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ABSTRACT: Modern-day drug discovery is now blessed with a wide range of high-
throughput hit identification (hit-ID) strategies that have been successfully validated in
recent years, with particular success coming from high-throughput screening, fragment-
based lead discovery, and DNA-encoded library screening. As screening efficiency and
throughput increases, this enables the viable exploration of increasingly complex three-
dimensional (3D) chemical structure space, with a realistic chance of identifying highly
specific hit ligands with increased target specificity and reduced attrition rates in
preclinical and clinical development. This minireview will explore the impact of an
improved design of multifunctionalized, sp3-rich, stereodefined scaffolds on the (virtual)
exploration of 3D chemical space and the specific requirements for different hit-ID
technologies.
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Chirality plays a fundamental role in the binding affinity
and interactions between the drug and its target, thus

shaping the drug’s pharmacology. For this reason, in 1992 the
Food & Drug Administration (FDA) outlined a series of
guidelines for the pharmaceutical development of single
enantiomers and racemates.1 Since then, most drugs in the
market are chiral, and the number of single-enantiomer and
single-diastereomer drugs has consistently increased.2,3 Exam-
ples of chiral FDA-approved drugs and recent disclosures in
clinical trials are shown in Figure 1a. Atropisomerism is a type
of chirality that originates from a restricted bond rotation
usually within an sp2-sp2 bond. An analysis of FDA-approved
small-molecule drugs since 2011 revealed that 30% of these
compounds have at least one atropisomeric axis,4 even though
they exist as rapidly interconverting isomers.
Chirality is an innate property of some molecules derived

from an absence of an internal plane of symmetry. Many
naturally occurring molecules (amino acids, sugars) and
biologically relevant molecules (DNA, RNA, proteins) are
chiral. Drugs interact in a chiral environment, and biological
targets recognize their ligands in a three-dimensional (3D)
fashion. It is logical that molecules with a higher degree of 3D
shape will interact with their targets with an increased affinity
and higher levels of specificity, thus making more efficacious
and safer drugs. For the scope of this review, we define 3D
molecules as any organic compound that deviates from linear
(one-dimensional (1D)) or planar (two-dimensional (2D))

shape. The molecular shape can be compared by analyzing a
set through the method of Sauer and Schwartz5 by normalizing
the principle moment of inertia (PMI) values and plotting
their ratios on a triangular graph in which each corner
represents a linear, planar, or spherical shape.
Many of the drug-like small molecules developed to date

have a higher sp2 fraction, while natural products have a higher
sp3 fraction (Fsp3) and a larger number of chiral centers. A
higher degree of Fsp3, defined as the fraction of sp3-hybridized
carbons, has been suggested to have a positive correlation with
better drug-like properties such as higher solubility6 and fewer
off-target hits (lower promiscuity).7 A high Fsp3 value does not
necessarily correlate to an enhanced 3D shape; fully sp2

compounds can sometimes have a high 3D character.
The concept of molecular complexity was introduced by

Hann et al. using a simplified model of receptor−ligand
interactions.8 The authors reported how more complex ligands
have less chance to positively interact with a random target.
Saturation can be used as a descriptor for molecular
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complexity, since it allows access to more complex molecular
structures with only a small gain in molecular weight.
Saturation also allows a higher number of isomers compared
to isomers of 2D molecules (e.g., piperidine vs pyridine ring),
which can sample a higher fraction of the chemical space.
Increasing the Fsp3 character can also obtain better ligand/
receptor interactions through the installment of out-of-plane
substituents that are not accessible from flat sp2 molecules. In
this context, stereodefined nonplanar molecules give access to
the exact exit vectors needed for positive interactions, thus
improving selectivity and potency. At the same time, an
increase in 3D character and complexity will reduce the
chances of binding to a specific target. This has been reported
in a publication by Astex in the context of fragment screening,
where the authors showed a lower hit rate for 3D-rich
fragments.9

