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After the identification of a biological target (enzyme, receptor, protein and so on), the focus of the early phase of drug

discovery rests on the identification of leads or compounds that exhibit pharmacological activity against this specific

target. Compounds of interest are most often discovered in pre-existing libraries of compounds that can be either virtual or

physical. Computer-aided methods which have become increasingly important over the years in drug development utilize

virtual compound libraries. While physical compound libraries reach the number of millions of molecules, virtual compound

libraries created by large pharmaceutical companies can range from 10  to 10 molecules. Investigations of these

libraries identifies specific molecules, synthetic pathways and focus on a specific chemical space. Targeted libraries are

often smaller and are focused towards a specific chemical space. They are created by using relevant biological

information with the aim to decrease the processing time associated with larger libraries while maintaining the most

relevant chemical space where lead compounds can be found. Due to the fact that they required less computational or

wet-lab labor to process they have become very popular with smaller laboratories which try to compete in the drug-

development sector. Many modern vendors of compounds today offer such libraries, but the quality of the procedure used

to define desired chemical space and select compounds is questionable.
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1. The Role of Targeted Libraries

As seen in (Figure1) the compound library plays a crucial role in the process from target identification to drug candidate.

the computer-aided drug design (CADD) methodology is nowadays routinely used in drug discovery, the need for virtual

compound libraries increases . Consequently, numerous commercial vendors have emerged, offering such libraries in

both physical and virtual forms. To further facilitate the drug discovery, commercial vendors are now offering scientists the

so-called targeted or focused compound libraries ready to jumpstart the drug design and discovery in a specific field.

These focused libraries often represent a subset of compounds from the manufacturer’s full database that may possess

specific properties for a selected target or drug design field .
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Figure 1. Computer-aided drug design process chart used to obtain lead compounds.

2. Preparation of Targeted Libraries

When designing or examining an existing molecular library, a researcher should be aware of important steps and

drawbacks associated with virtual molecules. After obtaining the target structure and learning about the molecular and

biological context, a researcher can proceed toward designing the virtual compound library.

The main goal of targeted libraries is to cover a diverse chemical space with as few compounds as possible. Due to the

fast-growing availability of the chemical and biological structural data, the public bioactivity databases provide an excellent

starting point . The most comprehensive and curated information about molecules is freely available in the prominent

PubChem, ChEMBL and ZINC databases. After assembling the initial database from various sources, the next step is to

remove duplicates, so that only unique structures are processed further . The choice of the chemical file format is vital,

as it dictates how the obtained data can be used. The most recommended file formats for representing molecules as

strings include the SMILES and InChI formats. In most situations, multiple SMILES strings can equally well represent a

single molecule. The application of the canonical SMILES, which uses only a single string per molecule, is recommended

to avoid duplication and filtering problems. For the spatial representation of molecules, either the Structure Data Format
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(SDF) or the MDL Molfile (MOL) format are the most common . Online libraries can usually be downloaded in these

formats, making it easier to obtain a coherent library. When performing filtering, clustering or similarity searches, the

SMILES format is preferred, as it leads to faster processing, due to its string representation; however, the spatial

information is required for downstream methods such as 3D pharmacophore development, molecular docking and

molecular dynamics. The molecular representation always requires the extra care and exploration in terms of

conformational viability, chiral centers, tautomerism, compound ionization, presence of salts, structural faults and so on By

default, the hydrogen atoms are often not present in various chemical file formats and should be added during the library

preparation . Tautomerism represents a property of chemical compounds that affects the calculation of their

physiochemical properties, such as logP, logD and pKa, and subsequently bears consequences in both QSAR and

molecular docking . Due to their different structural representations, tautomers are often handled as separate molecules

by CADD programs . Moreover, since proteins are known to be enantioselective toward the binding ligands, exploring

chirality when designing a virtual library is an important aspect to consider. In the majority of virtual libraries, however,

compounds are represented by a single stereoisomer, or the stereo information is absent altogether. Exploring chirality

thoroughly will expand the database size by 2n per molecule, where n is the number of chiral centers present. With larger

databases, this issue will be even more pronounced and should be considered before generating all possible

stereoisomers . In general, it is recommended to explore unspecified chirality, which should be performed on a case-by-

case basis with regard to the biological context . Furthermore, for compounds that have ionizable groups, multiple

different structural representations should be used. Within a reasonable pH range, structures should be represented as

protonated and deprotonated forms of compounds . The biological context of the target protein should be used to

provide an accurate representation of the environment. After the final compound 3D structure generation, energy

minimization should be carried out in order to optimize the molecular geometry . Library design should factor in the

avoidance of toxic outcomes. Despite the fact that toxicity of drugs is multifactorial and that predicting the exact property

responsible for toxicity is difficult, several correlations of toxicity to in vitro pharmacology profiles exist and can be

translated to in silico tools which examine molecular descriptors and filter the libraries accordingly . The filtering itself

can also flag compounds with reactive functional groups or moieties, optically interfering components, aggregators or

frequent hitters. The filtering of “unwanted” molecular species using computational filters represents an essential element

of library preparation which should always be considered in a suitable context . The general guide for virtual

compound library preparation is presented in (Figure 2).

Figure 2. Workflow of an efficient library preparation for medicinal chemistry.
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3. Examples of Commercial Targeted Libraries

3.1. Enamine

The Enamine library is composed of several different libraries and consists of compounds associated with targets of the

SARS CoV-2 virus. The library construction began with the collection of structural data for selected target proteins.

Docking models were created and validated by using short molecular dynamics simulations. Covalent docking was

performed on cysteine and serine proteases to identify potential covalent binders. Finally, the obtained molecules were

filtered by using various medicinal chemistry parameters not disclosed by the commercial supplier (Figure 3).

