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Abstract 
Small molecules occurring in nature have special significance to 

mankind.  They have varied applications from healthcare, food, 

nutrition, agriculture, personal care and well-being.  These 

natural small molecules are from very diverse sources from the 

rarest plants to deep sea creatures.  Recently they have assumed a 

lot of significance as pharmaceutical companies is constantly 

pushing the horizons to make them “druggable” due to their 

inherent bioactivities.  Though they are not easy to synthesize or 

isolate, yet their diverse molecular scaffold confers them 

significance especially given the fact of prevailing resistance to 

drug scaffolds presently being used in the clinics. Hence it’s of 

paramount importance to have a database of diverse natural small 

molecules through the present effort of creating a “Virtual 

Natural Products Library” (VNPL-version 0.15). 

Keywords: Database; Druggable; Natural Compounds 

database; SDF; Virtual Natural Product Library; VNPL. 

Availability: VNPL database is available at 

http://122.169.243.137/ChemStructure/Home.aspx 

1. Introduction 

VNPL (Virtual Natural Product Library) was created by 

manually curating several journals that are published in the 

sphere of natural products and painstakingly identifying 

articles with structures, followed by drawing them and 

storing them in a “Structure-Data” (SD) format [1].  These 

articles were identified over the last decade starting from 

1999 till 2009 selected from dozens of key primary 

journals and its coverage includes isolation studies, 

biosynthesis, and new natural products, known compounds 

from new sources, structure determinations, new properties 

and biological activities. Around 200 graphical abstracts 

are contained in each monthly bulletin including structure 

diagrams, trivial and taxonomic names, molecular 

formulae and physical and biological properties.  This is an 

ideal source to mine for natural compounds with or without 

specific biological activity from various natural sources of 

interest. 

 

VNPL is collection of service for chemists, biochemists, 

pharmacists, medicinal chemists and others working with 

natural products. Over 80 journals are monitored, covering 

topics such as isolation studies, new compounds and 

known compounds form new sources, structure 

determinations, new properties and activities, and total 

synthesis and biosynthesis. Structure was curated from 

each of the peer-reviewed article and this was then 

allocated a unique identifier code.  

 

VNPL differentiates itself in comparison to other public 

domain databases (such as Pubchem, ChemSpider, 

Wombat, Zinc) with regard to its depth of all the natural 

compound entries contained in it, which would be revealed 

by a simple search.  Each entry is selected based on the 

information whether its extracted from its native source or 

if an attempt has been made for total synthesis of the 

same.  Citation to any biological activity or any reference 

to establish bio-efficacy is another parameter in identifying 

the compounds.  These two parameters give the edge to 

each compound entry with specific reference to its 

accessibility and activity. 

2. Database description 

A web interface was then constructed to give an easy 

access to this data.  In the VNPL version 0.15, query can 

be based on the molecular descriptors matching the criteria 

including formula, molecular weight, LogD, hydrogen 

bond donors, hydrogen bond acceptors, number of 

rotatable bonds, total polar surface area. The output 

contains the list of hits matching one or more query 

parameters wherein each hit is distinguished with a unique 

identifier, followed by its 2D chemical structure, one 

dimensional SMILES notation, molecular formula, 

molecular weight, logD, AlogP, molecular solubility, total 
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polar surface area, number of aromatic bonds, number of 

aromatic rings, number of hydrogen bond donors, 

acceptors & rotatable bonds. While the structure is 

manually curated from the peer reviewed publication, all 

other molecular descriptors are computed dynamically at 

the back end. In addition, the statistics tab indicates the 

diversity based on molecular weight, several different 

structural clusters to which these compounds belong to, the 

range of hydrogen bond acceptors & donors and LogD. 

 

While there is no specific preference of a chemotype, the 

fundamental criteria is to ensure its “natural” or “nature-

mimicing” origin. The back end of the database uses 

simple “Structure-data” format files with descriptors where 

applicable.  The search interface is built as a layer on top 

of this. 

 

 
 

Figure 1: The scheme Diagram for the preparation workflow for database 

generation. 

3. Database search options 

A researcher may be interested in retrieving information, 

such as 2D or 3D structures. However, without prior 

knowledge of the chemical content or structure of this 

database, the researcher would have been unable to find 

these records. VNPL now allows searching for 

compounds by molecular weight and other text 

annotations. These annotations, numbering over ~18K 

using (in-house built Structural Library of Natural 

Compounds database [2]), comprise a substantial corpus 

of information.  

 
 

Figure 2: Main window for Virtual Natural Product Library database. 