An analysis of the change in saturation and number of
stereocenters during the drug discovery process showed that
there is an average increase of 31% in Fsp3 and a 21% increase
in the number of stereocenters from discovery compounds to
drugs.10 Similarly, an analysis of attrition in the development
phase showed that compounds with a higher sp3 fraction have
a better chance to become drugs.8 As an example, the JAK
inhibitor Delgocitinib (Figure 1b) has been recently approved
in Japan to treat inflammatory skin disorders.11 In the
modification of the head region, the authors decided to
explore 3D-rich structures resulting in the discovery of a highly
sp3-rich kinase inhibitor.
Synthesis and the structure−activity relationship (SAR)

exploration of complex molecular architectures requires the
development of synthetic methods and efficient approaches to
regulate stereoisomerism and regioisomerism.
Chiral products can be accessed by an asymmetric synthesis,

chiral pool synthesis, or resolution of racemic mixtures. The
rapid development of asymmetric synthesis methodologies and
chiral purification techniques has paved the way for the
commercialization of sp3-rich and enantiomerically pure
scaffolds, but they are still underrepresented in the commercial
market landscape. Their accessibility on a large scale is still a

challenge due to the high costs of chiral catalysts and time-
consuming purifications to obtain a chirally pure compound.
The substrate specificity of most of the asymmetric

transformations means that specific chiral ligands need to be
developed and tested. A resolution of racemic mixtures is
usually cheaper, but at least half of the material is discarded if
the unwanted enantiomer cannot be racemized. A chiral pool
synthesis is limited by the substrate availability.
The isolation of the preferred enantiomer can be achieved

by a diastereomeric crystallization12 (classical resolution),
kinetic resolution13 (chemical or enzymatic), preferential
crystallization,14 or chromatographic resolution.15 The struc-
ture and absolute configuration of the desired enantiomer
needs to be fully characterized, which can be a nontrivial task.
The main techniques for the determination of an absolute
configuration in use in industry and academia are X-ray
crystallography and Mosher’s method (NMR), but recently
vibrational circular dichroism (VCD) is gaining momentum
due to the low amount of sample required and its
complementarity with the previous techniques.16

While developing an enantiomerically pure drug, it should
be confirmed that no change in purity or enantiomeric ratio
occurs during the shelf life and, for therapeutic use, it is pivotal
to characterize the enantiomeric purity and how each
enantiomer is metabolized by the human body.17

In the past decades, these challenges and the explosion of
cross-couplings as robust synthetic methodologies have favored
the use of easy-to-access 2D molecules while hampering the
use of stereodefined building blocks (BBs) in drug discovery.
Recently the trend has inverted, and more pharmaceutical
companies are investing in improving their internal high-
throughput screening (HTS) and fragment libraries.18

Increasing and improving the quality of in-house building
block collections is an overlooked strategy according to
scientists from AstraZeneca, who outlined the importance of
saturated and chiral BBs in a recent publication.19 As a
consequence, numerous contract research organizations
(CROs) have focused in the development and optimization
of chemical processes for the synthesis of 3D-rich libraries,20

making these attractive BBs available for screening. For

Figure 1. (a) Examples of FDA-approved chiral small-molecule drugs. (b) Structure of Delgocitinib. (c) Structure of the active atropisomer of
Esaxerenone.
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example, the enantioselective transamination of substituted
pyridiniums to the corresponding piperidines developed in
Xiao’s group in 201421 (Figure 2a) is the founding technology
of Liverpool ChiroChem (LCC).
Despite piperidines being considered a privileged scaffold in

medicinal chemistry and the considerable size of literature on
their stereoselective synthesis,22 the offer of chirally pure,
multifunctionalized novel derivatives remains still scarce.
Similarly, recent discoveries from Carreira’s group in the

synthesis of spirocyclic building blocks are at the basis of
Spirochem (Figure 2b), and the different synthetic methods
developed for their synthesis has been reviewed elsewhere.23

