to the Optimization of Covalent Inhibitors Targeting
Dipeptidyl Peptidases (Kl01)
Rui Moreira
Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade
de Lisboa, Av. Prof. Gama Pinto, 1649-003 Lisbon, Portugal; rmoreira@ff.ulisboa.pt
Dipeptidyl peptidases 8 (DPP8) and 9 (DPP9) are intracellular members of the structure homolog (DASH) sub-family of serine proteases that cleave polypeptide substrates
after proline residues. Accessing chemical matter able to discriminate DPP8 or DDP9
engagement could significantly illuminate the biology of these proteases and allow further
studies in a systems biology context. Indeed, evidence suggests their important role as
checkpoints for inflammasomes and modulation of the immune system. Using comprehensive chemical proteomics profiling, we were able to deconvolute the hidden pharmacology
of 4-oxo-β-lactams, showing that these covalent inhibitors potently and distinctively engage DPP8/9 (Figure 1). Importantly, by collecting high-resolution X-ray crystal data, we
characterized to the atomic level a hitherto unknown mode of inhibition. Our findings
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
3 of 57
enable, for the first time, the development of specific DPP8 or DPP9 effectors, which may
become suitable for forthcoming medicinal chemistry and translational applications.

Figure
Figure 1.
1. Identification
Identificationof
of DDP8/9
DDP8/9inhibitors
inhibitorsusing
usingactivity-based
activity-basedprotein
proteinprofiling.
profiling.

2.2. Programming Molecules for Therapeutic Applications (KL02)
Sébastien Papot
University of Poitiers, UMR 7285 (IC2MP), 4 rue Michel Brunet, 86022 Poitiers, France;
sebastian.papot@univ-poitiers.fr
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Figure 1. Identification of DDP8/9 inhibitors using activity-based protein profiling.
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2.3. From Impurity Profiling to Purified Metabolites: Drug Discovery Supported by Analytical and
Preparative Supercritical Fluid Chromatography (KL03)
Caroline West
University of Orléans, ICOA, CNRS UMR 7311, rue de Chartres, 45067 Orléans, France;
caroline.west@univ-orleans.fr
Supercritical fluid chromatography (SFC) nowadays mostly relates to a chromatographic separation technique where the mobile phase is composed of pressurized carbon
dioxide and a co-solvent. Chiral SFC has been largely employed for two decades in pharmaceutical industries, especially for its economic and ecological advantages at the preparative
scale [10]. Achiral SFC, however, was not so frequently used, up until recent years. The
introduction, by several manufacturers, of analytical SFC instruments that are better fitting
to current expectations of chromatographers has significantly contributed to a renewed
interest in this most versatile technique (Figure 3).
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and biocompatible polymers are interesting options for controlled drug delivery and
drug targeting, especially in cancer therapy [14]. Cancer is a disease characterized by the
uncontrolled growth and spread of abnormal cells and is still the second most common
cause of death globally. Actual therapy for cancer includes surgery, radiation, hormone
therapy, and chemotherapy. Nanoparticles are a valuable solution in oncology due to
their ability of targeted delivery overcoming limitations of conventional chemotherapy,
which include undesirable biodistribution, cancer cell drug resistance, and severe systemic
side effects.
There are many types of nanoparticles which could be employed for cancer management. This includes dendrimers, liposomes, polymeric nanoparticles, micelles, protein NPs,
lipid NPs, and so on. Among them, natural polymers based on proteins like silk fibroin
and sericin are interesting systems with a huge potential in oncology. Here, we discuss
the development of drug delivery systems based on silk fibroin and silk sericin loaded
with various antineoplastic drugs. Protein nanoparticles were prepared by nanoprecipi-
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tation and then loaded with biological molecules. The chemistry, structure, morphology,
and size distribution of nanocarriers were investigated by Fourier-transformed infrared
spectroscopy (FTIR-ATR), scanning electron (SEM) and transmission electron microscopy
(TEM), and dynamic light scattering (DLS). In vitro drug release assays were also performed in PBS solution at various pH values. The biological investigation via different
cancer cell lines (breast and colorectal cancer) revealed a high activity of nanocarriers in
cancer cells by inducing significant DNA damage.
Acknowledgments: This work was supported by a grant from the Ministry of Research, Innovation and Digitization, CNCS/CCCDI–UEFISCDI, project number PN-III-P4ID-PCE-2020-1448, within PNCDI III.
2.5. Discovery of Small Molecules to Manipulate Cell Fate In Vivo: Towards New Therapies for
Degenerative Diseases (KL05)
Angela J. Russell
Departments of Chemistry and Pharmacology, University of Oxford, Chemistry Research Laboratory, Mansfield Road, Oxford OX1 3TA, UK; angela.russell@chem.ox.ac.uk
With an increasingly ageing population, chronic diseases including cancers, dementia,
and heart failure are placing a huge demand on society and healthcare services. Regenerative medicine approaches seek to transform healthcare management strategies, improving
outcomes for patients suffering from degenerative diseases. Over the past two decades, the
majority of studies have been focused on the transplantation of therapeutic cells. Several
thousands of clinical trials have been conducted involving cell transplantation, and while
there have been signs of efficacy in some cases, major hurdles exist to the routine adoption
of such therapies in the clinic. Moreover, we now understand that in most cases, these cells
act not as a cell replacement therapy, but rather through the stimulation of endogenous
repair pathways already present within the body. This has opened a whole new avenue of
research in the development of agents to directly stimulate these tissue repair and regeneration processes in the treatment of chronic degenerative diseases and injury, negating the
need for cell transplantation [15].
The field of drug discovery for regenerative medicine will be introduced, and the
impact this is beginning to have on the diseases of ageing described. Our own research
in the discovery of small molecules to modulate utrophin for the treatment of the muscle
degenerative disease Duchenne muscular dystrophy will be described, as well as translation
of the first-generation utrophin modulator to the clinic and deconvolution of its molecular
target and mechanism [16]. Our extension of this approach into regenerative medicine
will then be described, exemplified by the discovery of small molecules to stimulate
neurogenesis in vitro and in vivo [17].
2.6. Understanding Potent Small-Molecule Modulation of TRPC1/4/5 Channels (KL06)
Robin S. Bon 1 , Claudia C. Bauer 1 , Aisling Minard 1,2 , Isabelle B. Pickles 1,2 , David
J. Wright 1 , David J. Beech 1 , Stephen P. Muench 3 , Katsuhiko Muraki 4 , Stuart L. Warriner 2 , Megan H. Wright 2
1 Leeds Institute of Cardiovascular and Metabolic Medicine, Leeds LS2 9JT, UK
2 School of Chemistry, Leeds LS2 9JT, UK
3 School of Biomedical Sciences, Leeds LS2 9JT, UK
4 Dept. of Cellular Pharmacology, Aichi Gakuin University, 1-100 Kusumoto, Chikusa,
Nagoya 464-8650, Japan; r.bon@leeds.ac.uk
TRPC proteins form tetrameric, non-selective cation channels permeable by Na+ and
2+
Ca [18]. TRPC channels may consist of homomers or heteromers of subunits, each
with their own characteristics and functions. Our research focuses on channels formed
by the closely related TRPC4 and TRPC5 proteins—including heteromeric TRPC1/C4
and TRPC1/C5 channels. These channels are receiving increasing attention from both
academia and industry as potential drug targets for the treatment of, for example, cancer,
renal disease, cardiovascular remodeling and inflammation, complications of diabetes, and
disorders of the central nervous system.
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1 , Baptiste Villemagne 1 , Priscille Brodin 2 , Benoit Deprez 1 , Alain
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Univ. Lille, Inserm, Institut Pasteur de Lille, U1177-Drugs and Molecules for living
1
Univ.
Lille, Inserm,
Institut Pasteur de Lille, U1177-Drugs and Molecules for living
Systems,
F-59000
Lille, France
2 Univ.
Lille,Lille,
CNRS,
Inserm, CHU Lille, Institut Pasteur de Lille, U1019–UMR 9017-CIILSystems,
F-59000
France
Center
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of Lille,
F-59000
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France;de
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2
Univ.
Lille, CNRS,
Inserm, CHU
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Institut
Pasteur
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CIIL-Center
for Infection
andcaused
Immunity
of Lille, F-59000tuberculosis
Lille, France;(M.
marion.flipo@univleading
lille.fr cause of death from a single infectious agent, killing 1.5 million people each year.
The treatment of this disease involves a multidrug chemotherapy regimen often associated
with serious side effects. Moreover, the growing threat of multidrug-resistant strains of M.
tb stresses the need for alternative therapies.
In recent years, fragment-based drug design has emerged as an alternative approach
to high-throughput screening to identify inhibitors of bacterial targets. This approach relies
on the screening of compounds with low molecular weight (<300 Da) and high solubility,
which makes them attractive for the aim of penetrating the thick and poorly permeable M.
tb cell envelope.
Mycolic acids are very long chain fatty acids playing an essential role in the architecture and permeability of the bacterial wall. The biosynthesis of mycolic acids involves
two fatty acid synthase (FAS) systems. Several antibiotics target the FAS-II cycle, which is
composed of four enzymes (MabA, HadAB/BC, InhA, and KasA/B). InhA is inhibited by
isoniazid and ethionamide, while no specific inhibitors of MabA have yet been reported.
We used fragment-based approaches to target the FAS-II system, either by targeting MabA
or by boosting ethionamide activity.
A fragment-based screening allowed the discovery of the first inhibitors of MabA
(FabG1), an enzyme belonging to the FAS-II elongation system. The screening of our
1280 fragment-library on MabA, using a new LC–MS/MS based enzymatic assay, allowed
the identification of several families of inhibitors. One of these chemical series was opti-
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mized and the binding of the compounds to MabA was confirmed by 19F ligand-observed
NMR experiments [20].
A fragment-growing strategy was also conducted to discover ligands of EthR, a
mycobacterial transcriptional regulator involved in the control of the bioactivation of
the second-line drug ethionamide. These EthR inhibitors were able to boost ethionamide activity ten times at low nanomolar concentrations in vitro. The exploration of
the structure–activity and structure–property relationships led to the identification of the
first fragment-based ethionamide booster, which proved to be active in vivo in an acute
model of tuberculosis infection [21].
2.8. Chemical Approaches for the Study and Inhibition of Bacterial L,D-Transpeptidases (KL08)
Saidbakhrom Saidjalolov, Emmanuelle Braud, Mélanie Etheve-Quelquejeu
UMR 8601, CNRS, Team: Chemistry of RNA, Nucleosides, Peptides & Heterocycles,
University of Paris, 75006 Paris, France; melanie.etheve-quelquejeu@parisdescartes.fr
The L,D-transpeptidases are the main peptidoglycan cross-linking enzymes in mycobacteria and are promising targets for the development of new antituberculosis drugs, as
shown by recent results obtained in vitro [22] and in a phase II clinical evaluation of the
triple combination comprising a carbapenem, a β-lactamase inhibitor, and amoxicillin [23].
These enzymes catalyze the cleavage of the L-Lys3-D-Ala4 or DAP3-D-Ala4 bond of an
acyl donor containing a tetrapeptide stem and the formation of the L-Lys3→L-Lys3 or
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
8 of 57
DAP3→DAP3 cross-links. We developed strategies to better understand their role
in
peptidoglycan synthesis. In this conference, I will present the design and the synthesis
of chemical tools to study L,D-transpeptidases in Enterococcus faecium and Mycobacterium
tuberculosis.
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Metal
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a tremendous
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[25–30].
During
this talk,
will presentoxaliplatin
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results,
including
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rethe platinum
complex
cisplatin
andwe
its derivatives
carboplatin
(Figure
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sults,
on these
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in more
than 50% of the treatment regimens for patients suffering from cancer!

