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ABSTRACT
A software module for automatic generation of tautomers is introduced. 

The software is implemented on top of Chemistry Development Kit (CDK) 
Library. The program enumerates all possible tautomeric forms of a given 
molecule. All places for double bond/hydrogen atom shift are identifi ed and 
combined via exhaustive combinatorial algorithm. Different tautomerism 
cases are described as rules represented in the form: H-X-Y=Z ↔ X=Y-Z-
H, where the states are coded as SMILES strings and the H atom positions 
are denoted as well. For a particular target molecule, each rule is applied 
by means of exhaustive substructure searching of the rule fragments against 
given target structure. As a result all possible locations for a shift are 
recognized. The tautomeric forms in this sense could be described as binary 
numbers where each digit represents the „shift“ state of each recognized 
location.
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INTRODUCTION
Tautomerism is a process of dynamic isomerization of one tautomer 

converting itself into another. The IUPAC defi nition [1] generalizes the 
Tautomerism in the form: 

H-X-Y=Z ↔ X=Y-Z-H
where X, Y and Z are typically C, O, N or S atoms and H is the moving 

group. When the moving group is H+ the tautomerism is called „prototropic“. 
Computer-based applications often handle tautomers as different structures 
because of their different topological representation (i.e. double bond 
positions are changed). Tautomerism can infl uence the calculations of pKa, 
LogP and solubility and also can change the stereochemistry of a compound. 
Different tautomers have different ligand-receptor interactions. Also 
structure similarity searching is affected because of the differentiations of 
tautomeric fi ngerprints [2]. Software for automatic generation of tautomers 
is a valuable tool for scientists working in the areas of structure-based 
drug discovery, design and optimization, structure elucidation and spectra 
prediction. The latter is the basic motivation for developing yet another 
software tool for automatic tautomer generation.

SOFTWARE IMPLEMENTATION
The program was implemented using object oriented language Java on 

top of the open source library CDK [3]. Our software uses the CDK model 
for structure representation. Figure 1 shows the fl ow chart of tautomer 
generation algorithm.

First the molecular structure is inputted into the system as a SMILES 
string. All possible fragment states for each rule are searched against the 
target structure thus all rule positions are identifi ed using the AMBIT 
isomorphism algorithm [4]. 

Each rule has typically two states coded as 0 and 1. The found locations 
match one of the states (0 or 1) for each rule. The other state is generated 
by the software. Then all possible combinations of fragments’ states are 
iterated to generate all possible tautomers (see fi gure 1). 

Currently the software uses eleven rules described by means of SMILES 
line notation. They cover the range of 1,3 shifting of the moving group. For 
example the fi rst rule describes the most common type of Tautomerism, 
keto-enol one, and has two possible states of the molecule. All other rules 
are listed in table 1.
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Substructure searching / Indentification of double bonds rules:

N=CC1CCC2CC1CCCC2C=O

AB
Rule list

Molecule fragments:
A:  O=CC
B:  N=CC

Rule 1  matches fragment A
Rule 2  marches fragment B

Result

Rule 1, state 0: O=CC generate state 1: OC=C
Rule 2, state 0: N=CC genarate state 1: NC=C

Output all possible tautomeric forms

Structure Input:
N=CC1CCC2CC1CCCC2C=O

Combination of all possible states 
of all molecule fragments

AB
00
01
10
11

NH

O

Possible states of matched rules:

CH3

O

CH2

OH

0 1

O=CC OC=C

A NH

CH3

NH2

CH2

0 1

N=CC NC=C

B

Internal representation 
CDK/CT (AtomContainer)

Figure 1. Flow chart of the tautomer generation algorithm.
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Table 1. Tautomer rule list

NAME STATES H-position
1 keto/enol O=CC OC=C 3,1
2 amin/imin N=CC NC=C 3,1
3 amide/imid O=CN OC=N 3,1
4 nitroso/oxime O=NC ON=C 3,1
5 azo/hydrazone N=NC NN=C 3,1
6 thioketo/thioenol S=CC SC=C 3,1

7 thionitroso/
thiooxime S=NC SN=C 3,1

8 amidine/imidine N=CN NC=N 3,1

9 diazoamino/
diazoamino N=NN NN=N 3,1

10 thoamide/
aminothiol S=CN SC=N 3,1

11 nitrosamine/
diazohydroxide O=NN ON=N 3,1

EXAMPLE OF SOFTWARE APPLICATION
For illustration purposes we use the molecule of 6-(iminomethyl) 

decahydronaphthalene-1-carbaldehyde shown in Figure 2. It contains two 
fragments A and B which correspond accordingly to the rules: 1 – keto/enol 
rule and 2 – amino/imino rule. 

Figure 2. Rule application for the molecule of 6-(iminomethyl)
decahydronaphthalene-1-carbaldehyde. Fragments A and B are identifi ed.
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Fragment A (keto/enol rule) is found in state 0 – „keto“. Fargment B 
(amino/imino rule) is found in state 1 – „imino“.

 
Figure 3. Rule states of fragments A and B and their codes.

To get all possible tautomeric forms for the molecule all combinations 
of states of fragments A and B are generated: 00 – keto, imino; 01 – keto, 
amino; 10 – enol, imino; 11 – enol, amino.

Figure 4. Result (generated) tautomeric forms.

CONCLUSIONS
Described software module handles well the basic forms of tautomerism 

and can be used for handling small organic structures. This is the fi rst version 
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of a bigger project for automatic generation of tautomers. The software 
module is part of AMBIT software platform for Chemoinformatics. Current 
version of the software handles well molecules for which the described 
rules from table 1 are not overlapped. Also 1,5 shifts or higher distances 
shifts are not regarded. 
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