The presence of this popular motif in medicinal chemistry
has steadily increased in the past decade,24 and advances in the
synthesis of structurally diverse spirocylces has paved the way
for their exploitation in drug-discovery programs. Conse-
quently, the synthesis of diverse fragment libraries based on the
spirocycle moieties libraries has been recently reported.25

Notably, the influence of stereochemistry on different
biological targets has been demonstrated by numerous
studies.26

DNA-encoded libraries (DELs) are a set of drug-like small-
molecule compounds attached to a DNA tag. Each tag is
unique and provides the chemical information related to the
compound to which each tag is coupled. The compounds are
synthesized starting from selected sets of building blocks,
which are combined in a mix-and-split manner to form libraries
containing millions to billions of compounds. Hits from DEL
campaigns have been successfully developed into clinical
candidates, such as the Receptor Interacting Protein 1 (RIP1)
kinase inhibitor GSK298277227 and the soluble epoxide
hydrolase (sEH) inhibitor GSK2256294.28

The methodologies used to synthesize the library com-
pounds are limited by the DNA stability and solubility.
Continued efforts are being made to increase the range of on-
DNA compatible chemistries,29 and consequently there is a
need to expand the array of synthetic handles in the core
scaffolds. The drug-discovery community has been trying to
achieve diversity and complexity in DNA-encoded libraries
through constantly increasing the toolbox of on-DNA chemical
reactions. To preserve the integrity of the DNA barcode,
chemists have focused on expanding the scope of DNA-
compatible chemical transformations and DNA-protecting
strategies. A review covering developments in DNA-compat-
ible reactions has been recently published.30 Established DNA-
compatible transformations require amines, carboxylic acids/
esters, aldehydes, boronic acids/esters, aryl halides, azides, and
alkynes as synthetic handles in the selected cores. Such
methodologies are limited compared to conventional organic
reactions under standard conditions, but the number of BBs
commercially available for these transformations is big enough
(thousands) to allow the creation of screening libraries with
billions of compounds.
Many reports in the literature have described different

approaches to select BBs for DEL technology and increase the
sp3 fraction of the resulting drug-like compounds. When the
library is built through an iteration of the same synthetic step
(i.e., amidation31), the complexity of the drug-like compounds
can be achieved by utilizing sets of BBs with a high diversity
and high sp3 fraction. Thus, BB cores and the spatial
distribution of the synthetic handles are the basis for diversity
in designing a DEL library.
Recent reports in the literature showed how the stereo-

chemical complexity of core scaffolds can be utilized to

Figure 2. (a) Transamination of 2-substituted pyridiniums to piperidines. (b) Synthesis of 2,6-diazaspiro[3.3]heptane.

Figure 3. (a) Representation of branched and linear DEL compounds. (b) Bifunctional BBs. (c) Trifunctional BBs.
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generate sp3-rich DELs with a higher scaffold diversity. A
relevant example is the work of Clemons, Schreiber, and co-
workers32 who used 2,3-disubstituted azetidines and pyrroli-
dines as core scaffolds for the generation of a relatively small
DEL of just over 100 000 molecules. The implementation of all
four stereoisomers of each heterocycle in the scaffold selection
resulted in a collection that resembled diversity-oriented
synthesis libraries more closely than other sources. In another
example, Santini and Young reported the multigram synthesis
of 20 2,3-disubstituted piperazines33 and 24 2,6-disubstituted
piperazines34 in an enantiomerically pure form to be used as
scaffolds for a library production. The stereochemical diversity
of the core and the possibility to orthogonally functionalize the
two nitrogens of the piperazine ring is the key to generate
libraries with a high conformational diversity.
GlaxoSmithKline (GSK) also shared their principles for

selecting BBs for DEL,35 where the authors highlighted the
importance of nonplanar scaffolds to increase the coverage of
chemical space. A different approach to this problem has been
proposed by scientists from Pfizer, who managed to increase
the coverage of 3D chemical space by developing a C−C bond-
forming reaction of DNA-tagged reactants.36

