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Motivation
Many tools and techniques exist for retrieving  chemical 
information from databases 

Three fundamental operations for a chemical structure: 
• Exact (is a)  
• Substructure/Superstructure (has a) 
• Similarity (like a) 

Humans are lazy and terse text descriptions are quick to enter: 
• Chemical Name (e.g. abilify, 7H-purin-8-one) 
• Chemical Identifier (e.g. 129722-12-9,  CHEMBL1112) 
• SMILES/SMARTS (e.g. O=C1CCc2ccc(OCCCCN3CCN(c4cccc(Cl)c4Cl)CC3)cc2N1)
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Motivation
PubChem’s awesome query box:

https://pubchem.ncbi.nlm.nih.gov/
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MotivatioN
PubChem’s awesome query box:
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Motivation: Pistachio OMNIBOX

https://www.nextmovesoftware.com/pistachio.html



RSC CICAG Chemical Structure Representations Meeting, 
8th April 2026, Burlington House, London, UK

Motivation: disambiguation

Some customers comment: 
“must be using ChatGPT or similar large  
language model” 

Pistachio is a rule-based 
semantic search, no free text 

Input Text 
   Find Entities / Disambiguate 
       Generate Query 
         



No one gets PAID for a 
404 Not FOUND
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Advanced query handling
The trouble with allowing users to type anything is they will 
type anything:
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Advanced query handling
The trouble with allowing users to type anything is they will 
type anything: 

– zinc compounds 

– boronic acids 

– alkanes 

– heterocycles 

– inorganic acids 

– solvents 

All these queries refer to the chemical structure yet they are 
fuzzy and non-exact.
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ChEBI ONTOLOGY
ChEBI has it’s entries classified into an ontology

https://www.ebi.ac.uk/chebi/ 

https://www.ebi.ac.uk/chebi/
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https://www.ebi.ac.uk/chembl/ 

https://www.ebi.ac.uk/chembl/
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markush QUERY complications
ChEMBL / ChEBI / SureChEMBL did used to support generic 
(Markush) queries 

Either no one told them…  
… or no one knew? 
… or no one used it? 

SciFinder (STNExpress) / Reaxys offer training to make sure you 
do it properly 
Should the human adapt to the computer or the computer to 
the human?
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ontogrep

• nitrogen containing heterocycles 
• cationic ring systems 
• cyclic alkanes 
• branched acyclic alkanes 
• transuranic elements 
• zinc compounds 
• binary compounds 
• Lewis acids 
• atropisomers 
• polyspiro ring systems 
• polyatomic elements 
• inorganic salts

• radioactive compounds 
• radioactive elements 
• monocyclic ring systems 
• neutral compounds 
• uncharged compounds 
• zwitterionic compounds 
• carbon containing inorganics 
• zinc oxides 
• metal chlorides 
• iron halides 
• inorganic salts 
… and many more

NextMove Software’s OntoGrep technology 
demonstrator allows handling of selected generic queries
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ontogrep limitations

Bayer patent for Vardenafil 
(Levitra) 

“2-phenyl substituted 
imidazotriazinones” 

“phosphodiesterase 
inhibitors”
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“I see generic chemical names”… 
…“they don't know they're generic”

trinitrotoluene (OPSIN default example) 

2-phenyl imidazotriazinones (US6362178B1 - Bayer) 

triazolopyridine (WO2017221092A1 - Novartis) 

quinolinyltriazole (CCNM - 12 November 2025) 

halogen-substituted pyrazolone (Eugene Markush 1923) 

diazotized unsulphonated material (Eugene Markush 
1923)  

1,2-dihydro-2-(para-substituted aryl/heteroaryl)-(5 or 6)-
(aryl/heteroaryl)-3H-indazol-3-ones  (US2007129374) 

trifluoroisopropyl (Enamine MedChem Highlights March 
2026) 

bisazolepyridines (https://doi.org/10.1107/
S2056989025010977)
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“The” Markush

1. The process for the manufacture of dyes which 
comprises coupling with a halogen-substituted 
pyrazolone, a diazotized unsulphonated material 
selected from the group consisting of aniline, 
homologues of aniline and halogen substitution 
products of aniline.