Figure 5. Structures of cisplatin, oxaliplatin, and carboplatin.

the last
years,
our research
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its attention
on the
2.10. Over
Designing
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for Imparting
Molecular
Complexity
withdevelopment
C-1 Sources
of novel metal complexes as imaging and therapeutic agents against cancer and parasitic
(KL10)
diseases [25–30]. During this talk, we will present our latest results, including in vivo
Vittorio Pace, Laura Ielo, Margherita Miele and Raffaele Senatore
results, on these topics.
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2.10. Designing New Synthetic Concepts for Imparting Molecular Complexity with C-1
Sources (KL10)
The direct transfer of a reactive nucleophilic CH2X unit into an existing linkage enaVittorio
Pace,
Laura Ielo,
Mielea and
Raffaele
Senatore
bles the
formal
introduction
of Margherita
the moiety with
precisely
defined
degree of functionalization [31,32]. Upon the fine-tuning of the reaction conditions governing the transformation, the initial homologation event can serve as the manifold for triggering unusual
rearrangement sequences leading to complex architectures through a unique synthetic
operation. The direct/full chemoselective conversion of a ketone into the homologated all-
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The direct transfer of a reactive nucleophilic CH2X unit into an existing linkage enables
the formal introduction of the moiety with a precisely defined degree of functionalization [31,32]. Upon the fine-tuning of the reaction conditions governing the transformation,
the initial homologation event can serve as the manifold for triggering unusual rearrangement sequences leading to complex architectures through a unique synthetic operation.
The direct/full chemoselective conversion of a ketone into the homologated all-carbon
quaternary aldehyde (Figure 6a) [33] and the telescoped homologation of imine surrogates
to quaternary aziridines (Figure 6b) [34] will illustrate these unprecedented concepts. Additionally, the one-step mono-fluoromethylation of carbon electrophiles with extremely
labile fluoromethyllithium reagents will provide a novel entry to valuable fluorinated
building-blocks without the need to use protecting elements for fluoro-containing carbanions (Figure 6c) [35–37]. Moreover, novel strategies for introducing the difluoromethyl
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
9 of 57
group through the proper activation of commercially available TMSCHF2 with an alkoxide
will be discussed [38,39].

Figure 6. (a) Conversion of ketones to fully substituted
substituted aldehydes;
aldehydes; (b)
(b) telescoped
telescoped homologation
homologationof
of
imine
surrogates;
(c)
introduction
of
CHF
motifs
in
nucleophilic
regime.
imine surrogates; (c) introduction of CHF motifs in nucleophilic regime.

3.
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3.1. All for One and One for All: Design and Synthesis of Molecules with Neuronal Differentiation
3.1. All for One and One for All: Design and Synthesis of Molecules with Neuronal
Properties (YRC01)
Differentiation Properties (YRC01)
Mirjana Antonijevic 1 , Isbaal Ramos 2 , Maria Valcarcel 2 , Patricia Villace 2 , Patrick
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Dallemagne
Rochais 1
1
1
lemagne
, Christophe
Rochais
1 Normandie
Univ., UNICAEN, CERMN, 14000 Caen, France
2Normandie
1
UNICAEN,
CERMN,
14000
Caen, France
Innoprot Univ.,
S.L, 48160
Derio, Bizkaia,
Spain;
mirjana.antonijevic@unicaen.fr
2
Innoprot S.L,
48160have
Derio,
Bizkaia,
Spain;about
mirjana.antonijevic@unicaen.fr
Numerous
studies
been
published
the implication of the neurotrophin
tyrosine
kinase
receptor
TrkB
in
the
pathogenesis
of
several
neurodegenerative
condiNumerous studies have been published about the
implication
of the neurotrophin
tions
(Alzheimer’s
disease,
Parkinson’s
disease,
multiple
sclerosis,
and
motor
neuron
tyrosine kinase receptor TrkB in the pathogenesis of several neurodegenerative conditions
disease)
[40]. disease,
Brain-derived
neurotrophic
(BDNF)
and neurotrophin-4/5
(Alzheimer’s
Parkinson’s
disease,factor
multiple
sclerosis,
and motor neuron(NT-4/5)
disease)
activate
the
TrkB
receptor
with
high
potency
and
specificity,
promoting
[40]. Brain-derived neurotrophic factor (BDNF) and neurotrophin-4/5neuronal
(NT-4/5)survival,
activate
differentiation,
and
synaptic
function
[41].
However,
studies neuronal
have shown
that beside
the TrkB receptor
with
high potency
and
specificity,
promoting
survival,
differdirect
activation,
TrkB
receptor
can
be
transactivated
via
GPCRs.
Among
all,
it
is
proven
entiation, and synaptic function [41]. However, studies have shown that beside direct acthat
activation
of 5-HT4
receptor,
and transactivation
TrkB receptor,
have a that
positive
tivation,
TrkB receptor
can
be transactivated
via GPCRs.ofAmong
all, it is proven
actiinfluence
on
neuronal
differentiation
(total
dendritic
length,
number
of
primary
dendrites,
vation of 5-HT4 receptor, and transactivation of TrkB receptor, have a positive influence
and
branchingdifferentiation
index) [42]. Because
that, andlength,
based on
the main
characteristics
on neuronal
(total of
dendritic
number
of structural
primary dendrites,
and

branching index) [42]. Because of that, and based on the main structural characteristics of
LM22A-4 [43], a known activator of the TrkB receptor, and RS67333 [44], a partial 5-HT4
receptor agonist, we have designed and synthesized a small set of compounds with potential dual activities, in order to not only prevent the death of the neurons, but also to
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of LM22A-4 [43], a known activator of the TrkB receptor, and RS67333 [44], a partial 5-HT4
receptor agonist, we have designed and synthesized a small set of compounds with potential dual activities, in order to not only prevent the death of the neurons, but also to induce
neuronal differentiation in neurodegenerative disorders. During this communication, we
will describe for the first time the new molecules with neuronal differentiation properties.
3.2. Synthesis and Biological Evaluation of Novel, Functionalized Bisindolylmaleimides (YRC02)
Louise N. Cooney, Florence O. McCarthy
School of Chemistry, Analytical and Biological Chemistry Research Facility, University
College Cork, College Road, Cork, Ireland; 113352196@umail.ucc.ie
Protein kinases are a class of regulatory enzymes and are ubiquitous within the
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
10 of 57
human body. These enzymes are responsible for the modification of protein function
through phosphorylation of target substrates, which have important downstream effects
in intracellular signaling pathways [45]. Overexpression of particular kinases, including
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protein
kinase
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inhibitor
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(1) (Figure
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the protein
kinase
C (PKC)
inhibitor
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(1) (Figure
7) designed
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inhibitor inhibitor
of PKC and
GSK-3β
Crystal
structures
of this bisindoland Roa318220,
a nanomolar
of PKC
and[46].
GSK-3β
[46].
Crystal structures
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(BIM) framework
that the maleimide
headgroup
(R1 = H)
ylmaleimide
(BIM) framework
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that the maleimide
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strong hydrogen
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hydrogen
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with the hinge
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adopts the conformation
in Figure
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the kinase
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in Figure 7 within
the7 kinase
.