The design and selection of the starting set of BBs is crucial
to ensure good predicted pharmacokinetic profiles of the drug-
like library compounds. Molecular weight (MW) is the most
important limiting factor for BB selection (usually <200 Da),
and it is dependent on the number of cycles intended to
synthesize the library. DELs are most commonly based on two
or three cycles and can be built in a linear or branched
fashion.37 Linear libraries require at least one bifunctional BB,
while branched libraries need at least one trifunctional BB
(Figure 3a). The commercial availability of BBs decreases
drastically when increasing the number of synthetic handles. A
recent study from Eli Lilly scientists38 on the availability of
mono-, bi-, and trifunctionalized BBs for DEL showed that
trifunctionalized BBs only cover 2.3% of the total. Limitations
in the commercial availability of trifunctionalized BBs and the
diversity of synthetic handles are currently affecting the way
DELs are designed. There is a strong need for easy access to a
variety of trifunctionalized compounds to use as core scaffolds
that would diversify the binding mode and the overall coverage
of chemical space of DELs.
It is important that the reactivity of each BB is good enough

to ensure high yields and improve the purification process
between cycles. Moreover, synthetic handles in each BB need
to have an orthogonal reactivity to minimize the byproduct
formation and guarantee accuracy between the DNA tag and
the corresponding chemical product. Examples of commer-
cially available bi- and trifunctionalized BBs for DEL
application are represented in Figure 3b,c.
Cyclic saturated N-heterocycles are optimal starting points

for the design of bi- and trifunctional BBs. The endocyclic
nitrogen can be used as a synthetic handle, and the cyclic core
can be decorated with additional functionalities to obtain a
low-molecular-weight, rigid, sp3-rich building block. Many
major BB providers have developed collections to be employed
in DNA-encoded library technologies that exploit these
scaffolds.
Access to single enantiomers is fundamental when using a

technology capable of generating billions of compounds by a
split-and-pool strategy, especially when multiple BBs are chiral.
The inclusion of both enantiomers in the library design will
ensure a thorough exploration of potential chiral space. Finally,

each BB needs to be available in gram quantities to facilitate a
rapid off-DNA synthesis of virtual hits to confirm their
biological activity.
Fragment library screening is employed to identify low-

molecular-weight molecules (MW < 300 Da) that bind to
biologically important targets.
Fragment-based lead discovery (FBLD) offers multiple

advantages compared to normal high-throughput screening;
the average library size is in the order of a few thousand
fragments compared to millions of compounds for HTS. The
technique is based on the principle that low-MW compounds
can sample a wider range of chemical space than is possible for
higher-MW compounds. Moreover, there’s a high potential for
fragments to be optimized through a fragment growth and
fragment merging, for example. Currently, several compounds
derived from a fragment-based approach have entered different
stages of clinical trials, and some have been approved by the
FDA, such as Vemurafenib39 developed by Zelboraf and
Plexxikon/Roche by fragment growing.
A noncomprehensive list of screening methods for fragment

libraries includes X-ray crystallography40 and NMR,41 along-
side other biophysical methods such as surface plasmon
resonance (SPR),42 isothermal titration calorimetry (ITC),43

and mass spectrometry (mass-spec),44 which are very sensitive
and can therefore detect weak bindings. NMR and X-ray
crystallography can give structural information together with
binding and, therefore, facilitate the optimization of binding
fragments at the same time (structure-based design). The
throughput of techniques such as SPR is also rapidly
increasing, which allows larger fragment libraries to be
screened45 with a better depth and breadth to the
pharmacophore diversity.
There are specific challenges related to FBLD. First of all,

highly sensitive methods are required to detect binding in the
millimolar region. Fragment hits with low affinity binding
(usually mM potencies) will need optimization, but thanks to
countless possibilities for fragment expansion and the creativity
of medicinal chemists, it is nearly always possible to obtain
nanomolar leads form millimolar fragment hits.46 Fragments
need to be soluble at the high concentrations required for
screening; therefore, measured water and/or dimethyl
sulfoxide (DMSO) solubility is an added value for fragment
libraries. An aggregation of fragments at high concentrations
should also be considered, as it can lead to false negatives.47

