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The main web sites for the IUPAC InChl project are:
http://www.iupac.org/inchi
and
http://www.inchi-trust.org 4/9/2019

Slides are available at http://www.hellers.com/steve/ICSDV-4-19.pdf
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The InChl Timeline

1999/2000
Steve Heller and Steve Stein initiate

InChl project at the request of IUPAC 2005

Launch of InChl

2008

A fixed length (27 character) 2009

condensed digital representation Formation of aTrust for a strategic
of the InChl called the InChlKey vision and funding for the InChl
was developed project

2017

Latestversion of InChl software
was released along with InChl
for reacti
SUEac B> And still more to come...
The InChl project is ongoing; not all of
chemistry is yet covered by the software.

The vast majority of organic compounds
can be encoded into InChls, but many
inorganic and organometallic compounds
are still work in progress.
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INChl Project Goal

To create a free, nonproprietary identifier
for chemical substances that can be
used in printed and electronic data
sources, thus enabling easier linking
and finding of data compilations
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Why InChl? - Too Many Good and Excellent
| denti1 fi1 ers (NnNStand

Structure diagrams
- various conventions
-contain 6too mucho I nformati on

Connection Tables/Notations
- Mol Fil es, SDF, SMI LES, SLN, ROS

Pronounceable names (and mostly unpronounceable) and mostly complex names
- IUPAC, CAS 8™ Cl name, CAS 9" Cl name, trivial, trade, WHO INN, ASK, ISO

(Dumb) Index Numbers
EINECS, ELINCS, FEMA, DOT, RTECS, CAS, Beilstein, USP, RTECS, EEC, RCRA, NCI, UN,
USAN, EC, ChemSpider ID, REACH, PubChem CID, BAN, NSC, ASK, KEGG, BP, IND,
MARTINDALE, MESH, IT IS, RX-CUI, NDF-RT, ATC, AHPA, USP/NF, UNII, MFCD#, and so on
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InChl is essential...

as the only structure representation standard in
the public domain, open-source and freely available
to the scientific community

A Anybody anywhere should be able to produce InChl from just the structural
formula of a chemical substance

A Normalization to make structures of the same compound drawn under
(reasonably) different styles and conventions close if not identical, which is
essential for generating the same InChl

A Canonicalization of chemical structure upon generating InChl ensures strict
unigueness of the identifier.

A The layered structure allows targeting for specific applications (e.g., adding
the ability to distinguish tautomers)
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INChl layered structure design

The current InChl layers are:

1. Formula
2. Connectivity (no formal bond orders)
a. disconnected metals
b. connected metals
3. Isotopes
4. Stereochemistry
a. double bond (Z/E)
b. tetrahedral (sp3)
5. Tautomers (on or off)

Charges are added to end of the string

The InChl Algorithm normalizes chemical representation and includes a
Astandardizedo I nChl, and the d6dhashedd form

InChlITRUST
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o CH,
HsGe s N
P,
07 N
¢Hs

InChl=1S/C8H10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H.1-3H3 (caffeine)

character indicating the number of protons
(‘N’ means neutral)

InChiKev=RYYVLZVUVIJVGH-UHFFFAOYSA-N /

\ flag character for InChl version:
‘A’ for version 1

flag character ('S’) indicates
Encodes molecular skeleton Second block (8 letters) standard InChiKey (produced out
(connectivity)

First block (14 letters)

Encodes stereochemistry and isotopes ©f standard InChl)

InChl TRUST
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INChlKey can be a ‘secret’

INChl=15/C6H1206/c7-1-2-3(8)4(9)5(10)6(11)12-
2/h2-11H,1H2/t2-,3-,4+,5,6+/m1/s1

iR

WQLGKKKIJIJFFOK-DVKNGEFBSA-N

There is no chemical information in an InChlKey ... if you do not
know the InChl, you cannot convert the InChlKey back into a

chemical structure
Slide from Ewvan Bolton/MIH/PubChem
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NStandards are |
| everyone has one but no one
wants t o use son

Phil Bourne,
Former Associate Director for Data Science (Big Data), NIH
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Why has it worked?

