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The Medicinal Chemist’s Dream:
Faster Design of Better and Safer Drug
Candidates

Marianne Reist, Laura Novaroli, Antoine Daina, Sophie Martel, and Pierre-Alain Carrupt*

Abstract: Successful drug research depends on adequate links between therapeutic benefits for the treatment of a
disease, pertinent biological targets and suitable chemical compounds. The pharmacochemistry group at EPGL is
active in the development of virtual and experimental methods to enhance these links following a general hit and
lead generation strategy to reduce large chemically diverse databases to lead collections. This strategy is based
on a careful definition of its numerous steps and on a series of key validation processes. Particular attention is de-
voted to identify and improve the usefulness of virtual screening techniques widely used in drug development. The
guidelines proposed here to use the best validated tools in the most suitable order will help the medicinal chemist
to approach his dream, namely to be faster in the design of better and safer drug candidates.
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Introduction

The main goal of a medicinal chemist is to
join the colossal multidisciplinary effort
needed to market a drug able to cure a spe-
cific human disease. Despite large access to
new technologies, it is a well-documented
paradigm in modern drug discovery and de-
velopment that costs are increasing expo-
nentially while the number of novel market-
ed drugs decreases or remains at a constant
level leading to a noticeable diminution of
financial return. Among the various reasons
for this deceptive situation is without doubt
that current processes used to design drug
candidates are suffering from a number of
pitfalls inherent with the infancy of some
key strategies.
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Recent advances in several research ar-
eas such as genomics, proteomics, chemical
synthesis using combinatorial chemistry,
high-throughput biological and biochemi-
cal screening or in silico design techniques
have dramatically changed the landscape
of drug candidate selection. Even if drug
design processes have derived some profits
from such advances the new technologies
were sometimes used inappropriately or in-
effectively, necessitating additional efforts
to carefully validate them. Thus, besides
his traditional work, one of the actual chal-
lenges for a pharmacochemist is to better
study, with the highest scientific standards
available, the scopes and limitations of nov-
el technologies introduced recently in drug
research and development.

The pharmacochemistry group at the
Geneva-Lausanne School of Pharmacy has
focused partly its research interests on the
development and validation of theoretical
and experimental methodologies able to
help medicinal chemists to approach their
dream, namely to be faster in the design of
more potent and safer drug candidates.

The Links Between Diseases,
Targets, and Chemical Compounds

A closer look at current global drug
discovery processes is needed in order to
clearly identify the domains where novel
validated techniques can significantly influ-
ence the number of useful drug candidates.

Schematically, the interactions of three
main ensembles are involved in drug design
and development, namely therapeutic ben-
efits for the treatment of a disease, pertinent
biological targets, and suitable chemical
compounds (Fig. 1). Successful drug re-
search depends on adequate links between
them. The frontiers of each domain were
very efficiently enlarged by recent novel
technologies such as medical and pharma-
cological research for a better knowledge of
diseases, genomics and proteomics to make
a large amount of structural information on
biological targets available, combinatorial
chemistry and fast chemical libraries gener-
ation to enlarge the number of new chemi-
cal compounds of interest.

As depicted in Fig. 1, a drug or a drug
candidate can be obtained mainly by three
diverse strategies:

I) The number of biological targets iden-
tified by genomics and proteomics can
increase rapidly with the description
of some new chemical entities (NCE)
able to interact with them. This knowl-
edge will only be efficient in terms of
drug development if these biological
targets can be related to a disease, thus
after a large amount of additional med-
ical and pharmacological research.

II) A more traditional but fruitful way to
obtain drug candidates is linked to the
identification of new chemical entities
by their therapeutic effects without
any knowledge of biological targets
(e.g. traditional medicine).



ECOLE DE PHARMACIE GENEVE-LAUSANNE: A NOVEL CENTER OF EXCELLENCE IN GENEVA

296

NCE able to interact
with targets not linked to
JPe known therapeutic effects

O~

Drug candidates

Increasing medical
and pharmacological
knowledge

Biological

\ Chemical

t
1
1
1
1
1
1
1
1

and selected as lead compounds

," Targets = \ | Compounds
: 1} .
! ] NCE identified by
1 No NCE known for medical observations
: targets linked to 111 (traditional medicine,
| therapeutic effects metabolic pathways,
\‘ T serendipity, etc...)

\‘ Diseases

‘\ Rational screening strategy ‘
- v
. N NCE validated as hits

=== Rational NCE optimization

Fig. 1. The complexity of pathways allowing the transformation of new chemical entities (NCE) to

drug candidates

III) Modern pharmacology is more and
more able to establish strong links be-
tween biological targets and a disease.
A large number of experimental and
theoretical techniques such as ratio-
nal drug design or rational screening
strategies can apply this information to
the domain of chemical compounds in
order to identify new chemical entities
acting on specific targets for a given
disease.

When interactions of new chemical
entities with specific targets and the thera-
peutic effect of these complexes are known,
these NCEs are validated as hit compounds
and the most promising of them selected as
lead compounds. Their further transforma-
tion into drug candidates is generally per-
formed by means of rational lead optimiza-
tion techniques.

To fully achieve some of its ambitious
goals (better and safer drugs) the phar-
macochemist must develop or use newly
proposed techniques dealing with hit/lead
generation and lead optimization. Since the
scientific fundamentals of all these tech-
niques are largely related to intermolecular
interactions, any improvement of a method
of screening or design will also be of ben-
efit to a method of optimization and vice
versa.

The research in the pharmacochemis-
try group at the Geneva-Lausanne School
of Pharmacy was devoted to the translation
of the analysis described above in a deci-
sion tree based on several theoretical and
experimental filters under the assumption
that some biological targets and mecha-
nisms related to selected diseases were
known (case III).

From Chemical Diversity to a Lead
Compound

Very large screening libraries are avail-
able at most pharmaceutical industries as
historical collections prepared by tradi-
tional syntheses, many natural products
extracted from nature’s biodiversity, or
recently as mixtures prepared by combi-
natorial chemistry [1]. In this context, the
number of compounds flowing through
the drug discovery pipeline [2] has rapidly
increased calling for the development and
use of new tools such as high-throughput
screening (HTS) to provide interesting hits
for modern drug discovery.

However, the screening of these very large
diversity-based libraries is limited by the cost
and duration of the new HTS experimental
tools. Thus, recently the real challenge has
been to develop strategies able to rapidly se-
lect hits and search for new lead compounds.
Some successes were reported but the over-
all performance of these novel approaches
remains low mostly because they were often
applied as black boxes without a sufficient
attention to their scientific validity.

To apply more efficiently the general
decision tree described in Fig. 2 for the
search of drug candidates related to a given
disease, several key steps must be built to
validate the performance of theoretical and
experimental filters proposed.

From Chemically Diverse Databases
to Pre-focused Libraries

It has been estimated that 40% of com-
pounds fail to reach the market due to drug—
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drug interactions or poor ADMET proper-
ties (absorption, distribution, metabolism,
excretion, toxicity).

There is now good agreement that a fo-
cus on molecular properties that affect in
vivo pharmacokinetic behavior is equally
important as in vitro compound potency and
selectivity when choosing candidates for
drug discovery [3]. Thus, compounds with
inappropriate. ADMET properties should
be eliminated as early as possible in the
discovery phase. Considering the increas-
ing number of compounds to be tested, it
is obvious that classical ADMET methods
alone are inadequate for rational selection.
Thus, new rules allowing the prediction of
fundamental ADMET properties from mo-
lecular structures are of interest to deal with
chemically diverse databases characterized
by large compound numbers.

In addition, the biological activity of a
compound must be accompanied by other
drug-like molecular properties such as ion-
ization, lipophilicity, and solubility to make
the molecule a successful drug. Hence, an
early consideration of these molecular prop-
erties in the selection of drug candidates can
avoid failures at later development stages.

Recently, there have been considerable
efforts in the conception of computational
methods for detecting a molecule’s liabili-
ties in the earliest stage of drug discovery
[4]. Indeed, in silico approaches represent
an alternative to experimental investiga-
tions to create a pre-focused library permit-
ting the rapid exclusion of candidates that
do not show drug-like properties or a be-
havior inside ADMET space.

The quality of in silico quantitative
structure-pharmacokinetic ~ relationships
(QSPkR) models has still to be improved to
efficiently predict pharmacokinetic proper-
ties as permeability or blood brain barrier
(BBB) distribution from molecular proper-
ties. The proposed decision tree (Fig. 2) in-
cludes two key validation steps allowing the
identification of the most suitable methods
to deal correctly with molecular properties
and to predict with a reasonable precision
the pharmacokinetic behavior.

From Pre-focused Libraries to a
Virtual Focused Library

If the biological targets involved in the
selected disease are identified, other in
silico approaches can be used to refine the
pre-focused library. These computational
techniques, so-called virtual screening
tools, were designed to retain in the virtual
focused library only NCEs able to interact
with the biological targets. These virtual
focused libraries can be realized mainly by
two distinct approaches (Fig. 3):
¢ On the one hand, when biostructural

information on the biological targets is
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Fig. 2. From chemically diverse databases to lead collections: hit and lead generation strategy

available, the so-called receptor-based
methods allow pre-focused libraries to
be screened by docking experiments that
evaluate the fit of drug candidates with
targets by diverse scoring methods.

¢ On the other hand, when the three-dimen-
sional structure of biological targets is not
available ligand-based pharmacophore
models [5] able to describe drug—receptor
interactions can be used as search criteria
in the pre-focused-library.

From a Virtual Focused Library to a
Validated Focused Library

If the in silico tools used in focus
processes described above were reliable,

the compounds present in the virtual fo-
cused library would define a valuable hit
collection. However, due to their limita-
tions, in silico models are surely respon-
sible for lowering the quality of such
hit collections. Experimental screening
integrating biochemical filters towards
specific disease-related targets, physico-
chemical profiles, and pharmacokinetic
filters is needed to transform virtual fo-
cused libraries into validated focused li-
braries.

Moreover, results from these addi-
tional physicochemical and biological ex-
periments may provide further improve-
ment of in silico approaches applied to
the pre-focused library. From this point of
view, experimental and in silico screening
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might be considered highly complemen-
tary disciplines in early phase drug dis-
covery research. Having in silico methods
so precise that experimental screening can
be skipped will remain a dream of medici-
nal chemists despite the publicity around
actual computational tools claiming that
they already exist!

From a Validated Focused Library
to a Lead Collection

Finally, the generation of lead com-
pounds from the validated focused library
requires more complex in vitro screening
using cellular- or tissue-based models. At
this stage, the pharmacokinetic behavior
will also be examined more carefully,
mostly with experimental techniques.

Detailed molecular modeling work
(Fig. 4) can also be done:

e Most molecular modeling tools were
developed to optimize the pharmaco-
dynamic behavior of lead compounds.

* However, recent developments, based
mostly on molecular interaction fields
(MIF) offer novel perspectives to take
into account several pharmacokinetic
properties very early in the lead selec-
tion and optimization especially via
detailed quantitative structure—phar-
macokinetic relationships (QSPkR).

Conclusion

The research of drug candidates can be
enhanced by a complex interplay between
theoretical and experimental methods. To
have a chance to be faster in design and
development of new drugs candidates, the
pharmacochemist must use the best vali-
dated tools in the most suitable order. This
contribution proposes a general way to
focus from chemically diverse databases
to a small collection of lead compounds.
The concepts presented here remain con-
stantly present in the research and teach-
ing of pharmacochemistry in Geneva and
underline the importance of deep scien-
tific validation of in silico tools for a suc-
cessful drug research. Parts of the strategy
proposed here will be presented in detail
(see paper of Martel et al. [6] in this is-
sue) and applied in the search for new
multi-functional compounds potentially
interesting for the treatment of Parkinson
or Alzheimer’s diseases (see paper of No-
varoli et al. [7] in this issue).
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