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Reactor – Overview

Bischler-Möhlau indole synthesis

ChemAxon’s virtual reaction enumeration engine and application

• Generic reaction schemes to yield reaction products

• Library of organic chemical reactions

• Reaction sketching interface

• Accessibility: Standalone application, Command-line application; KNIME; 

JChem for Excel; Instant JChem; API
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Reaction Scheme

Example: nitration of aromatic hydrocarbons:

Generic reaction equation

- Query atom specification

- Atom mapping on atoms involved in the reaction

- Orphan atoms can be present

- Implicit hydrogens not considered!
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ChemAxon’s Reaction Library

• Reaction Libraries (>200)

• Commonly used organic name reactions (145)

• New development: constantly evolving collection of reactions (114)

• Systematic, based on different functional groups 

(amines, alcohols, aldehydes)

• Each reaction scheme

• Rules (specification) 

• Description with references and preparation instructions

• Examples (test cases)

• Extendable and customizable
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Reaction Rules

• Chemical intelligence by reaction rules

• Rules evaluated by calculated chemical terms or imported properties 

• Chemical Terms is a language for adding advanced chemical intelligence 

to cheminformatics applications.

Reactivity: electronDensity(ratom(1))>0.75;

Selectivity: -energyE(ratom(1));

Exclude: match(reactant(0),"[#6]C(=O)OC([#6])=O") 

or match(reactant(0),"[#6]-[#5,#12,#15,#16,#25,#26,#29,#33,

#47,#50,#51,#80,#82,#83]")
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nitration of aromatic hydrocarbons:



Reaction Rules (contd)

Reactivity: electronDensity(ratom(1))>0.75;

(Reactant can be dinitrotoluene but not dinitrobenzene.)

Selectivity: -energyE(ratom(1));

(Electrophilic substitution takes place on the aromatic 

carbon atom having the lowest localization energy.)

Exclude: match(reactant(0),"[#6]C(=O)OC([#6])=O") 

or match(reactant(0),"[#6]-[#5,#12,#15,#16,#25,#26,#29,#33,

#47,#50,#51,#80,#82,#83]")

(Nitric acid can oxidize anhydrides, metals (Mg, Mn, Sn, 

Fe, Pb, Bi, Cu, Ag, Hg) & non-metals (S, B, P), 

metalloids (As, Sb) to corresponding nitrates, metal/non-metal 
nitrates & oxoacids respectively.)
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Useful Features: Ignore Rules
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Useful Features: Ignore Rules

Keep selectivity rules Ignore rules
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Useful Features: Fused Reaction
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Useful Features: Fused Reaction
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Fused Reaction



Useful Features: Manual Product Selection
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Useful Features: Manual Product Selection

Regeioselectivity by manual product selection
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Reactor in KNIME
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Multi-step Reaction in KNIME
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4 steps



Sequential vs. Combinatorial Enumeration
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Sequential vs. Combinatorial Enumeration
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Reactor in JChem for Excel

• Smoothly integrated into Microsoft Excel environment as functions

• Sequential and combinatorial enumeration (two reactants) available

• Direct post-processing of products
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Synthesis Code

• Unique string for all enumerated products

• Synthesis definition information

- IUPAC name

- company registration code

- location of reagent

- ...

• Concatenatenated for multi-step reactions –

synthesis path definition

Cpd ID: CXN13367281

Location: R12/Sh10/A2

Name: 2-bromo-1-phenylethan-1-one

Cpd ID: CXN18734652

Location: R3/Sh3/A1

Name: aniline

Bischler-Mohlau indole synthesis(CXN13367281, CXN18734652):1/1
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Reactant Information

• Arbitrary fields can be copied from 

the input structure files to the output

 solubility

 toxicity

 availability

 price

 microspecies information

 ...

• Reaction databases stored with 

reactant information

• Reaction queries based on 

reactants
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Reactor in Instant JChem

• Instant JChem integration

• Easy direct access to chemical databases 

for Reactor

• Straightforward post-processing and 

visualization
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Other Useful Features

• Additional reaction information

Reference, preparation, etc. 

• Reverse reaction

22



Other Useful Features

• Examples for each reaction

• Test modified reaction

23



Other Useful Features

• Unsuccessful reactions

include reactions in the output that yield no products

• Prochiral reactions
syn/anti addition support on double bonds
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Future plans

• Extend systematic reaction library

- To cover most possible reactions in organic chemistry

• Advanced synthesis code generation

- Combining field copy with synthesis code to have customizable 

identifiers for products and synthesis paths

• Improved prochiral reaction support

• Improved multiple product list handling in JChem for Excel
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