
The Aromatic Heterocyclic Bioisosteres 
of the Future

Matthew T. O. Holland *† , Fernanda J. Duarte †, Paul E. Brennan*

* Centre for Medicines Discovery, Nuffield Department of Medicine, University of Oxford
† Chemistry Research Laboratory, University of Oxford

1. A Tool for Computationally Searching Aromatic Heterocyclic Chemical Space

In 2009 Pitt et al. published VEHICLe, a complete enumeration of a section of chemical space obeying the rules outlined 
below. Many of these molecules have never been synthesised before, but are predicted to be tractable with modern synthetic 
techniques. Believing that these previously unsynthesised heterocycles could unveil new bioisosteres of commonly used 
heterocycles in medicinal chemistry, a computational tool has been developed to align and score (based on shape and 
electrostatic similarity) a user-inputted molecule against this database, along a vector of interest specified by the user. 

The VEHICLe Database

24 867 molecules obeying the following rules:

• Only contain C, N, O, S, or H

• Mono or bicyclic

• 5, or 6 membered rings, and combinations 

thereof

• Electrically neutral

• �H�[�^�r�b�g�`���A�¿�\�d�^�e���l��4n + 2 rule of aromaticity

• Exocyclic carbonyls (keto not enol 

tautomers)

>2500 predicted to be synthetically tractable, 

but have never been synthesised before.

2. Known Bioisosteres of 2-Pyridine are Retrieved

Using 2-pyridine as an example input, the top 20 proposed 

bioisosteres are shown below, along with the similarity score 

(out of 2). Previously known bioisosteres are shown in green.

3. Unsynthesised Heterocycles are Potential Bioisosteres

12 of the top unsynthesised hit molecules that we believe are 

synthetically tractable are shown below, alongside their score. It 

is hoped that synthetic efforts directed towards these could unlock 

new areas of bioisosteric space, expanding the toolkit of 

bioisosteres available to the medicinal chemist
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