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In Silico Medicinal Chemistry 2 
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What is a Bioisostere? 

Bioisosteres 

• Structural moieties with broadly similar shape and function 

• Function should be biological but modulate other properties 

• Bioisosteric replacement: replacement of functional groups 

 

Molecular Scaffolds 
• Subset of bioisosterism 

• Identification of the core functional or structural element 

• Scaffold hopping: replacement of core element 

 

The molecular interactions must be maintained 

• Important to mimic shape and function 
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1. Langdon, S. R.; Ertl, P.; Brown, N. Bioisosteric Replacement and Scaffold Hopping in Lead Generation and Optimization. Mol. Inf. 2010, 29, 366-385. 
2. Brown, N. Bioisosteres and Medicinal Chemistry. Mol. Inf. 2014, 33, 458-462. 

http://dx.doi.org/10.1002/minf.201000019
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Why Bioisosteres? 

 

Many properties can be modulated with appropriate 
bioisosteres: 

• Improved selectivity 

• Fewer side effects 

• Decreased toxicity 

• Improved pharmacokinetics: solubility/hydrophobicity 

• Increased metabolic stability 

• Simplified synthetic routes 

• Patented lead compounds 
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Drug Design is Inherently a Multiobjective Optimisation Problem 

1. Nicolaou, C. A.; Brown, N. Multi-objective optimization methods in drug design. Drug Discovery Today: Technol. 2013, 10, e427-e435. 

http://dx.doi.org/10.1016/j.ddtec.2013.02.001
http://dx.doi.org/10.1016/j.ddtec.2013.02.001
http://dx.doi.org/10.1016/j.ddtec.2013.02.001
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Irving Langmuir, 1919 9 

Irving Langmuir 
1881 – 1957 

1. Langmuir, I. Isomorphism, Isosterism and Covalence. J. Am. Chem. Soc. 1919, 41, 1543-1559. 

http://dx.doi.org/10.1021/ja02231a009


Harris L. Friedman, 1951 

• Friedman first coined the term bio-isosteric in 1951: 

 

 

 

 

• “We shall term compounds “bio-isosteric” if they fit the broadest 
definition for  isosteres and have the same type of biological 
activity.” 
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1. Friedman, H. L. Influence of isosteric replacements upon biological activity. NAS-NRS Publication No. 206, NAS-NRS, Washington, D.C., pp. 295-362, 1951. 

http://books.google.co.uk/books?id=1EgrAAAAYAAJ


Craig W. Thornber, 1979 11 

1. Thornber, C. W. Isosterism and molecular modification in drug design. Progress in Drug Research 1979, 37, 563-580. 

dx.doi.org/10.1039/CS9790800563


12 Exploration versus Exploitation 

Exploration 

“... includes things captured by terms 
such as search, variation, risk taking, 
experimentation, play, flexibility, 
discovery, innovation.” 

 

All Exploration: “…the costs of 
experimentation without any of its 
benefits.” Undeveloped ideas, little 
distinctive competence.” 

 

Exploitation 

“... includes such things as refinement, 
choice, production, efficiency, 
selection, implementation, execution.” 

 

 

All Exploitation: “Locked-in to 
suboptimal equilibria (local maxima). 
Can’t adapt to changing 
circumstances.” 

1. March, J. G. Exploration and Exploitation in Organizational Learning. Org. Sci. 1991, 2, 78-87. 

Feedback to exploitation occurs much more quickly. Increasing returns can lead 
to lock-in at a suboptimal equilibrium. 

“…these tendencies to increase exploitation and reduce exploration make 
adaptive processes potentially self-destructive.” 

http://www.jstor.org/stable/2634940


Exploration versus Exploitation 



Exploration versus Exploitation 
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Exploration versus Exploitation 

Exploration Enabled Through Introduction of ‘Controlled Fuzziness’ 
of Bioisosteric Transformations and Descriptors 



Methods to Identify Bioisosteres 

• Databases 

• BIOSTER 

• ChEMBL – Matched Molecular Pairs 

• Cambridge Structural Database (CSD) 

 

• Descriptors 

• Physicochemical properties 

• Molecular Topology 

• Molecular Shape 

• Protein Structure 

17 



BIOSTER Database – István Ujváry 18 

1. Ujváry, I. Bioster: a database of structurally analogous compounds. Pesticide Science 1997, 51, 92-95. 
2. Distributed by Digital Chemistry: http://www.digitalchemistry.co.uk  

• Database of ~26,000 bioisosteric 
transformations 

• Bio-analogous pairs mined from 
the literature: 

• Systematic abstracting since 
1970 

• Compound pairs represented as 
hypothetical reactions  

• ‘bioisosteric transformations’ 

• Compatible with most 
reaction-searching software 

//localhost/dx.doi.org:10.1002:(SICI)1096-9063(199709)51/AID-PS608>3.0.CO
http://www.digitalchemistry.co.uk


• Identification of molecules that differ in only 
one position 

• Can suggest structural changes to 
modulate biological or physicochemical 
properties 

 

Matched Molecular Pairs 19 

1. Kenny, P. W.; Sadowski, J. Structure Modification in Chemical Databases. In: Chemoinformatics in Drug Discovery (Ed. Oprea, T. T.). Wiley-VCH 2004. 
2. Griffen, E.; Leach A. G.; Robb, G. R.; Warner, D. J. Matched Molecular Pairs as a Medicinal Chemistry Tool. J. Med. Chem. 2011, 54, 7739-7750. 
3. Wirth, M.; Zoete, V.; Michielin, O.; Sauer, W. SwissBioisostere: a database of molecular replacements for ligand design. Nucleic Acids Research 2012. 