 

To allow users to quickly search textual information, 

VNPL has been updated with an annotation parser and 

indexer which accommodate the special syntax often 

found in the chemistry domain, such as Molecular 

Formula, SMILES, Molecular weight, H bond Donor & 

H bond Acceptor, Logp, Rotatable TPSA and SMILES 

strings.  

 

 
 

Figure 3: Search engine query Options. 

 

These modules provide full-text indexing and sub-

second searching capabilities over the database 

annotations, comparable to those of a typical web-based 

document search engine. With this tool, users can 

retrieve full chemical structure records given. This is an 

especially convenient method for finding chemicals as 

they are generally identified by common, non-

systematic, names that can only be indexed through an 

electronic knowledge repository, such as the corpus of 

database annotations. 

  

 
 

Figure 4: diversity against the whole database for each compound by 

Molecular Weight 
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Moreover, in some cases, Systematic names in VNPL 

can nevertheless be useful when searching for multiple 

substring keywords. For instance, a keyword query such 

as ‘301’ as molecular weight retrieves all chemicals 

whose molecular weight contains all of those keywords, 

effectively acting as a multiple functional group search. 

 

 
 

Figure 5: 2D structure view in search engine. 

4. Statistics 
 

M.Wt. Range Number of Molecule 

0 to 499 12593 

500 to 999 4965 

1000 to 1999 863 

2000 and above 33 

 
Table 1: Moleculare Weight range in the curration. 

 

Lipinski [4] rules are the most widely used to identify 

drug-like compounds [5]. Other techniques based on 

artificial neural networks have also been used [6], [7], [8]. 

Molecular weight ≤ 3347.17, ALogP ≤ 44.301, TPSA ≤ 

3045.82, H Acceptors ≤ 93, H Donors ≤ 56, Rotatable 

bonds ≤ 93, The definition of the reactive functions used is 

the modified version by Oprea [9] of the list published by 

Rishton [10]. 

A recent review of Hann and Oprea gives rules to select 

lead-like molecules [11]. In our database the data set was 

“clean-fragments” 18, 454 entries from in-house build 

database. All the entries in this dataset ALogP ≤ 44.301, 

molecular weight (MW) ≤ 3347.17, TPSA ≤ 3045.82, H 

bond acceptor (HBA) ≤ 93, H bond Donors (HBD) ≤ 56 

and rotatable bonds ≤ 93. 

 

4.1 Rotatable bonds: The definition of JOELib [3] is used 

Number of rotatable bonds, where the atoms are heavy 

atoms with bond orders one and a hybridization which is 

not one (no sp). Additionally the bond is a non-ring-bond. 

 
 
Figure 6: diversity against the whole database for each compound by 

Molecular Weight 

 

The relationship between the number of compounds in a 

database and the diversity (number of clusters) of the 

chemical space covered by a database is essential 

information. We used the dissimilarity step of the Accelrys 

fingerprints to compute the number of clusters for the 

whole database and for each provider (figure 7). The 

VNPL database is clearly the most representative of the 

chemical space and covers 68.24 % of the chemical space 

of the whole database obeys Lipinski’s rule of five.  
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Figure 7: diversity against the whole database for each compound. 

 

Hydrogen acceptors count from 0 to 10 are 14467 

molecules, 11 to 20 are 3094 and >20 are 893 molecules. 

 

 
 

Figure 8: H-Bond Acceptors score. 

 

Hydrogen Donors count from 0 to 10 are 17512 molecules, 

11 to 19 are 789 and >20 are 152 molecules. 
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Figure 9: H-Bond Donor score 

 

LogD values are from -11 to 0 are 3909, 0 to 5 are 11993 

molecules, 6 to 10 are 2208 and >11 are 350 molecules. 

 

 
 

Figure 10: Log D score 

 

TPSA Rotatable bonds from 0 to 5 are 10365 molecules, 6 

to 10 are 4542 and >11 are 3567 molecules. 

 

 
 

Figure 11: Number of rotatable bonds 

5. Conclusion 
 

VNPL is an attempt to create a public domain repository in 

this field of natural products to assist researchers working 

towards drug discovery including several “open source” 

efforts.  VNPL will be shortly enriched with capabilities to 

search using structure & sub-structure to precisely identify 

the molecules having relevant pharmacophore features and 

molecular scaffold and the contacts tab gives the details of 

authors for those who seek further details and in the next 

update we are planning to provide journal references.   

Authors will make every attempt to maintain and make this 

database active for as long as possible and we don’t have 

any specific timeframe.  The idea is to make this available 

to public and help researchers such as those involved in 

world’s first Open Source Drug Discovery (OSDD) effort.  
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