Figure
kinase pocket
pocket (PDB:
(PDB: 1UU3)
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Figure7.7.The
Thebisindolylmaleimide
bisindolylmaleimideruboxistaurin
ruboxistaurin (1)
(1) in
in the
the PDK1
PDK1 kinase
the target compounds (2).
target compounds (2).
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replacement
within
the the
BIMBIM
frame
is proven
to imStructuralmodification
modificationand
and
aryl
replacement
within
frame
is proven
to
prove
kinase
specificity
and and
enhance
anticancer
activity
[47]. [47].
This This
workwork
describes
the verimprove
kinase
specificity
enhance
anticancer
activity
describes
the
satile
synthetic
routeroute
towards
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R4. Molecular
modelling
was conducted
on leadon
compounds
to probe
assessment
steric probes
R4 . Molecular
modelling
was conducted
lead compounds
to
the
influence
of
substituents
on
binding
in
the
PKC
and
GSK-3β
kinase
active
sites.
A total
probe the influence of substituents on binding in the PKC and GSK-3β kinase active
sites.
ofA125
drug
candidates
were prepared
and tested
National
CancerCancer
Institotalnovel
of 125
novel
drug candidates
were prepared
andusing
testedthe
using
the National
tute
60-cell60-cell
line screen,
and nanomolar
anticancer
activity
was exhibited.
Institute
line screen,
and nanomolar
anticancer
activity
was exhibited.
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Malaria is a parasitic infection caused by Plasmodium that affected 229 million people
and killed approximately 409,000 in 2019, according to the WHO [48]. The discovery of
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Malaria is a parasitic infection caused by Plasmodium that affected 229 million people
and killed approximately 409,000 in 2019, according to the WHO [48]. The discovery of
new antimalarial compounds is necessary to tackle the spread of artemisinin-resistant
Plasmodium falciparum strains [49]. In this context, we identified M1, a lead compound
belonging to the 2-aminothieno[3,2-d]pyrimidinones series [50], showing in vitro multistage antiplasmodial activity associated with low cytotoxicity. Moreover, M1 is active
against quiescent artemisinin-resistant P. falciparum strain. Unfortunately, M1 is quickly
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
11 of 57
metabolized by mouse liver microsome into inactive derivatives (t1/2 = 11 min), leading to
activity loss in vivo in mouse models.
To improve M1 microsomal stability and to complete the structure–activity relationaship
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53]. Recently, the structure and function of MPO have been revealed in detail, knowledge
to for
the its
literature,
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seen that
most of the
compounds reported
whichAccording
is essential
development
as clearly
an important
therapeutic
target.
as MPO
inhibitors
have
5-membered
fused
rings,
such
as
indole,
indazole,
and indazolone
According to the literature, it can be clearly seen that most of the compounds
restructures,
besideinhibitors
the thiourea
group
[54–57]. Therefore,
we designed
and then
synthesized
ported
as MPO
have
5-membered
fused rings,
such as indole,
indazole,
and
indazolone structures, beside the thiourea group [54–57]. Therefore, we designed and then
synthesized benzimidazole-derived compounds and their bioisosteric analogues with
MPO inhibitory potential. The activity of the compounds has been determined by taurine
chloramine assay.
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benzimidazole-derived compounds and their bioisosteric analogues with MPO inhibitory
3.5. Synthesis and Chiral Resolution of Trans Configuration Anticancer -Lactam Enantiomers
potential. The activity of the compounds has been determined by taurine chloramine assay.
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as a small-molecule chemotherapy agent for resistant and triple-negative breast cancers.
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ical properties and chemical reactivity of ALA present some challenges. These may be
addressed by incorporation of ALA units into a variety of prodrug systems [61], and we
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have previously shown that peptide-based prodrugs are an attractive way to improve the
delivery of ALA, leading to enhanced PpIX accumulation and PDT effects [62]. In this
study, we present a novel and easy strategy to assemble a prodrug system to enhance
the delivery of ALA to specific cell-types using targeting with tumor-homing peptides.
Our approach is based on a molecular core to which multiple ALA units (ALA dendron
derivatives) are attached as the effector units, and with ALA itself connected by an ester
bond. The core structure is also linked to a targeting peptide that is prepared by solid phase
synthesis, with selective peptide attachment to the core being achieved via Cu-catalyzed
click chemistry. This combines the concept of ALA dendrimers and ALA-peptide prodrugs [63]. As proof of concept of this particular approach, we have prepared systems
containing a bombesin-derived peptide that allows selective targeting of the GRP receptor
(GRPR), which is overexpressed in a variety of tumors. Targeted ALA delivery and PpIX
production with these prodrugs in GRPR-expressing PC3 cells will be described.
3.7. SAR of Methylsulfanylpyridine-Based Combretastatin Analogues as Promising Antimitotic
Agents (YRC07)
Raquel Álvarez 1 , Laura Aramburu 1 , Consuelo Gajate 2 , Faustino Mollinedo 2 ,
Manuel Medarde 1 , Rafael Peláez 1
1 Department of Pharmaceutical Sciences, USAL, Campus Miguel Unamuno, E-37007,
Salamanca, Spain
2 Department of Molecular Biomedicine, CIB, CSIC, E-28040, Madrid, Spain; raquelalvarez@usal.es
Antimitotic agents block cell division by interfering with the mitotic machinery. Ligands that bind to the colchicine domain in tubulin interfere with microtubule dynamics,
polymers built up by the polymerization of α,β-tubulin dimers [64]. Despite the promising
tubulin polymerization inhibition and cytotoxicity, combretastatin A-4 (CA-4) suffers from
low aqueous solubility and configurational instability. The aim of this work is to enhance
the overall polarity of the compounds piece by piece in a way that is tolerated by the
highly hydrophobic site to avoid activity loss. We have combined three previous successful
strategies of structural modification [65]: the first one consisting of A-ring replacement
by substituted pyridines, the second one involving modifications on the B-ring that allow
additional polarity enhancements, and finally, reduction of the two–atom combretastatin
bridge to one-atom bridges, as in benzophenones, oximes, and 1,1-diarylethenes.
The resulting molecules showed high antiproliferative activity against several cancer
cell lines (i.e., HeLa, HT-29, and HL-60). The mechanism of action was assessed by tubulin
inhibition polymerization experiments and immunofluorescence confocal microscopy. The
observed microtubule disruption was accompanied by a cell cycle arrest at the G2/M
phase, and subsequently, apoptotic cell death was confirmed by analyzing PARP cleavage,
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an early marker of apoptosis (Figure 10). Conformational and docking studies support the
binding of the ligands at the colchicine site of tubulin.
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Figure 10. Left: Ligand effects on cell-cycle arrest and microtubule network. Right: Docking pose
of one of methylsulfanylpyridine derivatives’ synthesized ligands (blue) superimposed with the
X-ray pose of CA-4 (green).
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4.1. Theoretical Insights into the Anti-SARS-CoV-2 Activity of Chloroquine and Its Analogs and
In Silico Screening of Main Protease Inhibitors (P01)
Achutha Anil, Pushpa V L, Suchitra Surendran
Post-graduate and Research Department of Chemistry, DST-FIST Supported Department, Sree Narayana College, Kollam, Affiliated to University of Kerala-691001, India;
achutha.anil@gmail.com
Coronavirus disease (COVID-19) is a dangerous disease rapidly spreading all over
the world today. Currently, there are no treatment options for it. Drug repurposing studies
explored the potency of antimalarial drugs, chloroquine and hydroxychloroquine, against
the SARS-CoV-2 virus. These drugs can inhibit the viral protease, called chymotrypsin-like
cysteine protease, also known as main protease (3CLpro ); hence, we studied the binding efficiencies of 4-aminoquinoline and 8-aminoquinoline analogs of chloroquine (Figure 12). Six
compounds furnished better binding energies than chloroquine and hydroxychloroquine.
The interactions with the active site residues, especially with Cys145 and His41, which are
involved in catalytic diad for proteolysis, make these compounds potent main protease
inhibitors. A regression model correlating binding energy and the molecular descriptors for
chloroquine analogs was generated with R2 = 0.9039 and Q2 = 0.8848. This model was used
to screen new analogs of primaquine and molecules from the Asinex compound library.
The docking and regression analysis showed these analogs to be more potent inhibitors of
3CLpro than hydroxychloroquine and primaquine. The molecular dynamic simulations
of the hits were carried out to determine the binding stabilities. Finally, we propose four
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hydroxychloroquine. The interactions with the active site residues, especially with Cys145
and His41, which are involved in catalytic diad for proteolysis, make these compounds
potent main protease inhibitors. A regression model correlating binding energy and the
molecular descriptors for chloroquine analogs was generated with R2 = 0.9039 and Q2=
0.8848. This model was used to screen new analogs of primaquine and molecules from the
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Herein, the developed bioconjugation platforms are based on bis-reactive aryls proposed to rebridge the disulfide bonds of mAbs. The widespread advantages of these
platforms could facilitate the construction of ground-breaking therapeutics, including
labelled as well as armed immunoconjugates of monoclonal antibodies.
4.3. Inhibitors and Activators of Pyruvate Kinase Muscle Isozyme Splice Variant 2 (Pkm2):
An Overview (P03)
Sahil Arora, Raj Kumar
Laboratory for Drug Design and Synthesis, Department of Pharmaceutical Sciences
and Natural Products, Central University of Punjab, Ghudda, 151401 Bathinda, India;
deepsahil7999@gmail.com
Pyruvate kinase M2 (PKM2) plays a major role in altered metabolic regulation and
acts as a rate-limiting enzyme in the last step of glycolysis, which catalyzes the conversion of phosphoenolpyruvate to pyruvate and generates ATP from ADP. PKM2 actively
participates in the production of high lactate levels in aerobic conditions and PKM2 is
mainly expressed in leukemia and other cancers such as lung, pancreatic, gastrointestinal,
ovarian cancer, and so on, via PKM2 upregulation. Literature findings reveal many PKM2
inhibitors and activators (Figure 14). PKM2 inhibitor of the natural ligand shikonin, which
had been reported as a specific PKM2 inhibitor, limits its use, as it targets both PKM2 and
mitochondria, not revealing an understanding of the role of PKM2 in cancer metabolism.
Further, there is no FDA-approved PKM2 inhibitor, and there is no consensus approach
for the design and synthesis of effective PKM2 inhibitors. Due to the central regulatory
role of PKM2 in many cancers, there is an urgent need for more effective PKM2 inhibitors.
Pharmaceuticals 2021, 14, x FOR PEERBesides
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A cytidine analogue and hypomethylating
agent, 5-Azacitidine
is oneand
of the
main
drugs being used for the treatment of myelodysplastic syndromes [75]. However, after
administration, it exhibits several limitations, including restricted diffusion and cellular
internalization due to its hydrophilicity, and rapid enzymatic degradation by adenosine
deaminase. The aim of this study was to improve the drug diffusion and protect it from
metabolic degradation via the formulation of an amphiphilic prodrug and its self-assem-
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internalization due to its hydrophilicity, and rapid enzymatic degradation by adenosine
deaminase. The aim of this study was to improve the drug diffusion and protect it from
metabolic degradation via the formulation of an amphiphilic prodrug and its self-assembly
into a nanoparticle. The alcohol groups of azacitidine were first protected using TBDMS to
inhibit secondary conjugations, followed by the coupling of an unsaturated fatty acid to the
amine group, and subsequently, deprotection was accomplished using TBAF, thus yielding
an amphiphilic prodrug [76]. Next, the obtained prodrug was solubilized in acetone and
mixed with water at different ratios to obtain self-assemblies by nanoprecipitation, thus
protecting the active molecule from enzymatic degradation. This prodrug should be cleaved
by cathepsin B, which is overexpressed in cancerous cells, therefore increasing the specificity
of the drug [77,78]. Furthermore, its amphiphilic nature should aid diffusion. This strategy
would allow protection while increasing azacitidine’s specificity and bioavailability.
4.5. Genistein as Drug of Choice for Sars Cov2 Infection Using Drug-Gene Network (P05)
Anamika Basu
Department of Biochemistry, Gurudas College, Kolkata, India; basuanamikaami@gmail.com
A system-pharmacology-based drug–gene network can combine two types of interactions. The first one highlights the interactome with human host gene co-expression
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
18 of 57
network for a SARS-CoV2-virus-infected individual. In the case of the second type of
interaction, a drug–gene network can be constructed with the differentially expressed
genes obtained from the first network. From this system-pharmacology-based approach,
the drug
of interest
for SARS
CoV2
canidentified.
be identified.
the RNA
expression
dataset,
drug
of interest
for SARS
CoV2
can be
FromFrom
the RNA
expression
dataset,
comcomparing
a normal
and COVID-19-infected
patient,
a gene
expression
network
paring
a normal
and COVID-19-infected
patient,
a gene
expression
network
has has
beenbeen
conconstructed,
the help
of network
biology
software
shown
in Figure
15a).
using
structed,
withwith
the help
of network
biology
software
(as (as
shown
in Figure
15a).
ByBy
using
the
the
clustering
method,
forty-four
genes
are
identified
in
cluster
1
among
four
clusters
clustering method, forty-four genes are identified in cluster 1 among four clusters with
with differentially
expressed
genes.
the gene
annotation
study
for these
genes,
differentially
expressed
genes.
FromFrom
the gene
annotation
study
for these
genes,
thethe
imimportance
of hemidesmosome
complex
in cell-to-cell
transmission
of SARS
CoV2
has
portance
of hemidesmosome
complex
in cell-to-cell
transmission
of SARS
CoV2
has been
been identified
(unpublished
results).
identified
(unpublished
results).

