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Last year we asked.:
What do we need for reactions ...

To run searches in the Web?

To provide easy ways to han-
dle reactions in databases ?

To compare reactions
between different sources?

IUPAC International Chemical Identifier

for Reactions

Reaction InChl |

(RInChI) DuckDuckGo
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RINChlI 1.0 released March 2017

Agents

solvents, catalysts ...

Reactants > Products

* RInChl

* The RInChl is calculated from the InChls of each reactant, product and agent
 RAuxInfo consists of the AuxInfo of each reaction component
* Recalculation of RXN/RD files from RInChl and RAuxInfo

* Long-RInChlKey

* Calculated from InChlIKeys of each reactant, product and agent.

e Short-RInChlKey

* Fixed length hash over all reagents, products and agents

* Web-RInChlKey

 Fixed length hash developed from the reaction components but ignoring the
specific role within the reaction.
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RInChlI 1.0

o H,SO, o

Aoy Do = 7"

* RInChI=1.00.1S/C2H60/c1-2-3/h3H,2H2,1H3'C4H802/c1-2-3~-
4(5)6/h2-3H2,1H3, (H,5,6)<>C6H1202/c1-3-5-6(7)8-4-2/h3-5H2,1-
2H3'H20/h1H2<>H204S/c1-5(2,3)4/h(H2,1,2,3,4) /d=

* Long-RInChIKey=SA-EUHFF-LFQSCWFLJHTTHZ-UHFFFAOYSA-N-
FERIUCNNQQJTOY-UHFEFFAOYSA-N=-OBNCKNCVKJNDBV-UHFFFAOYSA-N-
XLYOFNOQVPJJNP-UHFFFAOYSA-N--QAOWNCQODCNURD-UHFFFAOYSA-N

* Short-RInChIKey=SA-FUHFF-JEVIJXCZCL-UFTQDZUCXS-QAOWNCQODC-
NUHFF-NUHFF-NUHFF-227

* Web-RINChIKey=UTLWRJSGXVLTKYLGZ-NUHFFFADPSCTJSA
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What's new: ChemAxon's implementation

e Demo
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What'’s next

 Plans for the RInChl release 2.0

* Technical issues

* Additional import formats

* Reaction representation
 Make RInChl useable for Al
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Additional import/export formats

 Reactions built out of the InChls of each of the reaction
components

e Reaction SMILES

 UDM format (Pistoia Alliance, new version released 29-Nov-
2018)
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Reaction representation

* Atom mapping ° °n

 Atom mapping is used to mark the reaction
centers

* Atom mapping is handled as aux(iliary) layer
* Proposed name: MapAuxInfo, version 1.00.1 |
« MapAuxInfo=1.00.1/ ° o

* We are not implementing a mapping algorithm
into RInChl but use the information provided :
by the RXN file as delivered (by the author) Tt ]

|

* Notes: | 3

* RXN files only allow atom mapping between starting
materials and products but not between starting B
materials/products and any agents as agents are not ﬁ
part of the RXN file definition s
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Reaction representation

 Atom mapping
* Only identify those atoms that are kept during the reactions

 Rules for the atom identification
* Each atom is identified by

* its relationship to the layer 2 or 3 (as educt/product layers in RInChl)

 This relationship is defined by the position in front of or behind the separator “<>”
and does not need to be written explicitly.

» Its membership to its molecule (1 as first in the layer, 2 as second, ....)
* Its RInChl number

* Use a dash “-” as separator between each number
* In case of equivalent mappings list the InChl numbers of all equivalent positions

ordered ascending, separated by a comma “,” and terminated by brackets “(*“ , “)”
on the 3% layer.

* Use ““<>"to indicate the mapping (analog the separator between layer 2 and 3)
* Separate each string by a semicolon
* Order the strings alphabetically ascending
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Reaction representation

* Atom mapping

* Quinone example
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s
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The numbers in blue
represent the InChl

numbering
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1

2

Quinone reduction
RINChI=1.00.1S/C6H402/c7-5-1-2-
6(8)4-3-5/h1-4H<>C6H602/c7-5-1-2-
6(8)4-3-5/h1-4,7-8H/d+

Mapping for each atom

2-1-1 <> 3-1-1 2-1-5 <> 3-1-5
2-1-2 <> 3-1-2 2-1-6 <> 3-1-6
2-1-3 <> 3-1-3 2=-1-7 <> 3-1-7
2-1-4 <> 3-1-4

o

Skip the trailing 2 and 3 as they are defined by the reaction

separator “<>”

1-1 <> 1-1 1-5 <> 1-5
1-2 <> 1-2 1-6 <> 1-6
1-3 <> 1-3 1-7 <> 1-7
1-4 <> 1-4

MapAuxInfo=1.00.1/1-1<>1-1;1-2<>1-2;1-
3<>1-3;1-4<> 1-4;1-5<>1-5;1-6<>1-6;1-
7<>1-7
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Reaction representation

* Atom mapping Cope rearrangement
. RINChI=1.00.1S/C6H10/cl1-3-5-6-4-2/h3-
Cope rearrangement 4H,1-2,5-6H2<>C6H10/c1-3-5-6-4-2/h3-
2. 2. 4H,1-2,5-6H2/d+

