Standardized programmatic
access to chemical information
(Protocol Services)

WorldFAIR Chemistry
Evan Bolton, Ph.D.

ACS National Meeting, 27 March 2023



https://acs.digitellinc.com/acs/live/29/page/940/1?eventSearchInput=&eventSearchDateTimeStart=3/27/2023+12:00+AM&eventSearchDateTimeEnd=&eventSearchTrack%5B%5D=83#sessionCollapse496610
https://acs.digitellinc.com/acs/live/29/page/940/1?eventSearchInput=&eventSearchDateTimeStart=3/27/2023+12:00+AM&eventSearchDateTimeEnd=&eventSearchTrack%5B%5D=83#sessionCollapse496610

P A c ADVANCING CHEMISTRY WORLDWIDE

What are protocol services? o

Vet

The IUPAC FAIR Chemistry Protocols are intended to support the brogizig
community in adoption of standards for programmatic exchange of

chemical data.
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Protocol Services Aims

® Common schema: Define a common interface for chemistry /
websites resolving different chemical representations.

® Shared data model: The specification articulates shared data < j
model for information exchange through an APl that can be

implemented by any system that manages chemical records.

®* Help find data: Users will query registered resources with
different scopes and capabilities at a general level to determine
where they can find additional data and information.

® Interprets chemical representations: The model will cover a
range of chemical representations, including structural diagrams,
nomenclature and other linear notations.

® Standard responses: The protocol will provide a standard set of
error codes for flagging ambiguous or conflicting representations. e

https://cdn-icons-png.flaticon.com/512/4185/4185501.png
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Why protocol services?

Reduce barriers to access chemical
information

Standard schema for chemistry services

v‘.

Simplicity of same web-based API for
chemistry websites T

II)

Potential to use “all” (participating)

chemistry websites

User Meta Common Local
Resolver API Resolvers
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I U PAC FAI R P rOtOCO| Se rvices https://iupac.github.io/WFChemProtocols/about.html
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&, About this project
’V@"\g

This website is the product of the WorldFAIR D3.3 project, one of three

WorldFAIR deliverables under the Chemistry case study developed by the IUPAC
IUPAC FAIR Chemistry Committee on Publications and Cheminformatics Data Standards (CPCDS for
Protocol Services the WorldFAIR initiative (see below). The IUPAC FAIR Chemistry Protocols are

intended to support the broader community in adoption of standards for
Q Séarchithis bosk... programmatic exchange of chemical data. The site is designed to be a living
resource through the addition of new content as strategies for implementing
FAIR evolve and the sharing and reuse of FAIR chemical data continues to

Chemical Data Exchange Protocols increase.

COMMUNITY PROJECT
Scope & Objectives

WorldFAIR D3.3 Objective

Representing chemical substances in structure form is one of the most critical

Demo Prototype - we need your input!

GLOBAL CHEMICAL RESOLVER

functions in communicating chemistry, including sharing FAIR and machine-
Resolver Scope 5 : 2
readable chemical data, as many resources are indexed by chemical

Resolver Architecture Concept

structures. There are a range of approaches for articulating chemical

Resolver Implementations . . . Hicene
B substance information, depending on the scientific nature and context, and

CHEMICAL STRUCTURE VALIDATOR the digital motifs used in chemical databases and chemicals software, present

i _— additional layers of complexity. Chemical interpretation can vary between
Validator Motivation and Goal

: data systems and directly impact downstream reuse, especially when it comes
Validator Prototype and Examples

to representation and analysis of associated data. Validation of chemical
Sample Web Application

description is an essential requirement for the re-usability of chemical data, .