Need
Definition/Specification
Timing/Infrastructure
Acceptance/Use

And a fifth requirement for a standard. First rate staff to
create, define, program, and deliver
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INChl Trust formed May 2009

Mission
To deliver and support the implementation of the internationally agreed and
widely adopted standard machine-readable chemical identifier, the IUPAC
InChl, that enables global connections in chemistry for the advancement of
science for the public benefit

Vision
We will have a strong community of InChl advocates and users

We will provide a sustainable organizational framework and the required
financial support for the future of the InChl standard

InChl TRUST
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Three strategic pillars

Global adoption and
use

Increasing
engagement with the
chemistry community

for the benefit of
science and business

e
s

Maintenance &
extension of the InChl
and applications

To facilitate rapid and
effective research
discovery and business
iInnovation

Governance

To provide an
organizational
framework that
ensures the
sustainability of
the standard
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Governance
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-
- |
What
And where should we
are we now? : \, do?
| Where are we |
going? ‘\ R
e o - aliEE
@
| & Do we widen the
What can / LS | coverage, to new
we do? areas (and areas
| How far? well outside
/ Extension vs traditional
T — | application? chemistry)?
— "
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Extension

Organometallics
More Complete Tautomerism
Inorganics
Positional isomers
Polymers
Large molecules
Markush

InNChITRUST




INnChl for polymers

A Since v. 1.05, InChl supports regular single-strand polymers.
A Both structure-based and source-based representation and
encoding of polymers are supported
A Support of polymers is an experimental feature. To emphasize this,
INChl/InChlIKeyf or a pol ymer uses the 0BG
il nstead of 0S06 oistandadddnChlor st andar
A This flag will be replaced by common standard/non-standard
conventions if and when InChl for polymers is finally adopted.
APolymer (6/z6) |l ayer is a modific
ARaboveo the other | ayers and does
A Source-based representation of polymers is based on the chemical
structures of the starting material(s) with a special indication that the
structure represents a polymer.
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Examples

INChl for styrene-butadiene block copolymer, source-
based representation:
INChIl=1B/C8H8.C4H6/c1-2-8-6-4-3-5-7-8;1-3-4-2/h2-
7H,1H2;3-4H,1-2H2/2200-9-12;200-1-8;330-1-12
INChiIKey=MTAZNLWOLGHBHU-ZNVYRHKRBA-N 54

InChl for polycaprolactam, structure-based
representation:
INChI=1B/C6H1002/c7-6-4-2-1-3-5-8-6/h1-5H2/2101-1-
8(1,2,1,3,2,4,3,5,4,6,5,8,6,8)
INnChlKey=PAPBSGBWRJIAAV-CMRMDLKMBA-N
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Application

Reactions
Mixtures
INChl Resolver
QR codes for InChl
INnChl open educational resources

InNChITRUST
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Reactions - RInChl

First release implemented in Biovia software packages Draw, Direct and Pipeline

Pilot. Used in Beilstein supplementary data
Planned enhancements
Additional input & output formats (currently restricted to RXN/RD
file format)
Address failing reactions
Workarounds for stereochemistry and tautomer restrictions
Reaction mapping (MapAuxinfo)
Address needs for big data analysis methods
Reaction properties (ProcAuxinfo)
Class code layer for reaction similarity clustering and pathway optimization,
Transform layer for pathway optimization, Reaxys tool

O Hz230, o
- — :

MOH HO™ ™~ =—— /‘\/’LL‘\(;./% + H.O
RINChI=1L0015/C2H&60/c1-2-2/h3H,2H2 IH3ICAHBO 2/c1-2-3-4(5)6,/h2-ZH2 1H3.(H.5.8) [reactants]
<=CEHI202/c1-3-5-6(7)18-4-2,/h3-5H2,1-2ZH3H20,/h1H2 [products]
<>H2045/c1-5(2.3)4,/ hi{H21,2,3,4)/d= [reagent]
Web-RINnChiKey=UTLWRJISGEVLTKYLGZ-NMUHFFFADPSCTJSA

bowve reaction. (fm

Reaction inChi (RIinCAHI) string for ¢ by G. Blanke, "Reaction InChIL.” IinChH!
A

a e
Workshoo at NiH, Bethe gust 2077

A
Q
4T
3
0
G
@ 3
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Mixtures - MInChl

Phase 1 includes a provisional spec of the notation, a pilot | j/l\r\(
implementation and test case, and description of several Lithium diisopropylamide

1 moel/L
target use cases.

O

The MInChl specification has been implemented as a proof ”<—7

of concept in a Mixture Editor tool currently in development e
by Collaborative Drug Discovery. This system is designed to i /“{“v
parse composition descriptions of mixed substances in a 50- 70 %
number of forms, including information about components, -
concentration and mixture hierarchy. é
https://github.com/cdd/mixtures - i
meth;fé;:rci&ap:ﬁntam
The next phase of the project will be to transliterate the | hexanes |
codebase to C++ and incorporate it into the RInChl project. | | _\‘/\/
This will become the reference implementation version 1.0. 2-methylpentane

InChl TRUST \)\/

1-5%

‘-| other isomers


https://github.com/cdd/mixtures

QR Codes

InChl QR Code: Standard Form

[database]/[typel/[identifier]

[Source URL]/InChiKey/[Key]

IUPAC-InChl

1. Institution incorporates into local app
2. Vendor generated and linked to their database

3. Public version (QRINnChl.org for re-direction e.g.

to info.identifiers.org)
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How standard?

We have the standard InChl & InChlKey
We have multiple experimental and optional flags
People use InChl in ways that were not intended, and to

experiment. To what extent should we actively encourage
this? Is it an identifier or a representation?
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How to support a standard?

No written standard
Software is the implementation
Centralised expert resource

How should we encourage the best open source practices?
Community input and contributions while maintaining a standard

Governance and funding
Participation through time and money

InNChITRUST




Education and support

This OER initiative, IUPAC project 2018-012-3-024, is being created to provide
a resource on InChl related resources to assist practicing scientists and
educators in learning about and benefiting from the use of InChl.

https://www.inchi-trust.org/oer/

InNChITRUST
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https://www.inchi-trust.org/oer/

Rolling workshops

Mar 2017 7 EBI Hinxton
Aug 20177 NIH Bethesda

Aug 2018 1T Boston MA

Feb 201917 Cambridge UK
Aug 20191 San Diego CA

InNChITRUST
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AUG
23

InChl Symposium

by InChl Trust / IUPAC

Free

State and Future of the IUPAC InChl
23-24 August 2019
San Diego / ACS National Meeting

Signup: www.inchi-trust.org

InNChITRUST
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Be part of the InChI community...

Help build the chemical web and
encourage others to do the same!

Explore more than 90 000 000 d;’s(:;i:sts?:n

chemical compounds with an InChl here:
pubchem.ncbi.nim.nih.gov HERE

Explore more than 156 000000

chemical structures here:
ebi.ac.uk/unichem

InNChITRUST
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Learn more here

Videos by the InChlITrust:
inchi-trust.org

InChl Collection in J Cheminf:
biomedcentral.com/collections/InChl

Many InChls and quite some feat
by Wendy A.Warr:
link.springer.com/article/10.1007%2Fs10822-015-9854-3
(or https://rdcu.be/MOkk)

Google tech:
youtube.com/watch?v=mpZj4b9elYE

IUPAC page on InChl:
iupac.org/who-we-are/divisions/division-details/inch

InChITRUST
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"Better a diamond with a flaw

than a pebble wid

d Confuclus

- A
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