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Agenda

• Definition of a Markush formula

• Challenges of Markush searches

• Markush implementation 

• Markush data information and coverage

• Markush search functionality

• Case studies
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Definition of a Markush formula

• Markush formulae are named after Eugene A. Markush, founder of the 

Pharma Chemical Corporation in New Jersey. 

He was involved in a legal case that set a precedent for generic chemical structure patent filing. The 

patent filing was US Application 611,637, filed January 9, 1923. Markush was awarded a patent from 

the US Patent Office for “Pyrazolone Dye and Process of Making the Same” on August 26, 1924

(Wikipedia)

• Representation of families of chemical compounds with «varying parts», 

usually with the purpose to specify patents claims



A Markush formula uses placeholders, such as R, X, Y, etc., to represent 
variations of substituents, functional groups, or parts of the structure.

Substitution variation:     R1 = H, CH3, OH …

Position variation: Variable points of attachment

Frequency variation: Repeating groups

Multipliers

Homology variation: Generic nodes CHK, CYC, ARY, HET…
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Challenges of Markush searches

• Ambiguity

• Availability

• Complexity

• Size & Scope

• Standard representation



An example: WO2012064632
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Markush search implementation

• Users’ request: free of charge Markush search option 

before chemical searches incomplete

• Challenge: implement a, first-level, easy to use and maintain Markush

feature

• Free of charge for logged-in users

• Development: Infochem developed it by building further on the 

PATENTSCOPE Chemsearch components

• License: Clarivate Analytics Markush Data
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PATENTSCOPE Markush data and coverage

• Introduction

• Country coverage 

• Markush variability types in patents

• Resource Indexing



Introduction
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Derwent Markush Resource

Database of 2.4 million editorially curated Markush structures from two sources:

• Clarivate’s Derwent World Patents Index (DWPI) editorial process

- covering the period 1987 to date

- 2.2 million structures

• Plus Markush structures indexed by INPI (Institute National del la Propriété Industrielle), FR

- covering the period 1961 to 1998

- 0.2 million structures

• Each indexed structure is assigned a unique Markush Compound Number, which provides a link from 
the structure record to the corresponding patent.

• The database is also available via the CAS STNext platform (file DWPIM)



Markush country coverage on PATENTSCOPE
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Authority Start date
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Derwent Markush Resource structure coverage
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Indexing policy: Markush structures are indexed principally from the claims, but structures from the 
description may also be covered where they differ from the claimed structures.

Full Coverage: 

• Organic compounds

• Organometallics

• Inorganic salts and metal oxides

Partial coverage:

• Alloys

• Intermetallics

• Polymers
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Markush variability types in patents

• Substituent variation
• Position variation 

- e.g. variable point of attachment to a 
ring

• Frequency variation (repeating groups)
• Homology group variation

- e.g. alkyl, alkenyl, aryl etc
• All of the above features are captured in 

Derwent Markush Resource
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Derwent Markush Resource Indexing

The DWPI editorial team re-draws Markush from the patent according to our indexing rules to capture the 
Markush core plus all possible variations, e.g. 

Markush 
core

Variable group 
definitions

plus further definitions for R3 – R7
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Generic groups -  Superatoms

Acyclic / Cyclic 

CHK  (Alkyl, Alkylene)

CHE  (Alkenyl, Alkenylene)

CHY  (Alkynyl, Alkynylene)

ARY  (Aryl)

CYC  (Cycloaliphatic)

HEA  (Monocyclic heteroaryl)

HET  (Monocyclic nonaromatic)

HEF  (Fused heterocyclic)

CHK saturated carbon chain (no C=C or C≡C)

CHE carbon chain containing C=C (no C≡C)

CHY carbon chain containing C≡C

As well as ordinary atom types (C, N, O, S, Cl etc), Derwent Markush includes generic ‘superatoms’ that are unique to our database



PATENSCOPE search query using generic atoms
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Indexing the Markush structure – what features do we look out for? 

• Indexing conventions
- Keto-enol tautomerism (keto form is the preferred one) 

- Amidine normalisation (amidine/guanidine groups have normalised bonds not single and double bonds)

• Use of DWPI Markush terminology and shortcuts
- Use of superatoms terms (CHK, ARY etc.) & shortcuts (CO2, SO3 etc.)

• Include any exceptions and provisos mentioned in the patent
- e.g. where at least one of R1 & R2 is not H

- e.g. if R1 = value x, then R2 = a subset of its possible listed values)

• Allow for system limits
- Check for large numbers of possible values for each variable group, especially when these include further variable 

sub-groups (‘nesting’)

- Each indexed structure can contain up to 1023 atoms and 50 R-groups, so larger Markush structures are split into 2 or 
more records



Markush preanalysis 1
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• Variables X and Y within the macrocycle – 
are they always present?

• Substituents R10A and R10B on one C 
may fuse

• Substituents R5 and RA may generate 
tautomers or normalisation if adjacent to 
double bonds



Markush preanalysis 2
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• R6 and R8 may be present or absent depending on 
values of m and n

• Is linker L always present?

• Any of R4-R6 together may form a ring bridge: 
R4+R5 most likely

• Can pairs of R6 form a ring or oxo?

• Will any or all of R8 generate a tautomer or localised 
normalisation?

• Might any of X2-X4 form a fused ring?



 

Markush searches in PATENTSCOPE

• Enumeration

• Indexation
• exact search (XSS)
• substructure search (SSS)



 

Enumeration
• Up to the 500 simplest compounds per Markush formulae (frequency 

variation for Repeating Groups and Multipliers up to n=4)

• Index the Inchikeys enumerated compounds in a new PATENTSCOPE 
search field called ‘ENUM’

• Search compounds expressed in Markush formulae as easily as 
compounds explicitely cited in patents.



 

Enumerated



 



 

Markush searches by indexation (XSS and SSS)

• Each Markush structure in the database is indexed and stored as a 
superstructure (graph) that encodes all variations (substitution, position, 
frequency* and homology)

• Each User’s query is converted on-the-fly also to a superstructure  

• A query is executed by checking if the searched superstructure matches 
one by one the superstructure of each stored Markush structure in the 
database (matching of graphs: nodes, links and variations)



 

Limitation of indexing of the superstructures

Frequency variation:

• For Multipliers:

Up to n=9 groups can be attached to the superstructure, m is ignored.

• For Repeating Groups:

Only one group (m=n=1) is expanded within the superstructure, m and n 
are ignored



 

Search by indexation (graph search)

• XSS (EXact Substructure Search)
 Closed SSS (all atoms “as drawn”)
 Components will be also hits
 Standard atom query features are allowed 
 (atom types A, Q and atom query properties)
 Standard bond query features are allowed (any, S/D, S/A)
 Stereo configurations will be ignored
 Any hit may be a set of structures

• SSS (SubStructure Search)
 Normal SSS 
 Any hit may be a set of structures 



 

Query XSS-Hits SSS- Hits 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 

Matching examples for XSS and SSS



 

Node match Levels
• Match Level ATOM
Query nodes match only specific atom nodes in target (default for rings)
Components will be also hits

• Match Level CLASS
Normal SSS: Any hit may be a set of structures

• Match Level ANY
Query nodes match additionally XX (XX may be any undefined structural 
fragment in target)

=> Implementation in PATENTSCOPE
All nodes of the query have assigned Match Level CLASS automatically, to 
retrieve as many relevant hits as possible. Matches on XX are less relevant.



 

Examples for Match Level ATOM
Query Hits XSS Hits SSS 

Aspirine 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match Level CLASS
Query Hits XSS Hits SSS 

Aspirine 
  

 
  

 
  

 
  

 
  
  
  
  
  

 
  

 
  

 
  

 
  

 



 

Element Count Levels

• Element Count Level LIMITED
Any explicit or implicit defined element count of the query nodes must 
match on the element count of the target nodes (default)

• Element Count Level UNLIMITED
All element counts of the query nodes will be ignored when matching on 
target nodes.

=> Implementation in PATENTSCOPE

all nodes have assigned the Element Count Level LIMITED.



 

Examples for Element Count LIMITED
Query Hits XSS Hits SSS 

Chinine 
  

 
  

 
  

 
  

  

 

 
  

 



 

Generic Nodes for extended search: Chains

CHK:  linear or branched C-chain with 1-n (n>=1) C-Atoms

CHE:  linear or branched C-chain with 2-n (n>1) C-Atoms and at 
  least 1 double bond, but no triple bond.

CHY:  linear or branched C-chain with 2-n (n>1) C-Atoms and at 
  least 1 triple bond



 

Generic Nodes for extended search: Rings

CYC:  carbocyclic, non-aromatic, mono- or polycyclic ring, without 
  hetero atoms and arbitrary number of ring atoms (size>=3).

ARY:  carbocyclic, mono- or polycyclic ring, without hetero atoms, 
  where at least one of the rings is a six-membered, aromatic 
  ring. The size must be six or larger (size>=6).

HET:  monocyclic, non-aromatic ring with at least one hetero atom 
  and arbitrary size (size>=3).

HEA:  monocyclic, aromatic ring with at least one hetero atom and 
  size 5 or 6.

HEF:  polycyclic, aromatic or non-aromatic ring with at least one 
  hetero atom and size>=4.



 

Matches for free sites, chain and ring extensions
Query-Node Generic 

XSS Target Node 
(no free sites in 
query) 

Generic 
SSS Target Node 
(free sites in query) 

C, CHK CHK CHK 
CHE, CHY 
CYC, ARY, HET, HEA, HEF 

C=C, CHE CHE CHE 
CHY 
CYC, ARY, HET, HEA, HEF 

C#C, CHY CHY CHY 
CYC, ARY, HET, HEA, HEF 

CYC, Carbocycle CYC CYC 
ARY, HEF 

ARY, aromatic ring ARY ARY 
HEF 

HET, hetero cycle HET HET 
HEF 

HEA, aromatic hetero cycle HEA HEA 
HEF 

HEF, fused hetero cycle HEF HEF 
 



 

Examples for Match of CHK (C-chain, saturated )
Query Hits XSS Hits SSS 

 
   

  

 
  

 
  

 
  

 
  
  
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of CHE (C-Chain, unsaturated with double bonds)
Query Hits XSS Hits SSS 

 
  

 
  

 
  

 
  

 
  

 
  
  
  
  
  
  
  

 
  

 
  

 



 

Examples for Match of CHY (C-Chain, unsaturated with triple bonds)

Query Hits XSS Hits SSS 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of CYC (Carbocycle)
Query Hits XSS Hits SSS 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of ARY (Aromatic Carbocycle)
Query Hits XSS Hits SSS 

  

 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of HET (Heterocycle)
Query Hits XSS Hits SSS 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of HEA (Hetero Aromatic Cycle)
Query Hits XSS Hits SSS 

  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 



 

Examples for Match of HEF (Hetero Fused Cycle)
Query Hits XSS Hits SSS 

  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 

 



 

Generic Nodes Properties



 



 



 



 



 



 



 

Markush information display: example EP0174726



 



 



 



 



 

Case study 1: Nicotine in Markush formulae



 



 

After a few seconds, the search by enumeration does not bring back any result... 



 

Query Hits XSS 

Nicotine 

 
  

70 hits 

Generic Nicotine, unspecific 

 
  

2138 hits 

 
  

 
  

 
  

 
  

The XSS search brings 70 
Markush hits after 30 minutes 
(batch mode), which in turn are 
referred by 132 distinct patent 
documents

=> If you don’t find what you are 
looking for, use the IC Editor to 
make the search more generic:

     Nicotine can be made more 
generic with:

2138 Markush structures => too large 
to investigate and probably too noisy

CHK HEA

HET



 

=> Specify generic node 
properties with IC Edit to get more 
focused results:

   

CHK (LOW)

HET (RA=5, N=1)

HEA (RA=6, N=1)

Generic Nicotine, specific (enhanced) 
  

 
  

165 hits 

 
  

 
  

 
  

 
  

 



 

Case study 2: peptides

Searching peptides in Markush structures? 
yes, you can!

Query XSS-Hits SSS- Hits 

 
  

0 hits 1723 hits 

 
  

 
  

 
  

 
  

 



 

 
  

1 hit 

 
  

78 hits 

 
  

 
  

 
  

 

query XSS hits SSS hits



 

Aspartame 
Asp-Phe-Ome 

 
  

490 hits 590 hits 

 
  

 
  

 
  

 

query XSS hits SSS hits



 

Participant list

The participant list will be shared with Clarivate & DeepMatter unless you 
clearly indicate by email patentscope@wipo.int so you do not agree to share 
your contact information.

mailto:patentscope@wipo.int


 

Q&A



 

patentscope@wipo.int



 

Public Request For Information
Published February, 2019

Findings:

=> Creation of structured Markush information from scratch 
for the world patents backfile and front file “out of reach” for 
WIPO

=> Only one possibility: license the data from a provider 
and implement search functionality in PATENTSCOPE
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