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What Is tautomerization?
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Tautomerization Plugin
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Tautomerization Plugin

Can generate:

— Dominant tautomer distribution with
estimated ratio: those likely to exist (e.g. at a
given pH).

— Major tautomer: the most dominant one

— All tautomers: all theoretically possible

— Generic tautomer: used for duplicate tautomer
searching

— Canonical tautomer: canonicalization based on
empirical rules
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Algorithm

ldentify H donors and acceptors.

Filter depending on parameters and method.

Consider bond paths
between donors/acceptors.

Process results of 2 & 3:

Combinatorically enumerate,

Rank results (dominant & canonical),
Calculate distribution (dominant),
Filter & select (canonical)

Combine paths into regions (generic)
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Enhancing property predictions

* Log D: whole dominant tautomer distribution is
used, weighted by the ratio of isomers.

* pKa, major microspecies, logP: the single
major tautomer is used for the calculation.
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Tautomer searching methods
In JChem
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Table/index option

%ﬂ'autnmer duplicate checking

» ,Duplicate search uses tautomers” —

@\}Duplicate search uses kautomers

|t makes all duplicate searches
Jautomer search”

 Algorithm:

Convert query to
generic tautomer

V

Tautomer hash code
screening
V%

Graph matching of
generic tautomers
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Generic tautomer
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Generic tautomer
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Generic tautomer — algorithm

H donor and acceptor atoms
are identified

!

Excluded parts are located.
(e.g. Protected stereo, aromaticity, etc.)

!

Tautomer regions are identified
based on alternating single/double bonds, etc.
between H donor and acceptor atoms.

J

Assignment of tautomer regions
1. Variable bonds are replaced by any bonds.
2. Bonding electron count, number of Dand T

in the region is attached to the region as data.

(Needed for graph matching.)
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Stereochemistry

Theory:
« Spontaneous tautomerization: racemization(lose stereo)
-> |[gnore stereo in tautomer region

« Option to protect
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Stereochemistry

Current practices (considering structure registration):

« Tetrahedral stereo centers are protected

 Double bond(E/Z) stereochemistry is allowed to
tautomerize.
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Stereochemistry

Example: Tautomer duplicate categories with
stereochemistry

o 0 i:‘u
%/ G/Y \Y j\]/ (“protect double bond stereo”

. . ci option is off)

L
A

c

il

(“protect all tetrahedral stereo

0
|K/ centers” option is on)
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Tautomer search option

Skruckure Skruckure

Query molecule is
enumerated | °

H i OH Z"‘:
”'f"fh o o
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Standardization methods

- Canonical tautomer &g rauomerie

« Custom transforms — examples:

Converting oxo-enol | tautomers Converting enamine-imine tautomers

OH O NH. MNH

#ML action: <Transformation ID="enol™ Structure="[H:4][0:3][C:1l]=[C:2]=>[H:4][C:2][C:1]=[0:3] /> ¥ML action: <Transformation ID="enamine™ Structure="[H:4][N:3][C:1]=[C:2]>>[H:4][C:2][C:1]=[M:3]"/>

action string: "[H:4][0:3][C:1]=[C:2]=>[H:4][C:2][C:1]=[0:3]" action string: "[H:4][N:3][C:1]=[C:2]>>[H:4][C:Z][C:1]=[N:3]"

* Flexible, e.g. ring-chain tautomers

N N
=

~ s ~
[ H [ MNH
| I
) CH, : . J
H
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Comparison of the methods

Available search types
yp Tautomer

_ _ speed q
Duplicate | Substructure | Duplicate | Substructure S

Duplicate - small
tautomer table OK - * (under OK Fast
: overhead
option dev.)
Tautomer . = OK OK OK As normal May be
search option slow
Canonical Smalll
tautomer in OK - - - Fast
. overhead
standardization
Custom small
standardization OK OK - - Fast
overhead
transforms

* Available via tautomer search option (covered in row 2).
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Under development

 Further filters (e.g. customizable stable
groups)

 Built-in ring-chain tautomerization in
tautomer plugin

* Switchable tautomer search for tautomer
table option in JChem

September 2010, Cxn US UGM, Boston




Summary

« Tautomer calculation plugin offers various
methods

« Tautomers can improve property predictions

« JChem offers 4 ways for searching
tautomers
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