Despite a low affinity binding, fragments may often have a
high ligand efficiency (free energy per heavy atom) compared
to lead-like and drug-like HTS hits, which is beneficial for the
following optimization.
Even though the principles for the design of a fragment

library depend strongly on the biophysical method of
screening, some common features can be found: diversity,
chemically expandable fragments, availability of materials for
hit validation, access to structurally related analogues, and
exclusion of unwanted functionalities (pan-assay interference
compounds (PAINS) or functionalities that might react with
the target protein).
The molecular complexity of the fragments needs to be

carefully modulated. The probability of a ligand matching a
target decreases as the complexity of the ligand increases,48 but
some degree of complexity is needed to achieve a detectable
binding and a satisfactory sampling of the chemical space. It is
known that, even though the hit rate of fragments is high, the
binding affinity is usually low; therefore, the complexity of a
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fragment can only be decreased as long as the binding is still
detectable. Increasing the number of diversely shaped
fragments (i.e., moving away from flat, sp2-rich compounds)
could be a method to introduce complexity and diversity into
fragment libraries and explore new areas of chemical space. A
higher degree of shape diversity has been correlated to a
broader range of biological activities and, thus, a higher chance
to engage challenging targets.49

A recent paper from O’Brien’s group50 described the design
and synthesis of a small collection of fragments to be used in
addition to existing libraries to improve diversity and three-
dimensionality. This collection shows how simple derivatives
of privileged scaffolds (disubstituted piperidines and pyrroli-
dines in this specific example, Figure 4a) can increase the
shape diversity of existing commercial libraries and explore
under-represented areas of chemical space. Recent reports
from the University of Sussex in collaboration with Photo-
diversity and Abbvie51 showed how carefully designed
fragments, characterized by a stereodefined heterocyclic
saturated core decorated with a different range of pharmaco-
phores (Figure 4b), can effectively sample the chemical space
while maintaining desirable features for drug discovery
programs like a high solubility, 3D shape, high sp3 fraction,
and low number of rotatable bonds.
A fragment library design should focus on the balance of

simplicity, novelty, and diversity. The inclusion of annulated,
spiro, and bridged compounds to novel variants of piperidine-
and pyrrolidine-based scaffolds will ensure a low number of
rotatable bonds and a desirable sp3 character for optimal
physicochemical properties. The spatial distribution of the exit
vectors and the pharmacophore diversity should be maximized
to improve the probability of positive interactions with the
target. A designed diversification of the synthetic handles
combined with stereodefined structures allows for fragment
growth/merging with specific geometry. Sets of fragments such
as these could be exploited as an sp3-rich collection to add
value and diversity to any existing fragment library. The impact
and importance of 3D-rich fragment libraries exhibiting high
Fsp3 and molecular complexity has been recently evaluated.52

Recently the importance of novelty in the design of fragment
libraries has been challenged,53 shifting the focus on diversity.
It has been shown how different FBLD campaigns resulted in
very similar (or even identical) fragments being selected for
different biological targets.54 Even when the binding mode was
the same, each group went on to develop the fragment in a
unique way, which resulted in distinctive lead-like compounds
with no intellectual property overlap. These examples illustrate
how selectivity and potency can arise from common
promiscuous fragments.
We believe that a stronger focus on pharmacophore diversity

and potential growth vectors of the fragments will maximize
the possibilities for their expansion. New synthetic strategies