(a)

(b)

Figure
network. (b)
(b) Drug–gene
Drug–genenetwork
networkfor
forgenistein.
genistein.
Figure15.
15.(a)
(a)Differentially
Differentially expressed
expressed gene
gene network.

For aa ligand-based
ligand-based drug–gene network,
For
network, the
the above-mentioned
above-mentionedforty-four
forty-fourgenes
genesand
and
twelve chemical
selected
using
ToppGeneFun
software
[79]. Among
them,
twelve
chemical compounds
compoundsareare
selected
using
ToppGeneFun
software
[79]. Among
only the
product
genistein
is selected
as a as
drug
for the
of COVID-19
them,
onlynatural
the natural
product
genistein
is selected
a drug
for treatment
the treatment
of COVIDinfection.
Genistein
is
a
phytoestrogen
and
belongs
to
the
category
of
isoflavones.
19 infection. Genistein is a phytoestrogen and belongs to the category of isoflavones.The
The
gene network
network with
thethe
STITCH
database
is shown
in Figure
15b [80].
gene
withgenistein
genisteindrawn
drawnwith
with
STITCH
database
is shown
in Figure
15b
The effect
of genistein
on hemidesmosome
complex
is studied
with in silico
[80].
The effect
of genistein
on hemidesmosome
complex
is studied
with techniques.
in silico techniques.
4.6. Design and Study of Potential FabZ Inhibitors as Antimicrobial Drugs (P06)
1
1 , Nadine Lemaitre 1 , Céline Damiani 1 , Nicolas
Laurieand
Bibens
Becker
4.6. Design
Study ,ofJean-Paul
Potential FabZ
Inhibitors
as Antimicrobial Drugs (P06)
2
Taudon , Alexandra Dassonville-Klimpt 1 , Pascal Sonnet 1
1
1
1, Céline Damiani 1, Nicolas TauLaurie
, Jean-Paul
Becker de
, Nadine
1 Bibens
AGIR, UR
4294, Université
PicardieLemaitre
Jules Verne,
Amiens, France
don 2, Alexandra Dassonville-Klimpt 1, Pascal Sonnet 1

AGIR, UR 4294, Université de Picardie Jules Verne, Amiens, France
Unité de Développements Analytiques et Bioanalyse, IRBA, Brétigny-sur-Orge,
France; laurie.bibens@u-picardie.fr
1
2