MMP Transformation: 
H>>CF3 

dx.doi.org/10.1002/3527603743.ch11
http://dx.doi.org/10.1021/jm200452d
dx.doi.org/10.1093/nar/gks1059


Bioisosteric Similarity Methods 20 
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Case Study: Bioisosteric Replacement 21 

X = Br, Cl, CN, CF3 equivalent 
X = H: 10 to 50 fold weaker 
X = large group: inactive 

Butressed against hinge 
Ortho substitution poor 
Meta tolerated but weaker 

Solvent  
accessible 
 

Benzyl-type linker optimal 

320 Compounds already made: What is the learning? 
Unbiased and objective analysis 

Focus on enzyme potency and cell penetration 

Required 



Generation of a Virtual Library 22 

• Preferred R2 and R3 groups from Free-Wilson analysis. 

• Introduce other ideas from bioisosteric replacements 

• X = Cl, R2 = 54, R3 = 49 

• > 2600 possible compounds  

• Filter to remove compounds that: 

• Have > 1 basic centre 

• Have TPSA > 100 

• Have AlogP > 3.5 

• Have MW > 520 Da. 

• Have > 2 HBD 

• 1500 compounds remaining 

 
Easy to generate ideas: Picking which ones to make is much harder 



1868 – Properties a Function of Structure 23 

• Alexander Crum Brown defined the 
following relationship between: 

• Φ, the physiological action, and 

• C, the chemical constitution of a 
molecule 

Φ = f (C ) 

1. Brown, A. C.; Fraser, T. R. On the connection between Chemical Constitution and Physiological Action. J. Anat. Physiol. 1868, 2, 224-242. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1318606/


Predictive Modelling 24 
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1. Brown, N.; Lewis, R. A.  Exploiting QSAR methods in lead optimization.  Curr. Opin. Drug. Discov. Devel. 2006, 9, 419-424. 

http://www.ncbi.nlm.nih.gov/pubmed/16889226


Predictive Modelling 25 

Build naïve Bayesian model 

FCFP_6 fingerprint molecular descriptors 

Active threshold set at: 

• 10 nM for enzyme IC50 

• 300 nM for cell IC50 

Training set and test set (n = 320) 

Molecules scored by predicted activity/inactivity 

• Partition dataset into training and test sets 

• Derive statistical models 

Predict Activity for 1500 Virtual Molecules 

Prioritise the best molecules to make first 



Predictions on Virtual Compounds 26 
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Make some of the preferred compounds first 



Example of Multiobjective Prioritisation 
Using Bioisosteric Replacements 

27 

MW = 551 
AlogP = 4.1 

FLT3 = 4 nM  
Aurora A = 15 nM 

MLM = 60% remaining 
F = 100% mouse 

HLM =  18% remaining 
hERG IC50 = 3 uM 

MW = 456 
logD = 3.8 

FLT3  Ki = 6 nM 
Aurora A Ki = 7 nM 

MLM = 70% remaining 
F = 100% (mouse) 

HLM = 90% remaining 
hERG IC50 > 30 uM 

Chemical Tool Potential Drug Ligand 

MW = 497 
AlogP = 2.9 

Aurora A = 42 nM 
MLM unstable 

Optimal combination of R2 and R3 delivers desired profile 



Case Study: Scaffold Hopping 

Why do we need a definition? 

• Scaffolds are often the synthetic 
invariant in lead optimization 

• Library Analysis 

• Scaffold diversity 

• Scaffold Hopping 

• Subset of bioisosteric replacement 

 

What do we need in a definition? 

• Objective and invariant 

• Their definition derives solely from 
information in the molecule 

28 

1. Langdon, S. R.; Brown, N.; Blagg, J. Scaffold Diversity of Exemplified Medicinal Chemistry Space. J. Chem. Inf. Model. 2011, 51, 2174-2185. 

http://dx.doi.org/10.1021/ci2001428
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1. Langdon, S. R.; Westwood, I. M.; van Montfort, R. L. M.; Brown, N.; Blagg, J. Scaffold-focused virtual screening: Prospective application to the discovery of TTK 
inhibitors. J. Chem. Inf. Model. 2013, 53, 1100-1112. 
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X-ray Co-crystal Structures 32 

IC50 = 8.27µM 
LE = 0.53 

PDB: 4BHZ 
Resolution = 2.85 Å 

 Nine active SHv3 compounds have been soaked with TTK apo crystals 

 Structures determined from X-ray crystallography 

 Four active SHv3 compounds have been confirmed with co-crystal structures 
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Conclusions 

Bioisosterism has seen more than a century of innovation 

• Remains a difficult concept to define accurately, however… 

• Databases of bioisosteric transforms routinely available 

• Molecular descriptors allow for the exploration and validation of 
structurally disparate replacements 

 

Scaffold Hopping is a subset of bioisosteric replacement 

• Ability to successfully move away from problematic scaffolds 

• Important to maintain exit vector geometries 

34 
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