can play an important role in developing lead-like compounds
from fragment hits. For example, the development of C−H
activation methodologies can facilitate the functionalization of
fragments in specific directions not yet accessible. Mastering
the challenge of balancing complexity and Fsp3 character will
deliver fragment libraries with a satisfactory hit rate and
developability.
HTS is a method used in drug discovery that allows testing

of millions of chemical substances against individual proteins
(or a family of related proteins, target-based) or cellular
systems (phenotypic-based) to identify biologically relevant
molecules. The primary goal is to identify lead-like compounds
that can be further optimized. Since the chemical space is
practically infinite, the design, synthesis, and maintenance of
compound libraries requires significant resources and constant
upgrading to ensure competitiveness and novelty.55

HTS libraries are usually designed to contain a significant
structural diversity56 even though having several examples of
the same scaffold is useful to detect real hits, since it is more
likely to have a real or validated hit when hits emerge from
different compounds containing the same scaffolds.57

Target-oriented libraries are a collection of compounds that
are specifically designed for a certain target (or family). It has
been reported that focused libraries can highly increase the
number of hits.58

There are different approaches to design targeted screening
libraries. If a crystal structure of the target protein (or
homologous) is available, the corresponding screening library
can be built from a structure-based approach by docking sets of
compounds into the active site of the protein. A different
approach is to design the focused screening library from the
information generated by known binders. For certain gene
families (kinases, G-protein coupled receptor (GPCR), etc.)
there are hundreds of known active compounds (ligand-based
approach).
Bayer recently renewed their internal HTS library by adding

500 000 novel compounds. In the resulting publication, their
approach to novel and highly attractive lead-like structures was
described.59 As their previous library was biased toward sp2-
rich molecules arising from flat (hetero)aromatic scaffolds
(average Fsp3 ≈ 0.3), they established Fsp3 > 0.4 as a goal for
the new set of compounds to increase the diversity through the
introduction of saturated and 3D-shaped molecules. This
enhancement of their library has shown a positive impact on
their newest screens.
Hit identification/expansion can also be accelerated by

advances in computational screening. Key to the success of
virtual screening is the quality of the virtual collections. Virtual
libraries (VLs) can be divided into four categories, namely, (a)
internal collections; (b) collections from chemical vendors; (c)
public collections, and (d) collections of compounds that
theoretically exist, and the screening workflow has been

Figure 4. (a) Representation of sp3-rich fragments included in the O’Brien collection. (b) General structures of 3D-fragments reported by Cox et
al.
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reviewed recently.60 Recent computational advances have
allowed significant improvements in both the size and quality
of the virtual libraries that can be screened. Examples of lead-
like libraries for virtual screening from commercial vendors
include Enamine’s REAL database,61 Mcule’s Ultimate,62

WuXi’s Galaxi,63 and LCC’s 3Discovery.64 Cyclic Ro3-
compliant amines can be strategically decorated to access a
3D lead-like chemical space in one step. A schematic
representation of lead-like compounds derived from a
heterocyclic scaffold is shown in Figure 5.
Concerning VLs from chemical vendors, any virtual hit from

the collections will have to be validated experimentally, and
therefore there is a strong advantage in screening VLs whose
compounds can be synthesized rapidly and from in-house
scaffolds and reagents. To ensure the delivery of such chemical
entities in a reasonable lead-time and price, the established
commercial model is based on a free screening access and
make-on-demand hit validation.
Recent literature has highlighted the impact of chirality in

virtual screenings. Of interest, an enantiomer-based virtual
screening approach has been used by Wu and co-workers65 to
identify bioactive compounds to human AChE, while a general
outlook on the importance of absolute stereochemistry in
virtual screening has been published elsewhere.66,67 The
development of new tools to generate and screen 3D structures

will facilitate the rational design and help the initial discovery
phase and optimization of such challenging molecules.
Given the advantages of FBLD discussed in the previous