Pharmaceuticals 2021, 14, 1278

17 of 53

2

Unité de Développements Analytiques et Bioanalyse, IRBA, Brétigny-sur-Orge,
France; laurie.bibens@u-picardie.fr
To date, antimicrobial resistance has been one of the biggest public health challenges.
Multi-resistance is particularly worrying in Gram-negative bacteria isolated from nosocomial infections such as P. aeruginosa, E. coli, or K. pneumoniae. Each year, at least 700,000 people die from antibiotic-resistant infections worldwide [81]. The decrease in the effectiveness
of antimalarial treatments also gives rise for concern. Indeed, P. falciparum, the most virulent
Plasmodium species, is responsible for most of the 409,000 deaths reported in 2019 [48].
Therefore, it is urgent to propose novel treatments with original and selective antimicrobial modes of action. Lipids are essential in maintaining bacterial membrane integrity.
Their biosynthesis involves both fatty acid synthase-I (FAS-I) and fatty acid synthase-II
(FAS-II). FAS-II is uniquely found in bacteria, plants, and apicomplexan parasites, such
as Plasmodium. Furthermore, the FAS-II enzymes have a high level of conservation in the
euticals 2021, 14, x FOR PEER REVIEW
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microbial pathogens. Among these, FabZ, a β-hydroxyacyl-acyl carrier19protein
(ACP) dehydratase, plays a pivotal role in the FAS II. This suitable yet little-explored enzyme represents
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Samples of FFA were crystallized after having been doped with low levels of additive
to produce such systems. The behavior of the doped systems was investigated, and the
solid-state relationships characterized by HPLC, PXRD, TGA, and DSC analysis, includ-
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Samples of FFA were crystallized after having been doped with low levels of additive
to produce such systems. The behavior of the doped systems was investigated, and the
solid-state relationships characterized by HPLC, PXRD, TGA, and DSC analysis, including
the construction of phase diagrams. A stepwise dissolution method was developed that
allowed for the controllable dissolution of a single crystal or batch of crystal particles
across multiple dissolution stages in order to map the distribution of one or more additives/impurities within the crystal(s) on a surface-to-center basis (Figure 1). This method
was successfully applied to systems with a variety of additive levels, additive types, and
crystal morphologies. An alternative method of determining impurity distributions within
acicular crystals was also developed. Employing these methods in an industry setting
would allow a researcher to gain insight into the distribution of impurities within a batch
of drug product, and as such inform a strategy for purification.
4.8. The Synthesis of Enantiopure DSA Analogues for the Treatment of Cancer (P08)
Lily Cassidy, Andrew Beekman, Mark Searcey
School of Pharmacy, University of East Anglia, Norwich Research Park, NR47 TJ
Norwich, UK; lily.cassidy@uea.ac.uk
Cancer is the second leading cause of death in the world, with more than one in two
people being diagnosed within their lifetime [85]. Cancer can be treated through different
means, including chemotherapy, and the choice of drug depends on the type of cancer and
the extent of its spread.
The duocarmycins are natural compounds that are highly potent DNA-alkylating
agents. They bind to the minor groove in AT-rich regions of DNA and are among the
most potent cytotoxic compounds known, offering a great potential for cancer treatment.
However, high toxicity and low selectivity mean there has been limited progress of duocarmycins as chemotherapeutic agents. One approach to achieve selective cytotoxicity is
with antibody drug conjugates, or ADCs. Here, the cytotoxic drug is bound by a linker
to the antibody, and in doing this, the payload can be targeted directly to the tumors. A
duocarmycin-based ADC called SYD985 is in phase III clinical trials for the treatment of
HER-2 metastatic breast cancer [86]. This shows an exciting new field to be explored, and
this project will look at preparing a dimeric payload that could potentially be used as a
warhead for an ADC.
The duocarmycin family consists of different alkylating subunits, including the duocarmycin SA unit, DSA, one of the most potent subunits which is of great interest in the
design of analogues [87]. This project follows work previously done by Boger, where
yatakemycin and DSA were synthesized stereoselectively. Enantiopurity is important as it
affects how the compounds will bind to DNA and therefore the potency. Once the DNAalkylating unit has been synthesized in a stereoselective fashion and with an appropriate
protection strategy, analogues can be made using solid phase synthesis techniques already
established within the research group. This SPS method allows a library of analogues to
be made and studied, with a focus on making dimers. Duocarmycin payloads in ADCs
have shown promise as dimers with both dimeric seco-CBI payloads and PBD dimers in
clinical trials [88]. Using our approach, we will be able to “tune” the physicochemical
characteristics of the dimers by varying amino-acid-based linker structures.
4.9. Novel Synthesis of Pyrroloquinoxalines Using Sulfone Radicals (P09)
Amy Chave, Bhaven Patel, Daniel Sykes
School of Human Sciences, London Metropolitan University, 166–220 Holloway Road,
N7 8DB London, UK; a.chave1@londonmet.ac.uk
Marinoquinolines (Mq) are a group of natural products that share a pyrroloquinoline
core and are derived from marine bacteria. At the time of writing, eleven Mq have been
isolated (Figure 1). Mq and derivatives have been found to be effective acetylcholinesterase
inhibitors (IC50 = 4.9 µM) [89] and Plasmodium spp. inhibitors (IC50 < 1 µM) [90]. Pyrroloquinoixalines are tricyclic Mq derivatives, some of which have been demonstrated within
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the group to be acetylcholinesterase inhibitors (IC50 = 2 µM). In terms of synthesis, there
are several viable routes to tricyclic heterocycles, with reported examples including a
Pictet–Spengler reaction [91] and Ullman coupling of pyrroles with nitroarenes [92]. Radical chemistry represents an attractive alternative thanks to its mild conditions and lack
of necessity to protect functional groups [93]. However, several radical syntheses use
transition metal catalysts that are non-trivial to eliminate from reaction mixtures and may
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formed using Swiss ADME. All compounds were reported to have a good lipophilic/hydrophilic balance. These hit compounds are promising candidates, and their properties
should be further investigated through the relevant biological assays.
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other protocols to achieve potentially active tyrosine kinase inhibitors. Such orthogonal
decoration of compound 3 allows a rapid and convenient approach to pyrido[2,3-d]pyrimidin-7(8H)-ones without needing a de novo synthesis from an α,β-unsaturated ester
bearing
the aryl
substituent
for each
combination
substituents [102].
ones without
needing
a de novo
synthesis
from anofα,β-unsaturated
ester bearing the aryl
substituent for each combination of substituents [102].
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oxygen surface complexes and to evaluate the adsorption performance after functional
surface modification. The effect of the oxidizing treatments on activated carbon was examined by several techniques, including nitrogen adsorption and SEM. Batch adsorption
23 of 53
experiments were carried out to evaluate the effect of process parameters (pH solution,
adsorbent dosage, contact time, and initial metal ions concentration) on the metal ions
removal.
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4.17. Antibiofilm Properties of Indolo[2,3-b]quinoline Derivatives (P17)
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As part of our ongoing program dealing with the synthesis of complex indoleheterocycles of therapeutic interest, we have previously investigated a tandem reaction
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As part of our ongoing program dealing with the synthesis of complex indole-heterocycles of therapeutic interest, we have previously investigated a tandem reaction to see
to see whether
a 5-exo-trig
cyclization
could be innovatively
combined
with
a radical
whether
a 5-exo-trig
cyclization
could be innovatively
combined with
a radical
promoted
promoted
smiles rearrangement
[104].
of the
interest
in the indoloquinoline
smiles
rearrangement
[104]. Because
of Because
interest in
indoloquinoline
scaffold forscaffold
drug
for
drug
discovery
(Figure
24),
we
studied
the
preparation
of
new
indolo[2,3-b]quinoline
discovery (Figure 24), we studied the preparation of new indolo[2,3-b]quinoline derivaderivatives
by this domino
including
rearrangement,
we evaltives
by this domino
process,process,
including
radical radical
smiles smiles
rearrangement,
and weand
evaluated
uated
the
antimicrobial
characteristics
of
these
tetracyclic
derivatives
as
well
as their
the antimicrobial characteristics of these tetracyclic derivatives as well as their capacity
to
capacity
to prevent
biofilm
formation
[105,106].
Promising
results
have been
obtained in
prevent
biofilm
formation
[105,106].
Promising
results
have been
obtained
in combination
combination
with ciprofloxacin.
with
ciprofloxacin.
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Here, we show for the first time the interfacing of a synthetic supramolecular element
(lysine-specific molecular tweezers) with an ExoS peptide recognition motif to furnish a
powerful ditopic 14-3-3 ligand exhibiting up to a 100-fold improved affinity. X-ray crystal
structure elucidation provided unique molecular insight into the binding mode and fully
aligned with molecular dynamics simulations. Together, these data highlight that a short
but flexible linker maintains enough degrees of freedom for favorable entropy contribu-
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Here, we show for the first time the interfacing of a synthetic supramolecular element
(lysine-specific molecular tweezers) with an ExoS peptide recognition motif to furnish a
powerful ditopic 14-3-3 ligand exhibiting up to a 100-fold improved affinity. X-ray crystal
structure elucidation provided unique molecular insight into the binding mode and fully
aligned with molecular dynamics simulations. Together, these data highlight that a short
but flexible linker maintains enough degrees of freedom for favorable entropy contributions,
while allowing both elements to occupy exactly the same binding site. Fluorescence
polarization and isothermal titration calorimetry showed that the combination of both
ligands shifts the KD into the nanomolar regime (KD ~400–500 nM), indicating an 80 to
100-fold stronger binding as compared to the native peptide.
4.19. Taking Back Control of the Immune System (P19)
Dee Hayward, Prof Mark Searcey, Andrew Beekman
School of Pharmacy, University of East Anglia, Norwich Research Park, NR4 7TJ
Norwich, UK; d.hayward@uea.ac.uk
Cancer immunotherapy has emerged at the forefront of treatments against cancer.
Immunotherapy provides specificity for affecting cancer cells, improving the side effects
and potential for long-term remission through immunomemory [110]. Tumors use immune
checkpoints to evade immunosurveillance by down-regulating molecules that stimulate
T cells while up-regulating molecules which inhibit T cell activation. By blocking the
interaction between the checkpoint molecule and its ligand, T cells will be activated to
eliminate tumor cells. Immunotherapy provided a turning point in oncology, transforming
treatment efficacy with a more targeted approach than conventional treatments. Programmed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1) are
well-described checkpoint proteins that have been successfully targeted with monoclonal
antibodies [111,112].
Small molecules offer an inexpensive alternative to antibodies to modulate the protein–
protein interaction (PPI) between PD-1 and PD-L1, although no small molecules have
demonstrated proven binding to either protein yet. Bristol Myers Squibb reported two
cyclic peptides (named peptide 57 and peptide 71) that offer an alternative solution showing
tight binding to PD-L1 in the PD-1 binding site. There are structural benefits if cyclic
peptides open avenues of information about hotspot targeting of PPIs. Through peptidedirected binding, these cyclic peptides will be used as scaffolds to create small molecule
drug leads while maintaining the original binding properties [113]. The synthesis of
cyclic peptides 57 and 71 will be discussed alongside the next steps towards peptidedirected binding to synthesize novel small molecule inhibitors of PD-1/PD-L1, including
the tetrazine synthesis achieved so far.
4.20. Chitosan-Based Electrospun for Wound-Healing Applications (P20)
Oana Maria Ionescu 1 , Andreea Iacob 1 , Maria Drăgan 1 , Teodora Iurascu 1 , Natalia
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Nanofibers are sub-micron-scale fibers, with a diameter range between 10 and 100 nm.