 

Figure 3. Process algorithm for generating the Enamine SARS-CoV-2-targeted molecular library.

3.2. Otava

The SARS-CoV-2-targeted library supplied by Otava contains eight different sub-libraries. Apart from a single general

library, the remaining libraries are targeted against SARS-CoV-2 proteins. The targeted libraries were designed by

receptor-based virtual screening, using crystal structures of the target proteins. The entire procedure involved flexible

docking of the Otava Drug-Like Green Collection (collection of compounds that satisfy Lipinski’s rule of five) to key binding

sites. The relevant protein binding site with the docked molecule was examined in detail. The final decision was based on

the structural determinants of ligand binding, docking scores and intermolecular hydrogen bonding within the binding site.

The next library was constructed by using machine learning techniques to obtain molecules with predicted activity against

SARS-CoV-2. Initially, the molecules showing activity against coronavirus targets and the inactive compounds were

divided into two equal groups. One was used as a training group and the other as a test group. The model based on

Bayesian statistics and artificial neural networks was not further disclosed by the supplier nor was the relevant reference

to the primary literature provided. The test sets used to validate models and based on a variety of molecular descriptors,

such as Molecular Weight, number of hydrogen bond acceptors, number of rotatable bonds, LogP and the polar surface

area of molecules. The Drug-Like Green collection was checked against the model, and the highest scoring compounds

were visually inspected (Figure 4).



Figure 4. Process algorithm for generating the Otava ltd. SARS-CoV-2-targeted molecular library.

3.3. Life Chemicals

Using docking-based virtual screening, the entire collection was screened against three different coronavirus-associated

proteins, using the Glide software. The compounds were further filtered by using Lipinski’s rule of five, with the exception

of the main protease, as it would filter out many peptide-like compounds. All molecules in the final database contain no

PAINS, toxic or reactive groups. The second part of the library was assembled by using a 2D fingerprint similarity

approach. The Tanimoto cutoff was set at 75% for screening molecules with known activity against the SARS coronavirus.

Data on active molecules were obtained from ChEMBL. Compounds were selected based on the minimum accepted

activity value (IC50, Ki; according to ChEMBL; Figure 5).

Figure 5. Process algorithm for generating the LifeChemicals SARS-CoV-2-targeted molecular library.

4. Quality of Commercial Targeted Libraries

The main problem with the libraries discussed, in their opinion, is that vendors lack the information on library design, as

well as the references to the primary literature. Commercial vendors consistently provide only general information about

the screening protocols used to design the target libraries offered and are even less informative about the actual filters

used. No references to actual actives are provided when using ligand-based design, with the exception of marketed

libraries of known actives that can be referenced post-purchase by the client through databases such as ChEMBL. For

structure-based approaches, usually only target or protein classes or a general panel of targets are provided, with



reference to methods such as molecular docking. No precise docked receptors or PDB IDs of the targets are available,

and no docking protocols or even references to the molecular docking software (or other HTVS software) are provided.

This fact is that worrying does not bode well for the use of these libraries in drug design and lends itself to commercial

drug companies to focus on and improve. In the more than 10 years of experience, it has been found that the quality of

the compounds purchased from commercial suppliers is usually high, with most compounds being characterized by NMR

and MS/HRMS analyses after purchase, and their purity being determined to be about 95% or higher by HPLC. However,

analytical data are not part of the original catalogue selection, and purity data are not usually available prior to the

purchase. Therefore, it was recommend that the reader be aware of this fact and even take advantage of asking the

commercial vendor for characterization and purity data prior to the purchase (in some situations, NMR, MS and HPLC

data can be obtained). Nowadays, vendors can even point out certain availability and quality issues. From the time of

purchase, the quality of the supply chain (cold storage, if necessary, and insurance for possible shipping problems) and

the emphasis on quality storage after delivery are essential .

5. Summary

Since December 2019, the new SARS-CoV-2-related COVID-19 disease has caused a global pandemic and shut down

the public life worldwide. Several proteins have emerged as potential therapeutic targets for drug development, and we

sought out to review the commercially available and marketed SARS-CoV-2-targeted libraries ready for high-throughput

virtual screening (HTVS). We evaluated the SARS-CoV-2-targeted, protease-inhibitor-focused and protein-protein-

interaction-inhibitor-focused libraries to gain a better understanding of how these libraries were designed. The most

common were ligand- and structure-based approaches, along with various filtering steps, using molecular descriptors.

Often, these methods were combined to obtain the final library. We recognized the abundance of targeted libraries offered

and complimented by the inclusion of analytical data; however, serious concerns had to be raised. Namely, vendors lack

the information on the library design and the references to the primary literature. Few references to active compounds

were also provided when using the ligand-based design and usually only protein classes or a general panel of targets

were listed, along with a general reference to the methods, such as molecular docking for the structure-based design. No

receptor data, docking protocols or even references to the applied molecular docking software (or other HTVS software),

and no pharmacophore or filter design details were given. No detailed functional group or chemical space analyses were

reported, and no specific orientation of the libraries toward the design of covalent or noncovalent inhibitors could be

observed. All libraries contained pan-assay interference compounds (PAINS), rapid elimination of swill compounds

(REOS) and aggregators, as well as focused on the drug-like model, with the majority of compounds possessing their

molecular mass around 500 g/mol. These facts do not bode well for the use of the reviewed libraries in drug design and

lend themselves to commercial drug companies to focus on and improve.

For further details the reader should reference the article by Kralj, Jukič and Bren: Commercial SARS-CoV-2 Targeted,

Protease Inhibitor Focused and Protein-Protein Interaction Inhibitor Focused Molecular Libraries for Virtual Screening and

Drug Design .
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