REFERENCES including discovery and in many modeling and predictive Al/ML applications. httDS//QlthUb Com/| U PAC/WFChemPrOtOCO|

About this project
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I U PAC FAI R P rOtOCO| Se rViceS httos://iuoac.github.io/WFChemProt:c;:s"/a?gut.ht.ml
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IUPAC WorldFair Chemistry Protocol

o LeahRaeMcEwen Update demo.md 216bad6 3 weeks ago @ 46 commits Services
B book Update demo.md 3 weeks ago & iupac.github.io/WFChemProtocols/
[ ChemicalStructureValidator_... Add files via upload 2 months ago [ Readme
Yy Ostars
[ ChemicalStructureValidator_... Add files via upload 2 months ago
® 4 watching
[} GlobalChemicalResolver_co.. ~ Some format tweaks last month % 0 forks
[ GlobalChemicalResolver_co..  Some format tweaks last month
(3 READMEmd Update README.md last month Releases
No releases published
:= README.md

WorldFAIR Chemistry: Protocol Services Packages

No packages published

. .
Naccrintian

https://github.com/IUPAC/WFChemProtocols
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. . https://iupac.qgithub.io/\WFChemProtocols/about.html
Introducing Protocol Services e
. Sk !::32 " §.:§"§

Two exemplar services: G ST

, e

Chemical Structure Validator — Takes input of a chemical
structure, interprets the structure, determines if the
structure is valid, and returns a message to the user.

Global Chemical Resolver — Takes input of a chemical
structure, interprets the structure, checks if the structure
is found, and returns a message to the user.

https://github.com/IlUPAC/WEChemProtocols
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Chemical Structure Validator

Why target these two services? |Gibal chomical Resolver

Many chemistry data
providers, chemistry
toolkits, chemical drawing  Dotmatics
packages, chemistry

application providers [ g
PerkinElmer | Informatics

Pub(Chem

CompTox Chemicals Dashboard

SCILIGENCE

Each has its own way of
chemical structure

Open-Sourc Ch emin form

(/:1’7 pislidalpinion Chemspider
handling \—o...:/
Improve machine \e5 Lens M @O RUGBANK

understanding of chemical openmolecules.org Reaxys
information

Open new opportunities for
cross-science data access CAS

Examples of chemistry-oriented resources. Not an endorsement.
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Example protocols implementation on PubChem
Schema available (XML): JSON allowed options (JSON):

https://[pubchem.ncbi.nim.nih.gov/resolver/resolver data.xsd https://pubchem.ncbi.nim.nih.qgov/resolver/resolver.cqi

—<xs:element name="Fault">
—<xs:complexType>
—<xs:sequence> {
<xs:element name="Code" type="xs:string"/> "Result™: {
<xs:element name="Message" type="xs:string"/> "ServiceDetails™: [
<xs:element name="Details" type="xs:string" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence> "Resource”: "PubChem",
</xs:complexType> "ResourceURL": "https://pubchem.ncbi.nlm.nih.gov",
</xs:element> "ResolverURL": "https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi”,
—=xs:element name="Result"> "AvailableInputs™: {
. "SDF": true,
Currently, using XML
! Jeccurs="0" maxOccurs="unbounded"/> "InChI": true,

schema but intend to e
"Name": true

use JSON schema . "
AxallableOuE?uts s §

approaches IUPACName™: true,

type="xs:string"/> "SMILES™: true,
<xs:element name= KesourceURL" type="xs:string"/> "InChI": true,
<xs:element name="Resourceldentifier" type="xs:string"/> "InChIKey": true,
<xs:element name="ResourceldentifierType" type="xs:string" minOccurs="0"/> "Resourceldentifier”: true,
<xs:element name="URL" type="xs:string" minOccurs="0"/> "RecordURL": true,
<xs:element name="TUPACName" type="xs:string" minOccurs="0"/> "ImageURL": true
<xs:element name="SMILES" type="xs:string” minOccurs="0"/> ¥
<xs:element name="InChl" type="xs:string" minOccurs="0"/> ¥
<xs:element name="InChIKey" type="xs:string” minOccurs="0"/> ]
</Xs:sequence> ¥
</xs:complexType> ¥
</xs:element>
</xs:schema>



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver_data.xsd
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi
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(Global) Chemical Resolver in action

Takes input of a chemical structure, interprets the structure, checks if the
structure is found, returns a message to the user