Their characteristic aspect ratio (more than 100) and high porosity are elements to look
forward to attaining when designing the experiment and formulating the starting solution [114,115]. Chitosan nanofibers are described as artificial extracellular matrices (ECM)
due to the resemblance of the polymer (CS) and the glycosaminoglicans of the natural
ECM. The association of chitosan and biologically active molecules is of benefit due to
chitosan’s properties as a potential drug enhancer [115,116]. Polyethylene oxide (PEO) is
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an amphiphilic, water-soluble compound. It is a biocompatible polymer used not only in
cosmetic formulations, but also in the biomedical area.
Propolis extract (7.5% v/v), L-arginine HCl (5% w/v), Manuka honey (7.5% w/v),
and propolis–Calendula officinalis extract, respectively, were dissolved in a mixture (1:1
volume ratio) of polyethylene-oxide (2% w/v) and chitosan (3% w/v) acetic acid solution
(50% v/v). Electrospinning parameters were constant during the experiments, with a tipto-collector distance of 28 cm, an infusion rate of 0.7 mL/hour, and a voltage below 18 kV.
Four antioxidant tests (DPPH, ABTS, FRAP, phosphomolybdate assay) were performed to
assess the best antioxidant matrix. Swelling kinetics, porosity degree and cytocompatibility
are yet to be determined.
By adding the additives to the polymeric solution, the fiber diameter increases. There
is an important link between viscosity and superficial tension and obtaining proper, smooth
nanofibers. The chitosan-based nanofibers loaded with propolis–Calendula extract showed
the best antioxidant potential in all four antioxidant tests. Calendula has also been traditionally used in dermatological issues and has proven beneficial in modern applications
too. In this work, we successfully developed smooth, continuous, randomly oriented Larginine/Manuka honey/Propolis/Calendula officinalis nanofibers, providing a new option
for developing wound dressings.
4.21. Design, Synthesis, Bioactivity, and Molecular Modelling Studies of Novel Heterocyclic
Compounds with Antileishmanial Activity (P21)
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Leishmaniasis is a major health problem in the world and classified among the neglected diseases. With the purpose of discovering novel and potent antileishmanial comcol
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vitro antiparasitic activity on L. tropica and L. infantum was evaluated.
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formed by 7 disulfide bonds. Its 3D structure, mode of action, and target receptor remain
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Here, we describe a yeast expression system designed to produce hTFF2 and its glycosylated and 15N-enriched analogues for physiological, biochemical, and spectroscopic
studies (Figure 27). We designed the hTFF2 gene encoding a fusion protein, constructed
recombinant plasmids, and optimized conditions for protein expression. The secreted
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a well-structured trefoil domain [120]. hTFF2 is secreted into the gastrointestinal tract,
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Colorectal cancer is among the most frequent cancers, whereas migration and invasion
of cancer cells is particularly problematic in cancer treatment. Natural products can
ameliorate standard chemotherapeutical approaches, like the unique bee product royal
jelly fatty acid, trans-10-hydroxy-2-decenoic acid (10H2DA). We analyzed the anticancer
effects of 10H2DA on colorectal cancer cell lines (HCT-116 and SW-480). Treatment effects
on viability of tested cells was evaluated using MTT test [122], migratory potential was
determined by Wound healing assay [123], invasive potential was explored by Transwell
assay with modifications, and expression of promigratory proteins N-cadherin, Vimentin,
and anti-invasive marker Snail was measured by immunofluorescence [122]. Cells were
treated with 10H2DA in the concentration ranges 0.1, 1, 10, 50, 100, and 500 µM; as for other
analysis, two selected doses (10 and 100 µM) were applied. All assays were performed
24 h after treatment. Results showed no significant cytotoxic effect of 10H2DA on both
cell lines, while treatment significantly inhibited migratory/invasive potential of HCT116 cells. The observed notable decrease of N-cadherin and Vimentin expression is in
correlation with the antimigratory effect of treatment, while the lowered level of Snail
confirms anti-invasive activity of 10H2DA on these cells. Royal jelly acid also induced
a strong antimigratory effect on SW-480 cells with reduction of promigratory markers
expression. Invasive potential of treated SW-480 cells was notably reduced, which could be
elucidated by significantly lowered expression of Snail. In conclusion, our report indicates
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the pronounced antimigratory/invasive in vitro potential of 10H2DA on two colorectal
carcinoma cell lines; thus, it should be intensively investigated in future.
4.24. Study of the Interactions of Caffeine-Derived Pt(II) and Pd(II) Complexes with Important
Biomolecules (P34)
Snežana Jovanović-Stević 1, Angelina Petrović 2, Jovana Bogojeski 2,b Biljana Petrović 2
1 University of Kragujevac, Institute for Information Technologies, J. Cvijica bb,
Kragujevac, Serbia
2 University of Kragujevac, Faculty of Science, R. Domanovića 12, Kragujevac, Serbia;
snezanaj@kg.ac.rs
Based on the report of the World Health Organization (WHO), cancer represents the
second leading cause of death [124]. The application of transition-metal-based complexes
as chemotherapeutics has been presented throughout history [125]. The investigation of
the interactions between complexes and DNA constituents, DNA, and proteins is of crucial
interest for understanding the mechanism of their action and for design of the pharmacologically effective drug. The interactions of [Pd(caffeine)2 Cl2 ] and [Pt(caffeine)2 Cl2 ]
(caffeine = 1,3,7-trimethylxanthine) complexes with calf thymus DNA (CT-DNA) and human serum albumin (HSA) were investigated by fluorescence spectroscopy. Fluorescencequenching measurements with DNA were performed in the presence of ethidium bromide
(EB) and Hoechst dye 33258 (Hoe). The complexes have a strong ability to react with
CT-DNA, suggesting intercalation and more preferable minor groove binding. High values
of binding constants indicate a good binding affinity of complexes towards HSA.
4.25. Synthesis of 1,4-Dihydropyrazolo[4,3-B]Indoles via Intramolecular C(Sp2 )-N Bond
Formation Involving Nitrene Insertion, Dft Study, and Their Anticancer Assessment (P25)
Manpreet Kaur, Raj Kumar
Laboratory for Drug Design and Synthesis, Department of Pharmaceutical Sciences
and Natural Products, Central University of Punjab, Ghudda, 151401 Bathinda, India;
sidhukaur0013@gmail.com
Nowadays, C-N bond formation has been increasingly used to construct diverse
N-heterocycles with various applications in pharmaceuticals, supramolecular chemistry,
and so on. We herein for the first time have reported a new synthetic route for 1,4dihydropyrazolo[4,3-b]indoles via deoxygenation of o-nitrophenyl-substituted N-phenyl
pyrazoles, and subsequent intramolecular C(sp2 )-N bond formation under modified microwave Cadogan condition [126]. This method exhibits a good substrate scope, and it
allows access to NH-free as well as N-substituted fused indoles, which can present a
potential utility in pharmaceutical as well as supramolecular chemistry applications. DFT
calculations reveal the involvement of a nitrene intermediate responsible for the insertion
into the C-H bond of the pyrazole ring during reductive cyclization reaction. Further,
from the biological evaluation it was found that the synthesized compounds exhibited
cytotoxicity at low micromolar concentration against various cancer cell lines such as
A549, HCT-116, MDA-MB-231, and MCF-7; induced ROS generation; and altered the
mitochondrial membrane potential of highly aggressive MDA-MB-231 cells (Figure 28).
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4.27. Design and Synthesis of Non-Covalent Imidazo[1,2-a]quinoxaline-Based Inhibitors of
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Figure 29. T20K (a) sequence and (b) crystal structure (PDB: 1NB1) and (c) HPLC chromatogram of pure T20K.
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4.28. Pyrazolones as Inhibitors of Immune Checkpoint Inhibitors Blocking Pd-1/Pd-L1
Interactions (P28)
Raphaël Le Biannic 1 , Natascha Leleu-Chavain 1 , Romain Magnez 2 , Frederique
Klupsch 1 , Morgane Tardy 2 , Hassiba El Bouazzati 2 , Gerard Vergoten 1 , Nicolas Renault 1 , Christian Bailly 3 , Bruno Quesnel 2 , Xavier Thuru 2 , Régis Millet 1
1 Univ. Lille, Inserm, U1286-INFINITE-Lille Inflammation Research International
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Immunotherapy has become a leading strategy to fight cancer. Over the past few
years, immunotherapies using checkpoint inhibitor monoclonal antibodies (mAbs) against
programmed death receptor 1 (PD-1) and programmed death ligand 1 (PD-L1) have demonstrated improved survival compared with chemotherapy [131]. We describe the identification and characterization of an innovative series of synthetic compounds (patented)
endowed with nanomolar activity against PD-L1. Compounds’ properties were characterized using several biophysical techniques including microscale thermophoresis (MST)
and fluorescence resonance energy transfer (FRET) measurements. In vitro, selected small
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characterized using several biophysical techniques including microscale thermophoresis
(MST) and fluorescence resonance energy transfer (FRET) measurements. In vitro, selected small molecules demonstrate a high affinity for human PD-L1, potently disrupt the
PD-L1:PD-1 interaction, and inhibit Src homology region 2 domain-containing phosphamolecules demonstrate a high affinity for human PD-L1, potently disrupt the PD-L1:PD-1
tase (SHP2) recruitment to PD-1. More than 50 molecules from the pyrazolone family have
interaction, and inhibit Src homology region 2 domain-containing phosphatase (SHP2)
been synthesized and a dozen highly potent “PD-L1 silencing compounds” have been
recruitment to PD-1. More than 50 molecules from the pyrazolone family have been synidentified, based on in vitro measurements. Structure–activity relationships have been dethesized and a dozen highly potent “PD-L1 silencing compounds” have been identified,
fined and an in silico drug-target model supporting the mechanism of action has been
based on in vitro measurements. Structure–activity relationships have been defined and an
built (Figure 31).
in silico drug-target model supporting the mechanism of action has been built (Figure 31).
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Figure 32. Chemical structure of compound 1.
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4.30. Synthesis and Antipseudomonal Activities of New Iron Chelator–Ciprofloxacin
Conjugates (P30)
Pauline Loupias 1, Nicolas Taudon 2, Alexandra Dassonville-Klimpt 1, Pascal Sonnet 2
1 AGIR, UR 4294, UFR de Pharmacie, UPJV, 1 rue des Louvels, 80037 Amiens, France
2 Unité de Toxicologie Analytique, IRBA, 91223 Brétigny-sur-Orge, France; pauline.lou
pias@u-picardie.fr
Each year, antibiotic-resistant germs cause at least 700,000 deaths worldwide. Among
them, the Gram-negative bacterium P. aeruginosa has the highest burden of healthcareacquired infections in intensive care units and belongs to the first list of antibiotic-resistant
“priority pathogens” described by the WHO [137]. In Europe, 31.8% of the cases reported
to EARS-Net in 2019 were resistant to at least one antimicrobial group [138]. Alarmingly,
the number of pan-drug-resistant specimens, untreatable with any of the antipseudomonal
antibiotics available in the clinic, has increased [139]. The double-layered cell envelope of
P. aeruginosa is responsible for a decreased penetration and low activity of many antibiotics.
An innovative idea to bypass this barrier and restore the activity of conventional antibiotics,
such as β-lactams or fluoroquinolones, is the exploitation of the siderophore-dependent
active iron uptake with a “Trojan horse” strategy. In this approach, an antibiotic is chemically coupled to a natural or synthetic siderophore molecule, which forms an iron complex,
thereby enhancing its active transport through bacteria outer membrane receptors (OMR).
Cefiderocol, a catecholate cephalosporin conjugate using the “Trojan horse” strategy was
recently approved in the USA (2019) and in Europe (2020) and is indicated for the treatment of MDR Gram-negative bacteria including P. aeruginosa (Figure 33) [140]. Herein,
we will describe the synthesis and the antipseudomonal activities of ciprofloxacin-based
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
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conjugates bearing iron chelator moieties (catechol or hydroxypyridinone), via a linker,
cleavable or not.
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was examined. Collectively, these data suggest a key role of UGT in mediating the re-