T RINChI=1.00.1S/<><>C6H10/cl1-3-5-6-4-

M M 2/h3-4H,1-2,5-6H2

(original atom and bond mapping)

3
> Mapping for each atom
5 NS 1= 5
— 1-1 <> 1-5 1-4 -
s N 2 AN 3 1-2 <> 1-6 1-5 —
4 4 1-06

1-3 <> 1-3

VANVANEIVAN
vV V V
= o=
N

Based on InChl atom numbering

MapAuxInfo=1.00.1/1-1<>1-5;1-2<>1-6;1-
3<>1-3;1-4 <>1-4;1-5<>1-1;1-6<>1-2
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Make RInChl useable for Al
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Can ML/AI be Applied to Predict Reactions?

75, Greybowski et. al. Synthia (Chematica) aricle.pdf - Adobe Reader — e ——g - [=[E s
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* There has been a long history e
of software solutions aimed at
“in-silico” route-finding.

* These have until now been
regarded as predicting routes
which are not as good as the
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an ML/AI be Applied to Predict Reactions?

* With the (over-hyped?) success of Al in
many difficult problems, there is now
the expectation that such methods will
succeed where traditional methods

explicit chemistry rules) have not.

e Some initial results have been

reported, including methods which
equal or surpass chemists routes (in

AB tests).

* In addition, the ML/AI community

expects this to work!
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Newly planned additional information

* Mark failing reactions
* Currently discussed: direction layer /d! or an additional identifier

* Additional AUXInfo layers for statistical tools provided by
vendors/publishers

e Class codes by Infochem
 AuxClassCode=1.0/narrow code; medium code, broad code
* Under discussion: Transfom by Reaxys

* These AuxInfos can only be used if the vendor’s product is licensed
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Newly planned additional information
Processing Information in “ProcAuxInfo™

* A proposal has been made for a

“ProcAuxInfo’ layer in a paper by
authors from Cambridge University

* Available online (open access) at

https://jcheminf.springeropen.com/articl

711 Jacob, Lan, Goodman and Lapkin, A possible extension to the RInChI a5 a means of providing machine readable process data.pdf - Adobe Reader

file Edt View Window Hel
Be&w|
(@) Thefile you have opened c:

eeeeeeeee

p
ll2e®= BBl | com
plies with the PDI d and has been opened read-only to prevent modification.

es/10.1186/s13321-017-0210-6

* This is a rich format supporting

(amongst other things):

 Composition
* Processing Conditions
* Yields over time

* Together with sections of the MInChl
format this is the base for the newly
planned “ProcAuxInfo”
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Amount of group? fed | Amount of group3 fed |
Volume of reactor
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Deliverables, questions and remarks?

* Download (under open-source agreement)
 http://www.inchi-trust.org/downloads/

 Answers may be found in
* International chemical identifier for reactions (RInChl)

G. Grethe, G. Blanke, H. Kraut and ]J. M. Goodman J. Cheminformatics 2018, 10,22. DOI: 10.1186/s13321-018-0277-8

* Else send your questions and remarks to
* RInChl@StructurePendium.com
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Thanks

* InChl Trust, Cambridge

 JUPAC Division VIII and IUPAC’s Committee on Publications and
Cheminformatics Data Standards (CPCDS)

* RInChl working group
* David Nicolaides (Dassault Systemes, Cambridge, UK)

* Gerd Blanke (StructurePendium Technologies GmbH, Essen,
Germany)

 Gunter Grethe,

* Hans Kraut (InfoChem GmbH, Munich, Germany)
e Istvan Ori (ChemAxon Ltd, Budapest, Hungary)

* Jan Holst Jensen (BioChemFusion AsP, Denmark)

* Jonathan Goodman (University of Cambridge, UK)

 ChemAxon for the technical partnership and for this talk
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Backups
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Reaction representation

* Atom mapping
* Example Klick reaction

22.05.2019

Klick reaction

RInChI=1.00.1S/C2H2/cl1-2/h1-2H!CH3N3/cl1-3-

4-2/h1H3<>C3H5N3/cl-6-3-2-4-5-6/h2-

3H, 1H3/d+
fb% Mapping for each atom
S s * Note that both atoms of Acetylene are equivalent for

the mapping process and must be represented by using
the related bracket notation

w
N

<>

1 (3,2)
-2 <>

1_
1-(2,3)

A\Zm

o £
N\

=

D —
D —
D —

w N -

2-4

<>
<>
<>
<>

1-5

= e
o W B

MapAuxInfo=1.00.1/1-1<>1-(3,2);1-2<>1-
(2,3);2-1<>1-1;2-2<>1-4,;2-3<>1-6;2-

4<>1-5
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Reaction representation

* Discussed potential enhancements based on discussed InChl
improvements

e Positional isomers

* InChI=1S/C8H10/c1-7-3-5-8(2)6-4-7/h3-6H,1-2H3/pi-1,7(3,5)
* Markush structures (Variable structures)

R =H, Me, Ph, SPh, OSiMe3

R

e TnChI=1S/C6H6R/c7-6-4-2-1-3-5-6/h1-5,7TH/vs-£3,7H
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