. {
Example Chemical Resolver U resuie: «
"Match":
(different representations of butane u & S “PubChen”
. . "ResourceURL": "https://pubchem.ncbi.nlm.nih.gov",
Yellow i https://pubchem.ncbi.nlm.nih.gov/resolver/res "Resourceldentifier”: "7843",
el = "ResourceldentifierType”: "CID",
constant https://pubchem.ncbi.nlm.nih.gov/resolver/res "RecordURL": "https://pubchem.ncbi.nlm.nih.gov/compound/7843",
and "ImageURL": "https://pubchem.ncbi.nlm.nih.gov/image/imgsrv.fcgi?t=1&cid=7843",
specific  https://pubchem.ncbi.nlm.nih.gov/resolver/res "IUPACName": “butane”,
"SMILES™: "CCCCT,
toeach  hh.//pubchem.ncbi.nlm.nih.gov/resolver/res "InChI": "InChI=1S/CAH1@/c1-3-4-2/h3-4H2,1-2H3",
resource InChIKey": "IJDNQMDRQITEOD-UHFFFAOYSA-N
¥
(note that the full InChl is URL-encode } ]
¥
EaCh Ofthese URLS prOduceS the Same J‘.JUI\I UULPUL' ITTVUITI UIIICICIILIC'JIC.)CIILCH.IUII.) Ul LITC |||PUL

structure of butane (SMILES, name, InChlKey, InChl, respectively)

Not found example: https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?smiles=CNOS



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?name=butane
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?inchikey=IJDNQMDRQITEOD-UHFFFAOYSA-N
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?inchi=InChI%3D1S%2FC4H10%2Fc1-3-4-2%2Fh3-4H2%2C1-2H3
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?smiles=CNOS

1 U F
(Global) Chemical Resolver in action

Takes input of a chemical structure, interprets the structure, checks if the
structure is found, returns a message to the user

Example Chemical Resolver URLs:

(different representations of butane using SMILES, name, InChlKey, InChl, respectively)

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?smiles=CCCC

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?name=butane
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?inchikey=lJ]DNQMDRQITEOD-UHFFFAOQYSA-N
https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?inchi=InCh1%3D15%2FC4H10%2Fc1-3-4-2%2Fh3-4H2%2C1-2H3

(note that the full InChl is URL-encoded because it contains special characters) {

Each of these URLs produces the same JSON output, from different representatio "Result”: {
structure of butane (SMILES, name, InChlKey, InChl, respectively) }

Not found example: https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?smiles=CNOS }



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?name=butane
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?inchikey=IJDNQMDRQITEOD-UHFFFAOYSA-N
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?inchi=InChI%3D1S%2FC4H10%2Fc1-3-4-2%2Fh3-4H2%2C1-2H3
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?smiles=CNOS
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Chemical structure validator in action

Takes input of a chemical structure, interprets the structure, checks if the
structure is valid, returns a message to the user

Example Chemical Structure Validator URLs:

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CCCC

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/[C@H]1[C@H](01)C

Invalid carbon valence:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CC(C)(C)(C)C

Invalid isotope:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=C%5b5H%5d

Output an image:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&format=png&smiles=C%5bC@H%5d(CCC
C(C)C)%5bC@H%5d1CC%5bC@ @H%5d2%5bC@ @%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@ @ %5d3(CC%5bC@ @
H%5d(C4)0)C)C



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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{

Chemical structure validator in actii = o e

"Statistics": [

{
. . . "Type": "DefinedAtomStereo™,

Takes input of a chemical structure, interprets the stri v e
structure is valid, returns a message to the user L e —

"Value”: "0"
Example Chemical Structure Validator URLs: >
"Type": "DefinedBondStereo™,
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smile " "Value™: "@"
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smile LA , 3
Type": "UndefinedBondStereo",

Invalid carbon valence: ) e o

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smile { L m—s
L "Value": "4"

Invalid isotope: ¥

https://pubchem.ncbi.nIlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smile ¢ "Type": "IsotopeAtoms",
"Value": "@"

Output an image: %
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&formd “Type": “"CovalentUnits”,
C(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@ @%5d1(CC%5bC@H%5d3%5bC@H%5d2 gy EERE
H%5d(C4)0)C)C ]

h



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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Chemical structure validator in actio ‘...
"Message": "Structure is valid”,
mStatistics™: [
{
H . . "Type": "DefinedAtomS =
Takes input of a chemical structure, interprets the struc RARIE b
o [ ] }J
structure is valid, returns a message to the user { |
"Type": "UndefinedAtomStereo”,
) ) "Value": "@"