Pharmaceuticals 2021, 14, 1278

tion in the presence of UGTs at the meta-hydroxy group of the B-ring and could cause an
inherent resistance in HT-29 colon cancer cells [60,142]. Here, we assessed the strategic
deletion of the ring B hydroxyl group to produce CA-4 analogues that are equally effective
in cancer cells expressing UGTs as compared to those expressing little or undetectable
levels of UGTs, offering a simple solution to overcoming resistance associated with
glu33 of
53
curonidation of CA-4 (Figure 34). These compounds play a dual role by improving the
stability by blocking the isomerization of the CA-4 olefin bridge and overcoming the resistance in HT-29 colon cancer cells by improving the metabolic stability. The stability of
β-lactam
in HT-29
cells in HT-29
the absence
and
presence
many
different
CA-4 andanalogue
its β-lactam
analogue
cells in
the
absenceofand
presence
of inhibitors
many difof
UGT
enzymes
(propofol,
Borneol,
bile
acids,
U0126
and
4-nitrophenol)
was
examined.
ferent inhibitors of UGT enzymes (propofol, Borneol, bile acids, U0126 and 4-nitrophenol)
Collectively,
these
data suggestthese
a keydata
role suggest
of UGT in
mediating
resistance
effect ofthe
CA-4
was examined.
Collectively,
a key
role ofthe
UGT
in mediating
rein
HT-29
cells
and
provides
a
rationale
to
improve
the
therapeutic
efficacy
of
CA-4
and
its
sistance effect of CA-4 in HT-29 cells and provides a rationale to improve the therapeutic
related
efficacyanalogues.
of CA-4 and its related analogues.

Figure 34.
34. Metabolic
Metabolic stability
stability in
in HT-29
HT-29 cells
cells of
of CA-4
CA-4 and
and its
its representative
representativeβ-lactam
β-lactam analogues.
analogues.
Figure

4.32.
4.32. Using Metabolic Glycoengineering
Glycoengineering for
for Targeted
TargetedTreatment
TreatmentofofCancer
Cancer(P32)
(P32)
1,2
1
1
1,2, Francesca
1, Helen
1
Madonna
Mitry
, Francesca
Greco
, Helen
Osborn
Madonna
Mitry
Greco
Osborn
1 School of Pharmacy, University of Reading, Whiteknights, Reading RG6 6AD, UK
1
School of Pharmacy, University of Reading, Whiteknights, Reading RG6 6AD, UK
2 Dept of Pharmaceutical chemistry, Faculty of Pharmacy, Ain Shams University,
2
Dept of Pharmaceutical chemistry, Faculty of Pharmacy, Ain Shams University,
Cairo 11566, Egypt; m.m.adeebmitry@pgr.reading.ac.uk
Cairo 11566, Egypt; m.m.adeebmitry@pgr.reading.ac.uk
The main limitation of conventional chemotherapies is the poor selectivity to cancer
cells, which leads to serious side effects. We aim to develop a novel selective targeting
method to address this challenge. This will exploit a specific property of cancer cells,
namely the overexpression of certain surface glycans called tumor-associated carbohydrate
antigens, or “TACAs” [143]. The biosynthesis of these surface glycans can be intercepted
through the exposure of cells to unnatural monosaccharide precursors in order to engineer unnatural functionalities on the cancer cells’ surfaces in a process called metabolic
glycoengineering [144]. Hence, by using azide-modified monosaccharides, the azide
functionality will be expressed on the surface of the cancer cells. This can then act as a
bio-orthogonal label that can be subsequently targeted by phosphine-modified prodrugs.
The bio-orthogonal Staudinger ligation reaction between the azide on the tumor cell and the
phosphine in the prodrug will lead to the prodrug activation specifically at the tumor site.
As a proof of concept, we have investigated the feasibility of the Staudinger ligation
reaction for prodrug activation through an HPLC-monitored release study. This involved
9-azido-N-acetyl neuraminic acid (as an example of an azide-modified sialic acid that will
be expressed on the surface of the cancer cells after the metabolic glycoengineering) and
4-nitrophenyl 2-(diphenylphosphino) benzoate (as an example of a phosphine-modified
prodrug) in an aqueous environment at 37 ◦ C. Release of 4-nitrophenol (our model ‘drug’)
reached 80% over 72 h, which confirms the potential of our proposed strategy.
4.33. Synthesis and Biological Evaluation of Covalent Inhibitors of Focal Adhesion Kinase against
Human Malignant Glioblastoma (P33)
Louna Mossino Diaz 1 , Bo Li 1 , Céline Tomkiewicz-Raulet 2 , Xavier Coumoul 2 ,
Christiane Garbay 1 , Mélanie Etheve-Quelquejeu 1 , Huixiong Chen 1
1 Chemistry of RNA, nucleosides, peptides and heterocycles, CNRS UMR8601,
Université Paris Descartes, 45 rue des Saints-Pères, 75006 Paris, France
2 Laboratoire Molécules de Communication et Adaptation des Micro-organismes,
CNRS, Muséum National d’Histoire Naturelle, 63 rue Buffon 75005-Paris, France;
louna.mossino@etu.u-paris.fr
Human malignant glioblastomas (GBM), which carry a poor prognosis, are highly
aggressive and lethal brain cancers, with significant invasive and infiltrative features,
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resulting in a strong resistance to conventional treatments and high recurrence rates [145].
Current therapies such as surgical resection, radiation, and temozolomide chemotherapy
remain mostly palliative because of their limited efficacy. Consequently, the survival rate
of glioblastoma patients has still not improved in the last few decades. Thus, there is a
necessity to find new and more efficient therapeutic solutions for malignant glioblastomas.
The focal adhesion kinase (FAK), an integrin downstream signaling mediator, is
highly overexpressed in glioblastomas, thereby promoting tumor growth and invasion,
and offering a promising target for novel glioblastoma therapy. Therefore, several ATPcompetitive FAK inhibitors have been recently developed and their early clinical studies
have shown encouraging results [146].
Here, we present the structure-based design and synthesis of a series of novel covalent
inhibitors of FAK [147,148]. A cocrystal structure of the FAK kinase domain in complex
with our compound revealed the inhibitor binding mode within the ATP binding site and
confirmed the covalent linkage between the targeted Cys427 of the protein and the inhibitor.
Biochemical characterization of our inhibitors showed a time-dependent inhibition of FAK
kinase in vitro and a reversible/irreversible inhibition of the autophosphorylation of FAK.
The biological evaluation of these compounds has proven their inhibitory potency against
FAK enzymatic activity with IC50 values in the nanomolar range and anti-proliferative
effects on several glioblastoma cell lines. These results exhibit the potential therapeutic
benefits of covalent inhibitors of FAK for the treatment of human malignant gliomas and
may offer a promising new targeted therapy for human glioblastomas.
4.34. Optimization of a Novel Fast-Acting Transmission-Blocking Antimalarial Agent (P34)
Laura Mourot 1 , Marjorie Schmitt 1 , Elisabeth Mouray 2 , Isabelle Florent 2 , Sébastien
Albrecht 1
1 Laboratoire d’Innovation Moléculaire et Applications, Université de Haute-Alsace,
Université de Strasbourg, CNRS, 3bis rue Alfred Werner, 68093-Mulhouse, France
2 Toxicologie, Pharmacologie et Signalisation Cellulaire, INSERM UMR S 1124, Université Paris Descartes, 45 rue des Saints-Pères, 75006 Paris, France; laura.mourot@uha.fr
Despite significant progress in the control of malaria with a net reduction of morbidity
and mortality over the past years, it remains one of the deadliest infectious diseases
in the world. New drugs with broad therapeutic potential and novel modes of action
to overcome emerging drug resistances are urgently needed. Key features of the nextgeneration antimalarial, termed single-exposure radical cure and prophylaxis (SERCaP),
have been rationalized and resulted in the recommendation of a series of target candidate
profiles (TCPs). Notably, TCP1 requires rapid elimination of the initial parasite burden, at
least as fast as chloroquine.
In this context, the quinazolinedione MMV665878, with its antimalarial activities
against multiple life stages of Plasmodium and fast-acting and transmission-blocking activities, has great potential to deliver useful drugs for malaria parasite eradication. Moreover,
this quinazolinedione-based scaffold shows a remarkable selectivity window with a low
toxicity for human cells and no cardiotoxicity risk. However, pharmacokinetic issues are encountered and include moderate overall exposure and/or modest bioavailability [149], an
issue probably caused by rapid metabolism and elimination. Herein, we report our progress
towards the optimization of this quinazolinedione-based antimalarial series (Figure 35).
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4.36. Samarium-Doped Anatase Tio2 Nanoparticles: Synthesis, Characterization, and Synergy
between Sm Rare Earth Doping and Oxygen Vacancies (P36)
Chaima Ouled Amor 1 , Kais Elghniji 1 , Clarence Charnay 2 , Elimame Elaloui 1
1 Dept of Chemistry, Faculty of sciences of Gafsa, Gafsa, Tunisia
2 Institut Charles Gerhardt de Montpellier Equipe IMNO, Montpellier, France; amorchaima92@gmail.com
Semiconductor nanoparticles can absorb the entire incident light whose photon energy
is greater than the band gap of semiconductor, which belongs to a broadband absorption.
When rare earth ions are doped into semiconductor nanoparticles, some impurity energy
levels could be formed in the host’s band structure. If there exists a certain energy transfer
channel between the impurity energy levels and host’s band structure, the conduction
band electrons or valence band holes that are excited by the incident light could relax to
the impurity energy levels of the dopants. Then, the incident energy will be released in
the form of radiative relaxation, resulting in light emission. Because rare earth ions have a
wealth of energy levels of 4f-states, so the effective energy transfer between semiconductor
nanoparticles and rare earth ion dopants can achieve multi-wavelength light emission. In
the research field regarding RE3+ -doped TiO2 , the role of trivalent samarium ions (Sm3+ )
has attracted wide attention because of its good fluorescence efficiency in the visible and
infrared region [152].
In order to obtain deeper information about the luminescence properties of Sm3+ ions
in TiO2 nanoparticles, we systematically investigated the effects of samarium concentration
on the nanoparticles’ structure and the luminescence properties of Sm3+ , using a simple
preparation method of sol–gel [153]. The materials were characterized by XRD, SEM, FTIR,
TEM, and UV. The emissions of 4 G5/2 → 6 HJ (J = 5/2, 7/2, 9/2 and 11/2) transitions of
Sm3+ ions were observed under the excitation wavelength at 350 nm, and the emission
intensity depended strongly on the doping concentration. It has been found that samarium
addition into the TiO2 system leads to crystal expansion and matrix distortion, which
indicates that some Sm3+ ions have entered into the matrix of TiO2 to replace Ti4+ ions.
Due to substitution of Sm3+ ions in the Ti4+ , oxygen vacancies are created, which generates
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Figure 37. Cu-catalyzed C-H arylation process using diaryliodonium salts.

