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Talk Overview
• D e  n o v o  design
• Reaction vectors
• Application of reaction vectors as transforms
• Reaction cleaning
• A desktop tool for generating structures using 

one-step transforms
• Conclusions & future work
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D e  N o v o  Design
• Generation of virtual lead compounds
• Ideally should be soluble, non-toxic, 

synthetically feasible etc
• Limitations of current tools:

• Restrictions in computing power
• Lack of synthesisable structures
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Aim
• Design a tool for generating synthetically 

feasible structures using reaction vectors
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Reaction Vectors1
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1 Broughton, H. B. et al. (2003) Methods for Classifying and Searching Chemical Reactions. 
   United States Patent Application 367550. 25 Sept

D =  P - (R1 + R2)
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Descriptor
Use of m odif ied  Atom Pairs descriptor

AP2  : X 1(n , p , r)-2 (B O )-X 2(n , p , r)
AP3  : X 1(n , p , r)-3-X 2(n , p , r)

Where:
X 1 and X 2  - chemical symbols
n  – number of heavy atoms
p  – number of π bonds
r – number of ring memberships
d  – distance between atoms
B O  – bond order
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Reaction Vectors (D  = P -R ) as 
Reaction Transforms
The reaction vector D  is given by:
D  = P  – R
Where P  is the product vector and R  the reactant 

vector.
Given a reaction vector (D ) and the reactant(s) (R ) 

from which it was derived, can the product 
vector (P ) be generated:

P  = D  + R     or  (P 1  + P 2) = D  + (R 1  + R 2)



01/09/08

Applying Reaction Vectors
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Reaction Cleaning
      44% of reactions 

extracted were 
incomplete 

      95% of these were 
successfully “cleaned” 
using an algorithm

     The dataset consisted 
of 6016 reactions 
made up of 29 
different reaction 
types
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D e  N o v o  Design
   Given a starting molecule and a set of 

reaction vectors can we identify suitable 
reagents and build novel molecules of 
potential therapeutic use?
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Starting molecule

Can the transform
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A Desktop Tool Using KNIME1

• KNIME is a java based platform allowing 
creation of visual data flows

• Nodes can be built and modified rapidly to 
generate the required workflow

• Allows a plug and play approach
• Chemists can explore the next synthetic 

step
1 Konstanz Information Miner - www.knime.org

http://www.knime.org/
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KNIME Nodes
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KNIME Nodes
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KNIME Nodes
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KNIME Nodes
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KNIME nodes
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KNIME nodes
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KNIME nodes
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KNIME nodes
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KNIME nodes
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Replicating the Synthetic Route of 
a Known Drug – PlavixTM 1

1 2

3

4

PlavixTM

Step
No. applicable 

reaction 
vectors

No. reagents for 
correct 
reaction

1 20 1

2 21 3

3 15 1

4 23 1
1 Wang, L. et al. (2007), Org. Process Res. Dev., 11 (3), 487-489
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Lead Optimisation

• 24 analogues generated - 11 found in 
literature
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Enumeration

292 output
structures

N

O

Br

NCore structure

Br B
OH OH

+Suzuki 
reaction

628 boronic acids B

OH

OH

R

+

+
N

O

N

ClCl

N

O

N

N

O

N

O
O

N

O

N

N



01/09/08

Conclusions & Future Work
• Reaction vectors can be applied successfully as 

reaction transformations
• Reaction databases are continuously being updated 

and this is one way to utilise the knowledge base
• A desktop tool was created using KNIME to 

generate new molecules from a starting molecule, 
using one-step transformations

• Next step is to incorporate this method into a multi-
objective d e  n o v o  design tool
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