Markush structures today – typically think of a core structure diagram with 
different types variation 

The original Patent from which the name is coined doesn’t contain a single 
structure diagram!

Eugene Markush (US1506316A)

https://en.wikipedia.org/wiki/Markush_structure



OPGIN
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OPSIN AMBIGUITY HANDLING

OPSIN: Open Parser for Systematic IUPAC Nomenclature 

 - ambiguity detection

ebi.ac.uk/opsin
Daniel Lowe. Extraction of chemical structures and reactions from the literature. 

https://doi.org/10.17863/CAM.16293 

http://www.ebi.ac.uk/opsin
https://doi.org/10.17863/CAM.16293
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OPGIN

OPGIN: Owesome Parser for Generic IUPAC Nomenclature adds 
the option to interpret ambiguous names as “Markush” structures
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Capturing generic features
Capturing generic features is possible in multiple file formats: 
• CTfile (RGfile/MOLfile) 

• ChemAxon SMILES/SMARTS Extensions (CXSMILES/CXSMARTS) 

• ChemDraw CDX/CDXML 

• …VarInChI? 

We do not have/need coordinates - CXSMILES/CXSMARTS is the 
natural choice: 

• Toolkit support: ChemAxon, RDKit, CDK, EPAM Indigo



RSC CICAG Chemical Structure Representations Meeting, 
8th April 2026, Burlington House, London, UK

structural variation
The 4 types of generic structure variation

Positional Substituent

HomologyFrequency

aka Alternative Group
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structural variation
Example names

chloropyridine 2-(chloro/methoxy/cyano/isocyano)-pyridine

heteroaryl chloride???
amino(poly(methyl))carboxylic acid?
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Introduction to CXSMILES
CXSMILES/CXSMART

n1ccccc1.*Cl |m:6:0.1.2.3.4.5| *c1ncccc1 |$R1_p$,RG:_R1={Cl},{OC},{N#C},{C#N}|
Positional Substituent

Homology
*Cl |$heteroaryl_p$|NCC(=O)O |LN:1:1.3|

Frequency

CXSMILES encodings and depictions using CDK Depict
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OPGIN basic examples
Unlocanted prefixes/suffixes handled by positional variation

(chlorophenyl)pyridine

imidazolyl(chlorophenyl)pyridine

imidazol-2-yl(chlorophenyl)pyridine

pyridone

trinitrotoluene

Not possible in RGfile!
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OPGIN: Hantzsch-Widman
Hantzsch-Widman is a nomenclature for naming heterocyclic 
parents, these are currently handled by enumeration

triazine diazole

azoxaine azaindole
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OPGIN: Hantzsch-Widman
Hantzsch-Widman is a nomenclature for naming heterocyclic 
parents, these are currently handled by enumeration

1,2,3-triazine 1,2,4-triazine 1,2,5-triazine

triazines
[*] |$_R1$,RG:_R1={n1nnccc1},{n1ncncc1},{n1cncnc1}|
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OPGIN: ring fusions
Ring fusion nomenclature allows you to build complex parent 
rings using a fusion descriptor

imidazopyridine

imidazole

pyridine
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OPGIN: ring fusions
Need to handle fusion of already variable rings

imidazotriazine

imidazole

triazine
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OPGIN: Substituting R-groups
Locanted prefix onto alternative groups.

2-phenyl imidazotriazine

*c1ccccc1 |$_R1$,RG:_R1={*n1nn2c(cc1)ncc2 |$_AP1$|},{*n1nn2c(cc1)cnc2 |$_AP1$|},{*n1ncc2c(n1)ncn2 |$_AP1$|},
{*c1cnc2n(n1)ccn2 |$_AP1$|},{*c1nc2n(nc1)cnc2 |$_AP1$|},{*n1nc2n(cc1)ccn2 |$_AP1$|},{*c1nn2c(cn1)ncc2 |$_AP1$|},
{*n1nc2n(cc1)cnc2 |$_AP1$|},{*c1nc2n(cnnc2)c1 |$_AP1$|},{*c1nn2c(cn1)cnc2 |$_AP1$|},{*n1ncn2c(c1)cnc2 |$_AP1$|},
{*n1nc2c(nc1)ncn2 |$_AP1$|},{*c1nc2n(cn1)ccn2 |$_AP1$|},{*c1nc2n(cn1)cnc2 |$_AP1$|}|
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OPGIN: Substituting R-groups
Unlocanted prefix onto alternative groups.