Figure 37. Cu-catalyzed C-H arylation process using diaryliodonium salts.
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Kinetoplastids are flagellated protozoans responsible for parasitic diseases in humans, including Leishmania spp. (leishmaniases), Trypanosoma brucei (sleeping sickness),
and Trypanosoma cruzi (Chagas disease). Nearly 20 million people are infected by one of
these neglected tropical diseases (NTDs) per year, causing up to 50,000 deaths. Moreover,
currently available treatments have major limitations. In this context, our laboratory previously described two 3-nitroimidazo[1,2-a]pyridine lead compounds selectively activated by
Pharmaceuticals 2021, 14, x FOR PEERthe
REVIEW
40 of 57
parasitic type 1 NTR: one active in vitro against Leishmania [159], and the other against
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Nitric-oxide-releasing
non-steroidal anti-inflammatory drugs (NO-NSAIDs) are a
non-steroidal
anti-inflammatory
drugs NSAID
(NO-NSAIDs)
areana
new Nitric-oxide-releasing
class of anti-inflammatory
drugs consisting
of a traditional
to which
new
class of anti-inflammatory
drugs consisting
a traditional
NSAID NO
to which
an NONO-releasing
moiety has been covalently
attachedofby
a spacer [162,163].
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has been
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through NO
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free radical,
cells through
nitric-oxide-synthase-memediated conversion
of produced
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tomammalian
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It is known
that NO has a key role
diated conversion of L-arginine to L-citruline [164]. It is known that NO has a key role in
a wide variety of physiological and pathophysiological processes, such as inflammation,
vasodilatation, platelet adhesion, thrombosis neurotransmission, neuronal communication, and wound healing [165,166]. In this study, we present the design and synthesis of
new nitric-oxide-releasing indomethacin derivatives with 1,3-thiazolidine-4-one scaffold
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in a wide variety of physiological and pathophysiological processes, such as inflammation,
vasodilatation, platelet adhesion, thrombosis neurotransmission, neuronal communication,
and wound healing [165,166]. In this study, we present the design and synthesis of new
nitric-oxide-releasing indomethacin derivatives with 1,3-thiazolidine-4-one scaffold (NOIND-TZDs), as a new safer and efficient multi-target strategy for inflammatory diseases.
The chemical structure of synthesized derivatives was proven by NMR and mass spectroscopic analysis. The synthesized compounds were evaluated in terms of anti-inflammatory
and antioxidant effects, using in vitro assays, as well as the nitric oxide (NO) release.
The tested compounds showed improved radical-scavenging effects, the highest radicalscavenging effect being noted for 6n, which contains a 2-(4-nitro-phenoxy)ethyl nitrate
moiety. For this compound, the highest NO release capacity was also noted, which means
it could have reduced side effects on the GI level, such as irritation, bleeding, or ulceration.
Moreover, the best predicted anti-inflammatory effect, measured as BSA denaturation, was
showed by 6i, which contains a (2,6-dichloro-phenoxy)ethylnitrate moiety, which supports
the good influence of chloro substituent for anti-inflammatory effects. The results of our
study strongly support the potential effect of NO-IND-TZDs as a multi-target strategy,
targeting the inflammation, oxidative stress, and NO release.
4.40. Fishing Potent Epac2 Inhibitors: An Interdisciplinary Approach (P40)
Urooj Qureshi 1 , Israr Khan 2 , Sajda Ashraf 1 , Abdul Hameed 2 , M. Hafizur Rahman 2 , Zaheer Ul-Haq 1,2
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Exchange protein activated by cAMP 2 (EPAC2) is a direct target of 3’−5’-cyclic adenosine monophosphate (cAMP), which is involved in cAMP-mediated signal transduction
through activation of the Ras-like small GTPase Rap. EPAC signals play crucial roles
in almost every disease related to dysfunctional signaling pathways. Therefore, EPAC
represents an excellent drug target against various diseases as a signal transduction component. To date, very few EPAC inhibitors are available; however, there is still a lack of
isoform-selective inhibitors due to off-target effects. Selective inhibition of one isoform
leads to work on the allosteric site in EPAC2 that is distinct from the active site shared by
EPAC variants [167,168]. Here, we present a site-directed approach, specifically targeting
the EPAC2 isoform.
To explore the allosteric site, we applied multiple pharmacophore modeling, molecular docking, and molecular dynamics simulation techniques. Primarily, the commercially
available databases NCI and Maybridge and an in-house database were screened against
validated pharmacophore models. Molecules obtained were scrutinized by molecular
docking to predict their binding affinities. In step-wise screening, four compounds were
short-listed for stability dynamics to get deep insight into their binding mechanism. Simultaneously, inhibitory activities of these compounds were investigated to validate their
effect on mice pancreatic islets. The results highlighted the efficiency of pharmacophores
to access diverse chemical classes that can contribute to designing selective probes for
EPAC2-associated pathologies.
4.41. New Mononuclear Gold(Iii) Complexes—Study of the DNA/HSA/BSA-Binding
Properties (P41)
Snežana Radisavljević 1 , Milica Med̄edović 1 , Ana Rilak 2 , Dušan Ćoćić 1 , Biljana
Petrović 1
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Considering that cancer is one of the major human problems, the discovery of metalbased drugs which can be used as anticancer agents represents the most important field
of investigation [169]. It is already known that platinum(II) complexes have shown great
impact on the treatment of different cancers, but scientists continue to make efforts to
develop new drugs. The most promising new metal-based drugs are gold(III) complexes,
due to their similarities with platinum(II) complexes. The main problem for usage of
gold(III) complexes is their reduction to gold(I) or gold(0), but this can usually be solved
with the right choice of ligands [170]. DNA is the main target for many metal-based
antitumor drugs, and interactions with DNA have a major role in the development of new
drugs. In addition, serum proteins are important for the regulation of osmotic pressure as
well as blood pH. Consequently, interaction between human serum albumin (HSA)/bovine
Pharmaceuticals 2021, 14, x FOR PEER REVIEW
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DHODase active site, to which a proximal nucleophile can attach followed by deactivating
protonation, leading to irreversible inhibition of the enzyme. Better aqueous solubility and
closer resemblance to the enzyme’s natural substrate is predicted for the APT derivatives
were ionization to generally occur at C5 (pKa = 3.9) [175] under physiological conditions.
We demonstrated success in the use of uncatalyzed Knoevenagel condensation between barbituric acid and various 2-aryl-substituted acrylaldehydes in ethanol (1 h, reflux)
to give moderate to good yields of diene derivatives of barbituric acid, from which APT
Pharmaceuticals 2021, 14, x FOR PEERanalogues
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Molecular docking studies revealed that these compounds fit well into the sphingosinebinding pocket of SphK1 and formed a significant number of hydrogen bonds and van
der Waals interactions. While urea and sulfonylurea derivatives have been reported as
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of SphK1 have been recommended in cancer therapeutics; however, the selectivity and
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Figure 42. Structural representation of the binding pattern of Compounds 1, 5, and 7 along with
PF-543 in the substrate-binding site cavity of SphK1. (A) Cartoon representation of SphK1 showing
ligands bound to the active site cavity. (B) Interaction of Compounds 1, 5, and 7 with the SphK1
residues. (C) Surface model highlighting the active site pocket of SphK1.
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Lajoie 1 , Salomé El Hage 1 , Christine Roques 1 , Fatima El Garah 1
1 Laboratoire de Génie Chimique, Université de Toulouse, CNRS, INPT, UPS,
Toulouse, France
2 Laboratoire de Chimie de Coordination, CNRS, INPT, UPS, Toulouse, France;
jeanne.trognon@univ-tlse3.fr
Cystic fibrosis (CF) patients often suffer from chronic pulmonary infections caused by
bacterial strains, such as Pseudomonas aeruginosa, Staphylococcus aureus, and Burkholderia cepacia, known to grow in patients’ lungs as biofilms, a more virulent and antibioticresistant bacterial lifestyle. A major mechanism behind biofilm formation is quorum
sensing (QS), a communication system where bacterial cells produce, detect, and respond
to auto-inducers, such as acyl homoserine lactones (AHLs) and alkylquinolones (AQs) in
Gram-negative bacteria [183,184]. QS inhibition has been proven to be a promising strategy
to control biofilms. Our group has identified a AHL analog capable of inhibiting the
formation of P. aeruginosa biofilm in vitro [185,186] and reduce its virulence in vivo [187].
QS inhibition within multi-species biofilms has been less studied so far.
In view of this, we investigated the ability of the chromone scaffold to serve for the
design of structural analogs and potential inhibitors of the PQS auto-inducer. We used
molecular docking to predict their binding affinity with the active site of the PqsR receptor
protein. Chromone carboxamides with the best binding affinity for PqsR were synthesized
via straightforward routes and in goods yields. Their ability to inhibit the formation
of biofilms was first evaluated on P. aeruginosa PAO1. Several compounds showed a
promising anti-biofilm activity, with a significant decrease of the total adherent biomass. In
parallel, we also developed a 3-species biofilm inhibition assay for the evaluation of active
compounds selected on PAO1. The design, synthesis, biological evaluation on PAO1, and
setup of the three-species anti-biofilm assay will be presented. Overall, results showed
chromones carboxamides are a promising series for the selection of a lead compound for
further development in view of improving the prevention and treatment of CF-related
multi-species infections.
4.47. Removing Cancer’s Immortality: Targeting Telomerase (P47)
Suzanne van Wier, Mark Searcey, Andrew Beekman
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One of the hallmarks of cancers is their ability to replicate limitlessly, making them
immortal. In 80–90% of cancer cells this is due to the reactivation of telomerase, a protein
complex which elongates telomeres at the end of chromosomes, protecting the chromosomes from degradation and preventing cell senescence.
The Cryo-EM structure of telomerase published in 2018 provided an opportunity to
identify new ways to target telomerase [188]. In patients with dyskeratosis congenita, a
disease characterized by shortened telomeres, the structure showed that genetic mutations
are transcribed to the dyskerin–dyskerin protein–protein interaction (PPI) in telomerase. In
this project, we aim to target this PPI, inhibiting the telomerase activity of cancer cells and
thus removing cancer’s immortality.
We will describe the design and synthesis of a peptide derived from the dyskerin
sequence at this PPI and an alanine scan of this peptide to identify the amino acids most
important for binding. These peptides will be assessed for their binding affinity towards
dyskerin, their α-helicity and their effect on telomerase activity.
When compared to small-molecule drugs, peptide therapeutics can have drawbacks,
such as their limited stability and cell permeability. Therefore, peptide-directed binding
will be used to go from peptide to small molecule inhibitor by computationally identifying
fragments able to replace parts of the peptide. This method has previously been applied
successfully to quickly identify hit compounds for PPIs whilst minimizing the organic
synthesis and biological screening needed [189].
4.48. An Artemisinin-Derivative–(Nhc) Gold(I) Hybrid with Enhanced Cytotoxicity through
Inhibition of Nrf2 Transcriptional Activity (P48)
Xing Wang 1 , Catherine Hemmert 1 , Olivier Cuvillier 2 , Heinz Gornitzka 1
1 LCC-CNRS, Université de Toulouse, CNRS, UPS, Toulouse, France
2 Institut de Pharmacologie et de Biologie Structurale, Université de Toulouse, CNRS,
UPS, Toulouse, France; xing.wang@lcc-toulouse.fr
A family of hybrid complexes combining two biologically active motifs, an artemisinin
derivative and a cationic bis(NHC)-gold(I) unit, has been synthesized. One of these
complexes, 2a, has been analyzed by single-crystal X-ray diffraction (Figure 43). 2a shows
strong anticancer activities on a large panel of human cancer cell models (prostate, breast,
lung, liver, bladder, bone, acute and chronic myeloid leukemias) with GI50 values in the
nm range, together with a high selectivity. An original and distinctive mechanism of action,
that is, through inhibition of the redox antioxidant NRF2 transcription factor (strongly
associated with aggressiveness and resistance to cancer therapies), has been evidenced. 2a
could remarkably sensitize to sorafenib in HepG2 liver cells, in which dysregulated NRF2
signaling is linked to primary and acquired drug resistance. 2a also inhibited NF-κB and
transcriptional activities, which are also associated with progression and resistance
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cancer. Our findings provide evidence that hybrid (NHC)gold(I) compounds represent a
new class of organometallic hybrid molecules that may yield new therapeutic agents [190].
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4.50. Commercialization of Small Fluorinated Hydrophobic Groups for Lipophilicity Tuning in
Drug Development (P50)
Mariana Manso 1 , Bruno Linclau 1 , Steve Brough 2
Chemistry, University of Southampton, Highfield, Southampton, SO17 1BJ, UK
2 Key Organics, Camelford, Cornwall PL32 9RA, UK; m.g.manso@soton.ac.uk
Next to bioactivity, optimization of lipophilicity is crucial in drug development. Here,
we describe the changes in lipophilicity using a selection of different internal and terminal
fluorination patterns, motif rearrangements, and vicinal and skipped patterns on a linear
alkanol and on a cyclopropylmethyl scaffold (Figure 45) [193,194]. The comparison with the
corresponding non-fluorinated parents 1-butanol and cyclopropylmethanol is also shown.
These trends can be replicated when these motifs are introduced in a pharmaceutical drug
candidate as part of an aromatic butoxy chain [195]. The coupling reactions between these
small fluorinated hydrophobic groups and the aromatic groups is typically achieved with
a tosylate or triflate functional group. Hence, we offer a stock of different fluorinated
1-butanols and cyclopropylmethanols, some already activated as tosylate (which has the
added benefit of reducing compound volatility).
1
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5.
Conclusions
5. Conclusions
The meeting attracted over 150 delegates, with remarkable growth of both the network
The meeting attracted over 150 delegates, with remarkable growth of both the netmembership and the geographical range of the attendees’ home countries, which included
work membership and the geographical range of the attendees’ home countries, which
France, Germany, the United Kingdom, Turkey, Spain, Portugal, Ireland, Italy and Romania,
included France, Germany, the United Kingdom, Turkey, Spain, Portugal, Ireland, Italy
but also countries outside Europe. The program comprised a discipline-leading line-up of
and Romania, but also countries outside Europe. The program comprised a disciplinepresenters from various universities, spanning a broad range of pharmaceutical-chemistryleading line-up of presenters from various universities, spanning a broad range of pharrelated topics.
maceutical-chemistry-related topics.
Louise Cooney (YRC02, University College of Cork, Ireland) received the award for
Louise Cooney (YRC02, University College of Cork, Ireland) received the award for
the best presentation by an early-career researcher, sponsored by RSC Medicinal Chemthe best presentation by an early-career researcher, sponsored by RSC Medicinal Chemistry
istry journal. The runner-up prize went to Eavan McLoughlin (YRC05, Trinity College,
journal. The runner-up prize went to Eavan McLoughlin (YRC05, Trinity College, UniverUniversity of Dublin, Ireland), sponsored by Pharmaceuticals, a journal published by MDPI.
sity of
Dublin,
Ireland),
sponsored
by Pharmaceuticals,
a journal published
MDPI.
The
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by a post-doctoral
researcherby
was
awarded
prizeLoupias
for the best
poster
presentation
by a post-doctoral
researcher
was awarded
to Dr.The
Pauline
(P30,
University
of Amiens,
France), sponsored
by Teledyne
ISCO,
to Dr.
Pauline
Loupias
(P30,
of Amiens,
France), sponsored
by Teledyne
ISCO,
and
the
runner-up
prize
wasUniversity
given to Dr.
Xavier Guillory
(P18, University
of Rennes
1,
and
the
runner-up
prize
was
given
to
Dr.
Xavier
Guillory
(P18,
University
of
Rennes
France and Eindhoven University of Technology, The Netherlands), sponsored by CEM.1,
France
and Eindhoven
University
of Technology,
The Netherlands),
sponsored
byfor
CEM.
Sébastien
Depienne
(P14, University
of Nantes,
France) received
the prize
the
Sébastien
Depienne
(P14,
University
of
Nantes,
France)
received
the
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for
the
best
best poster presentation by a PhD researcher from our sponsor Key Organics, and the two
poster presentation
by a PhDbyresearcher
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the two
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prizes, sponsored
Collaborative
Discovery,
to Louna
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Discovery,
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Diaz (P33, University Paris-Descartes, France) and Jeanne Trognon (P46, University of
Diaz (P33,France).
University Paris-Descartes, France) and Jeanne Trognon (P46, University of
Toulouse,
Toulouse,
France).
Congratulations to all the awardees!
Congratulations
all
the awardees!
The
30th Annualto
GP
2 A Medicinal Chemistry Conference is scheduled to take place
in person at Trinity College, Dublin, 24–26 August 2022. Our group will be delighted to
welcome current and new members during this future event.
Both the GP2A and the organizing committees thank all the sponsors, namely RSC
Medicinal Chemistry, Pharmaceuticals MDPI, Teledyne ISCO, CEM, Collaborative Drug
Discovery, Key Organics, and Asynt, for supporting our 2021 annual conference.
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