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What Is tautomerization?

Try Beta & Log in/ create account
article discussion edit this page history

Tautomer

From Wikipedia, the free encyclopedia

WIKIPEDI A Tautomers are iSO""?fS.Of organic Enol form Keto form Lactam form  Lactim form
The Free Encyclopedia compounds that readily interconvert by a OH 0 OH
S chemical reaction called tautomerization.
r:aw"ﬂgf:::ge It is common that this reaction results in )\ )l\ il /'LNHz Rp— /gNH
o Coitieis the formal migration of a hydrogen atom or ' H H
I —— proton, accompanied by a switch of a single
a Cumrent events bond and adjacent double bond. The
= Random article concept of tautomerizations is called Amide form Imidic acid form Amine form Imine form
—— tautomerism_Tautomernsm is a snecial 0 OH NH,

z Cane Ul SUTJLLUral 1ISUTHZHSI d4ng wdrnl pldy )L - /k\ -
| an important role in non-canonical base E N
[ Ge | [ Search | pairing in DNA and especially RNA

molecules.
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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




Algorithm

\

1. Identify H donors and acceptors.

2. Filter them depending on parameters and

o]
method.
3. -

Consider bond paths between
donors/acceptors. d

. s Tautomers
ro C e S S re S u S O B o teP
[ u Tautomer: 1 Distribution: 100 % Tautomer: 2 Distribution: 0 %

— Combinatorically enumerate, mm

— Rank results (dominant & canonical),

— Calculate distribution (dominant), HM m

— Filter & select (canonical)

Combine paths into regions (generij




Enhancing property predictions

ChemAXxon property

predictions have option to

consider tautomers:

* Log D: whole dom
IS used, weighted

* pKa, major micros

Inant tautomer distribution
oy the ratio of iIsomers.

pecies, logP: the single

major tautomer is used for the calculation.




Tautomer searching methods
In JChem




Table/index option

%ﬂ'autnmer duplicate checking

» ,Duplicate search uses tautomers” —
check box at table / index creation.  gussssnsnise:

* It makes all duplicate searches
Jautomer search” on that table

 Algorithm:

Convert query to
generic tautomer

v

Tautomer hash code
screening
v

Graph matching of
generic tautomers
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Generic tautomer

Generic tautomer calculation is accessible In
Marvin for understanding/checking behavior:

A MarvinSketch 5.2.4 Al=ES lautomers Options
File Edit View Insert Atom Bond Structure | Tools | Help Calculation
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Generic tautomer

O OH
Example:
O
NYCHG
OH
Generic
tautomer
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Generic tautomer — algorithm
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Stereochemistry

Theory:

When spontaneous tautomerization happens in nature,
the specific stereo configuration is lost easily in two
steps of back and forth tautomerization. (E.g.
racemization.)

For this reason, in general we ignore stereochemistry in
tautomer regions, but there are options to protect
different types of stereochemistry.

I
Ve
J
%:
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Stereochemistry

Current practices in JChem (considering structure
registration):

« Tetrahedral stereo centers (which are marked by wedge
bonds) are excluded from tautomerization ( = they are

never included in tautomer regions).

Explanation: wedge stereo drawing is usually not accidental. This
way the chemists express that a separate stereoisomer can be
Isolated.

 Double bond(E/Z) stereochemistry is allowed to

tautomerize.

Explanation: It is very easy to ,accidentally” define E/Z
stereochemistry. — Just by the atom coordinates. This way it is not
easy to decide what the original intention was.
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Stereochemistry

Examples:

H.C
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H,C
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CH,

Generic
tautomer
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Stereochemistry

Example 2: As a result, each row below will be recognized
as different compounds. Molecules in the same row are

recognized as tautomers of each other:

(“protect double bond stereo”

Cg/ @/Y G\\(/ ﬁ\]/ option is off)

Cl Cl
Cl

il

0
j\/ (“protect all tetrahedral stereo
centers” option is on)

c

0
|k/ (“protect all tetrahedral stereo
centers” option is on)
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Tautomer search option

Query molecule is
enumerated

non-tautomer
search:

Skruckure

COH

H,C o

HO

tautomer
search:

Skruckure




Standardization methods

- Canonical tautomer &g rauomeree

« Custom transforms — examples:

Converting oxo-enol tautomers

/\}OH\:>/\)(JK

XML action: <Transformation ID="enol™ Structure="[H:4][0:3][C:l]=[C:2]>>[H:4][C:2][C:1]=[0:3]"/>

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

Converting enamine-imine tautomers

NH NH

XML 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][N:3][C:1]=[C:2]>>[H:4][C:2][C:1]=[N:3]"

ChemAxon




Standardization method

« Custom transform example for ring-chain
tautomerism:

S

: M I MNH
B - |
! CH, :

NH, M

O O
N7 N\
~ ‘\

Mollica et al, J.Pharmaceutical Sciences, Vol 60, No 9, p1380,
1971




Comparison of the methods

Available search types
yp Tautomer

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

Duplicate Smalll
tautomer table OK - - OK Fast
: overhead
option
Tautomer . = OK OK OK As normal May be
search option slow
Canonical Smalll
tautomer in OK - - - Fast
. overhead
standardization
Custom Smalll
standardization OK OK - - Fast
overhead
transforms
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Summary

- Tautomer calculation plugin offers various
methods

« Tautomers can improve property predictions

- JChem offers 4 ways for handling tautomers
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