phenyl imidazotriazine

Very tricky to handle variable attachment point, many tools reject!
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Examples

2-phenyl imidazotriazinones
(US6362178B1 - Bayer)
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Examples

triazolopyridine

(WO2017221092A1 - Novartis)

quinolinyltriazole

halogen-substituted pyrazolone

bisazolylpyridine
bisazolepyridine

diazolylpyridine

trifluoroisopropyl

alkylfurane
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searching
“You should never have to see a SMILES” - David Weininger

“halogen-substituted pyrazolone”

**.*=O.n1nccc1 |$Halogen_p$,m:1:4.5.6.7.8,2:4.5.6.7.8|

Internal:

User Input:

Results:
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searching chembl

Query: “2-phenyl imidazotriazinones”
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searching pubchem
Query: “triazines”
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searching pubchem
Query: “bisimidazopyridines”
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summary
Chemical search systems are advancing and improving 

A search box may not do what you think/expect 

Avoid drawing complex structure diagrams 

Can exploit the ambiguity in chemical nomenclature to provide 
generic structure representation and better search results 
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future Work
Struggle against OPSIN trying to do the sensible thing 

Handling of and/or lists in IUPAC names and merging with 
existing OntoGrep semantics “unsubstituted triazine” 

Hydrogen complications - ideally emit aromatic/tautomeric 
invariant representation 

                                     “1H,2H,3H,4H,4aH,5H,6H,7H,7aH-imidazotriazine” 

Performance improvements and corner case handling in Arthor
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kekulé’S dream
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MAYFIELD’s dream

c1ccccc1CCCC* |m:10:0.1.2.3.4|

“ouroboros”

With positional variation, there is nothing in the file formats which 
prohibits the creation of a ring:



BONUS
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CTFile vs CXSMILES

There are philosophical differences in how attachment/phantom 
atoms are stored:

CTfile store the attachment point as 
an annotation on an existing atom

CXSMILES store the attachment as an 
explicit node in the connection table

Pros/cons but explicit attachment more options IMO
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Quirky positional variation

c1ccccc1CCCC* |m:10:0.1.2.3.4|

Examples of non-trivial positional variation queries to handle from NextMove Software’s 
Arthor test suite, also supported by Chemistry Development Kit.

“triskelion”
c1ccnc(c1)CC.c1ccnc(c1)CC.c1ccnc(c1)CC 

|m:23:0.1.2.3.4.5,7:8.9.10.11.12.13,15:16.17.18.19.20.21|

“bridge to nowhere” “double rainbow”
**.**.n1ccccc1.n1ccccc1 

|m:0:5.6.7.8.9,1:11.12.13.14.15,2:5.6.8.7.9,3:11.12.13.14.15|
**.n1ccccc1.n1ccccc1 

|m:0:2.3.4.5.6.7,1:8.9.10.11.12.13|

“ouroboros”
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VALID?

https://www.organic-chemistry.org/synthesis/heterocycles/benzo-fused/azaindoles.shtm

https://pubs.rsc.org/en/content/articlelanding/2021/qo/d0qo01079k
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VALID?

Standardisation committee 

A variable bond-fusion operator would also be useful to reduce enumeration

c1ccccc1.[N]Cl |m:6:0.1.2.3.4.5| c1ccccc1.[N] |m:6:0.1.2.3.4.5|

triazine?

c1ccccc1.[N].[N].[N] |m:6:0.1.2.3.4.5,7:0.1.2.3.4.5,8:0.1.2.3.4.5|

(N)
3



extra
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Motivation
ChEMBL possibly only “text based”

Hits 5 and 6:
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Motivation
ChEMBL possibly only “text based”

Hits 3 and 4:


