LEAD-ORIENTED SYNTHESIS: A NEW CONCEPT TO
AID DRUG-DISCOVERY PROCESS
The discovery and development of new drugs is a long and expensive process, and despite of it,
essential to face present and new diseases. For small molecules, which account for the majority
of the marketed drugs, the discovery process generally involves finding a starting point termed
hit or lead compound. These molecules have biological activity but need to be optimized to
enhance their potency and selectivity (i.e. minimize the toxicity) and improve pharmacokinetic
parameters making them suitable to go to the next stage, the pre-clinical tests.
Lead compounds are often found by screening hundreds of thousands of molecules from
pharmaceuticals’ chemical libraries. In this rather random approach, scientist noticed that some
molecules with a molecular weight (mw) of less than 500 Daltons (Da) and a LogP (a measure of
lipophilicity) lower than 5 were more likely to end as marketed drugs 1 Together with constrains
in the number of hydrogen bonding groups, they conform Lipinski’s rule of 5 which has
historically been used to describe the small-molecule drug-like space. Further studies have
refined the molecular properties that correlate with success in the drug-development process
but molecular mass and specially lipophilicity, measured as cLogP (computed octanol-water
partition coefficient) yet remain as the most important factors.
Lead optimization process almost inevitably produces heavier and more lipophilic
molecules 2 as medicinal chemists add complexity and functionality to the molecule. Therefore,
good chemical starting points that allow property inflation during optimization are essential, and
as an analogy to the above mentioned drug-like space a lead- like space can also be defined
(Figure 1). The concept of lead-oriented synthesis has recently been introduced 3 to emphasize
the need of synthesizing small molecules which would lie in this space, this is, that would be
good starting points for lead optimization.

Figure 1. The central red oval represents the optimal oral drug-like space, and the arrow shows
the progression towards more complexity and lipophilicity in the optimization progress. Thus,
starting point should be in lead-like or fragment-like space. | Credit: Nadin et al. (2012)
Indeed, this call is justified. Despite the vast amount of known compounds few meet the
requirements to serve as the origin for drug development: more than 97% of commercially
available molecules (approximately 4.9 million) are not lead-like. Moreover, modern synthetic
chemistry fails too in this aspect, as most of the compounds reported in synthetic methodology
papers do not comply with lead-likeness standards.
On top of that, the exploration of the chemical space has been uneven, biased by the fact that
chemists are more likely to use a particular framework to make a compound if that framework
has been used in the past. For example, in the case of heterocycles just 0,25% of the hetero
frameworks are found in half of the compounds 4.
Obtaining molecules with desirable biological properties and suitable physicochemical
parameters that ensure their efficacy inside the human body has always been the aim of drugdiscovery programs. So far, the different approaches have been focused in obtaining drug-like

molecules. This is the case of target oriented synthesis, which focuses on a molecule, designs
the retrosynthetic analysis and then plans the synthesis. Its main drawback is that it just targets
one compound, and having hundreds or even thousands of molecules to screen is preferred
when new drugs are sought. On the other hand, combinatorial chemistry is ideal to produce a
huge number of compounds, but often they have excessive molecular weight and/or
lipophilicity. Diversity-oriented synthesis (fig 2) achieves structural diversity and complexity by
the use of cascade reactions producing large number of molecular scaffolds using a small set
of transformations. In the diversity-oriented synthesis structural diversity and complexity are
sought, but the molecules obtained in this way are often large in size and lie in drug like space,
so there is little room for optimization. These compounds might be useful as drugs themselves,
but not as leads or hits. Fragment-based screening (fig 2) involves screening small molecules
that are not intrinsically drug-like, but that might become subunits (fragments) of drug-like
compounds.

Figure 2. a. Fragment-based screening: Small and structurally diverse molecules (circles
represent functional groups) are screened for a biological target, and they are combined and
modified to generate drug-like compounds. b. Diversity-oriented synthesis: Large collections of
structurally diverse and complex molecules are made using a short number of reactions. The
resulting compounds are optimized to produce the drug-like compounds. | Credit: P. J.
Hajduk,W. R. J. D. Galloway & D. R. Spring Nature, 2011, 470, 42–43. DOI: 10.1038/470042a
Through different approaches, the above mentioned methodologies can efficiently produce
drug-like molecules, but they are limited to yield smaller molecules with the desired molecular
properties (1<cLogP <3, mw 200-350 Da) that would place them in the lead-like space. Leadoriented synthesis concept has been precisely coined to capture this challenge. Despite its
recent introduction, an increasing number of groups5 are focusing on developing new synthetic
methods that comply with the concept of obtaining molecules with specific molecular
properties. Roughly, small polar molecules as opposed to currently predominant (and easier to
make) big and apolar (lipophilic) entities. However, obtaining molecules with desired molecular
properties at the lead stage is necessary but not sufficient: The optimization process is equally
critical to enhance the activity and reduce the undesired effects, while the molecular properties
are kept in the drug-like range. The best outcomes are likely to come from both the appropriate
optimization and a good starting point, where the concept of lead-oriented synthesis may be of
help.
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