Example Chemical Structure Validator URLs: b
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C :\T,ﬁﬁ;-:-:"?ifinedsondsmreo"’
https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C %’

"Type": "UndefinedBondStereo”,

Invalid carbon valence: "Value": "@"

¥
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C {
"Type": "HeavyAtoms",

Invalid isotope: ) “Value™: "7"
https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C { s .

ype": "IsotopeAtoms",
: _ "Value": "@"

Output an image: },
https://pubchem.ncbi.nIm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=p { “Type”: "CovalentUnits”,
C(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@ @%5d1(CCH5bC@H%5d3%5bC@H%5d2CCS "Value": "1"
H%5d(C4)0)C)C ] }

¥
¥



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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Chemical structure validator in action

Takes input of a chemical structure, interprets the structure, checks if the
structure is valid, returns a message to the user

Example Chemical Structure Validator URLs:

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CCCC

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/[C@H]1[C@H](01)C

Invalid carbon valence:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CC(C)(C)(C)C

Invalid isotope:

1

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?act| "Fault": {
"Code": "Invalid",

"Message”: "Structure is not valid",
"Details™: [

) : : o} "Record @: Warning: \"pcData/pubchem_valence.cpp\”, line 290: Detected
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?act i¥0gai vallence! for element T°E\Es E sipms honlss B 0¥ boaliss O change®s

C(C)C)%SbC@H%5d1CC%5bC@@H%5dg%5bC@@%5d1(CC "Exception: Valence validation failed”

H%5d(C4)0)C)C . ]

¥

Output an image:



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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Chemical structure validator in action

Takes input of a chemical structure, interprets the structure, checks if the
structure is valid, returns a message to the user

Example Chemical Structure Validator URLs:
{

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cg] "Fault”: {
"Code": "Invalid",

https://pubchem.ncbi.nIm.nih.gov/resolver/resolver.cg :geis‘?ie:: '['St"“““"e Hepotyval il ;

etails":

"Record @: Info: \"OpenEye/pubchem_compound.cpp\”, line 3121: Atom ID \"2\"
has illegal isotope (5) for atomic number 1 (\"H\")",
"Exception: Element validation failed”

Invalid carbon valence:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.ce ]
b

Invalid isotope: }

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=C%5b5H%5d

Output an image:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&format=png&smiles=C%5bC@H%5d(CCC
C(C)C)%5bC@H%5d1CC%5bC@ @H%5d2%5bC@ @%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@ @ %5d3(CC%5bC@ @

H%5d(C4)0)C)C



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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Chemical structure validator in action

ADVANCING CHEMISTRY WORLDWIDE

Takes input of a chemical structure, interprets the structure, checks if the

structure is valid, returns a message to the user
Example Chemical Structure Validator URLs:

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CCCC

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/[C@H]1[C@H](01)C

Invalid carbon valence:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=CC(C)(C

Invalid isotope:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate structure&smiles=C%5b5}

Output an image:

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&sr

Hes=L7%o5DL @WH7%>od({LLL

C(C)C)%5bC@H%5d1CC%5bC@ @H%5d2%5bC@ @%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@ @%5d3(CC%5bC@ @

H%5d(C4)0)C)C



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CCCC
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C/C=C/%5bC@H%5d1%5bC@H%5d(O1)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=CC(C)(C)(C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&smiles=C%5b5H%5d
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=validate_structure&format=png&smiles=C%5bC@H%5d(CCCC(C)C)%5bC@H%5d1CC%5bC@@H%5d2%5bC@@%5d1(CC%5bC@H%5d3%5bC@H%5d2CC=C4%5bC@@%5d3(CC%5bC@@H%5d(C4)O)C)C
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Interactive interface available:

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cqi?action=input form

Example protocols implementation on PubChem

Structure Validator

Input

® |ccce

0|

O | Browse... | No file selected.