chapter, screening electrophilic fragments has recently gained
momentum as an alternative methodology to generate new
chemical probes and validate new biological targets.68 An
overview on available warheads and principles for a covalent
library design has been published elsewhere69 and is out of the
scope of this manuscript.
Author: In 2017 Cravatt’s group introduced a platform to

perform FBLD directly in human cells by combining a library
of fully functionalized fragment (FFF) probes with quantitative
chemical proteomics70 to screen and validate the fraction of
the human proteome that can be targeted by small molecules.
A drawback of this revolutionary approach was the fact that
different fragments have different physicochemical properties
and, consequently, a different protein-binding potential, which
can mislead the study of a structure−activity relationship. A
brilliant solution to this came with the introduction of
enantioprobes, pairs of FFF differing only in an absolute
configuration. Numerous stereoselective protein-fragment
interactions were identified in an unbiased way across a
diverse set of protein classes.71

Currently, the published set of enantioprobes is commer-
cialized by Sigma-Aldrich,72 and this technology is at the
foundation of Vividion Therapeutics and Jnana, biotechnology

Figure 5. Schematic representation of 3D lead-like compounds.

Figure 6. Structures of enantioprobes used by Cravatt’s group.
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companies for the discovery and development of small-
molecule medicines.
Although a small set of enantioprobes (eight pairs, Figure 6)

was used, a substantial fraction of the protein targets showed
stereoselective interactions. It is clear how a limited set of
enantioprobes will result in undersampling the amount of
human proteins that can show stereoselective interactions with
small molecules. Therefore, future development should be
focused on the expansion and diversity of the enantioprobe
library. A similar strategy was used by researchers at GSK, who
developed a fragment-screening platform named PhotoAffinity
Bits (PhABits)73 based on a library of photoreactive fragments.
After irradiation, the photoreactive tag can covalently bind to
proteins and identify weak reversible interactions between the
fragment and the target.
Recently, new photoreactive cross-linking reagents have

been developed by a number of vendors74 with differentiated
synthetic handles, and the benefits of employing diazirines
have been reviewed elsewhere.75,66 The diazirine photoaffinity
labeling of biomolecules is widely recognized as a powerful
method for challenging aspects of drug discovery such as target
identification.76

In the past decades, the complexity of the challenges
associated with the synthesis and characterization of stereo-
defined compounds have limited their exploitation in
medicinal chemistry. Although many technologies are emerg-
ing for the development of new drugs, clearly the necessity for
a high Fsp3, 3D, multifunctionalized compounds is widespread
throughout the drug-discovery community. Chemistry CROs
are responding by increasing the diversity and complexity of
their BBs libraries, but this brings additional challenges for
their purification and characterization, limiting the number of
such compounds commercially available on a gram scale and
within reasonable lead times. When chiral compounds are
available, the offer of chirally pure forms drops drastically. For
example, Merk (Sigma-Aldrich) has 9751 heterocyclic building
blocks, of which only 245 are chirally pure.77

Since the publication of Lovering’s seminal paper, a lot of
interest has been placed on adding a 3D character to screening
libraries. The recent advances in multiple fields of chemical
synthesis such as photochemistry, electrochemistry, and
biocatalysis is paving the way for the proliferation of high-
value stereodefined fragments and BBs in the market. Chirality
is a crucial property of molecules for specific interactions with
the biological target, and its exploitation in different
approaches for hit identification has been discussed. The
increasing number and commercial availability in a multigram
scale of diverse, stereodefined, sp3-rich molecules and the
easier access to their analogues will provide the basis for the
enhancement of existing libraries for screening technologies.
We anticipate that a widespread access to chirally pure BBs and
a broader selection of synthetic handles and/or functionalities
will meet the demand of modern-day medicinal chemistry and
enable the design of screening libraries with optimal
physicochemical properties and, eventually, the development
of improved drug-like compounds. The development of new
enantiomerically pure bi- and trifunctionalized scaffolds will
boost the design and diversity of (virtual) screening libraries
and allow a better sampling of the chemical space.
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