Toolkit

Submit Job

| Start with SMILES

’ Start with InChl

Start with a MOL/SDF file

PubChem
RDKit

Get back JSON data

Get back an image

Submit this job to the validation service

ADVANCING CHEMISTRY WORLDWIDE

. o
...........
"

o2

i

=)



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form
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Example protocols implementation on PubChem

Interactive interface available:

https://pubchem.ncbi.nim.nih.gov/resolver/resolver.cqi?action=input form

Structure Validator

Input

® |cccc

| Start with SMILES

O ‘

‘ Start with InChl

O |Browse... | No file selected.

Toolkit
@

Output
O

®

Submit Job

Start with a MOL/SDF file

PubChem
RDKit

Get back JSON data

Get back an image

Submit this job to the validation service

=)
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https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form
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Protocol Services Stakeholders p——

The goal is to support the following stakeholders and functions:

N

https://iupac.qgithub.io/WFChemProtocols/about.html

s esr e e e 0
oooooo
oooooooooooo

Scientific database providers that support chemical data: O
organizations that would implement and provide these web services
to the public.

Scientific application and web service developers: people writing

applications that would directly use the web services described
here.

Chemists and other scientists: end users, who would be accessing
these web services indirectly, through a chemical drawing program N
or ELN notebook or such. et AP AT

Chemical toolkit developers: people writing chemical toolkits that
could be used to implement the web services described here. AL

sae oo
S0 SN0 00 4 900 98000008 o
. e _see oo
e ae & o o o DR 2T
. e os

https://github.com/IlUPAC/WEChemProtocols



https://iupac.github.io/WFChemProtocols/about.html
https://github.com/IUPAC/WFChemProtocols
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https://iupac.qgithub.io/WFChemProtocols/about.html

Timeline for Protocol Services S ———

s esr e e e 0
oooooo
oooooooooooo

White paper(s) created “{*?

oooooooo
ooooooooo
.

Github and “.i0o” websites are setup B

Demonstration implementation available

Expanding involvement to key stakeholders

https://github.com/IUPAC/WFChemProtocols

ve
ooooooooooo
ooooo

Next major milestone: Oct. 2023 e

Deliver an MVP (“minimum viable product”) for: iy

o & sas ae SRXERR I
S S SN0 88 4 900 4500008 o
. e eve
- DR
o 08 _eese
esa » on

Chemical Structure Validator and Global Chemical Resol&;r



https://iupac.github.io/WFChemProtocols/about.html
https://github.com/IUPAC/WFChemProtocols
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What is needed for Protocol Services?

« Expand community involvement:
Scientific database providers that support chemical data
Scientific application and web service developers
Chemists and other scientists
Chemical toolkit developers

Develop a standard set of chemical structure error messages

Develop Global Chemical Resolver “Meta Resolver” protocol
Migrate XML schema to JSON schema
Agree on protocol service parameters and functionality
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How to get involved with Protocol Services?

Try out the demo:

Dbt O

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form i,*ggzg‘":u u’ ";Zi;‘su
PR N S

Provide some feedback: @.:-:-.“@ O

L "» 2
g2

.on

. n

https://forms.gle/6msJrfj4gAJTUYEL9 f‘ & £ f#ffiﬁift*z;’

GitHub site Discussions (and Issue tracker): &
https://github.com/IUPAC/WFChemProtocols/discussions f*? :



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form
https://forms.gle/6m5Jrfj4gAJTuYEL9
https://github.com/IUPAC/WFChemProtocols/discussions
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.‘"‘ Standardized Programmatic Access to Chemical Information (Protocol Service)
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."" Standardized Programmatic Access to Chemical Information (Protocol Service)
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How to get involved with Protocol Services?

Try out the demo:

Dbt O

https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form i,*ggzg‘":u u’ ";Zi;‘su
PR N S

Provide some feedback: @.:-:-.“@ O

L "» 2
g2

.on

. n

https://forms.gle/6msJrfj4gAJTUYEL9 f‘ & £ f#ffiﬁift*z;’

GitHub site Discussions (and Issue tracker): &
https://github.com/IUPAC/WFChemProtocols/discussions f*? :



https://pubchem.ncbi.nlm.nih.gov/resolver/resolver.cgi?action=input_form
https://forms.gle/6m5Jrfj4gAJTuYEL9
https://github.com/IUPAC/WFChemProtocols/discussions

