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Outline

Å What are Markush structures?

Å Existing methods for searching them

Å Problems with the existing systems

Å New developments underway

ï in-house searching under Oracle

ï work still needed

Å Sources of Markush data and exchange formats

Å Automatic nomenclature extraction and conversion

Å Evaluation of retrieval methodologies
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What are Markush  structures?

Áshorthand for describing 

sets of specific molecules 

with common features

Á"structures with R-groups"
Áalso known as "generic"

chemical structures

Áused in patents to 

protect whole classes 

of compounds with 

common properties
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3 O
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R1 = phenyl / cyclohexyl / ...

R2 = H / methyl / ...

R3 = H / Cl / NO2 / ...
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Who was Markush?

Dr Eugene A. Markush
Åborn Budapest, Hungary, 1887

Åmigrated to USA, 1913 (Citizen, 1920)

ÅFounded Pharma Chemical Corporation (NJ), 
1919 (sold to Bayer in 1958)

ÅFiled US patent 1506316 on pyrolazone dyes, 
9 January 1924, using expression ñwhere R is 
a group selected from ...ò to circumvent 
USPTO ñrule against óorô ò

Ådied New York, 21 April 1968

Dr Markush didn't file the first patent with a generic 
chemical structure, but was involved in a legal case which 
set a precedent in the USA for this type of description.
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Variability in Markush 

Structures

R1 = propyl / CH3CH(Br)CH 3 / OMe /* CH
2

R2

R2 = F

R3 = alkyl C1-6

M = 2-5
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Å substituent (s-) variation 

Álist of specific alternatives, which 

can be expressed in many 

different ways

Åposition (p-) variation 

Ávariable point of attachment

Å frequency (f-) variation 

Ámultiple occurrence of groups

Åhomology (h-) variation 

Ágenerically-described group (e.g. 

ñalkylò)

Ápotentially infinite number of 

alternatives
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Searching Patent Markushes

Å Before 1980

ï Fragmentation codes

Å Derwent Chemical Code

Å IFI/Plenum system

Å GREMAS code

Å Development in the 1980s

ï Sheffield University research project

ï Markush DARC System (Derwent/Questel)

ï MARPAT System (Chemical Abstracts)

Å Little change since then

ï several new developments now underway
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Fragmentation Codes

ÅStructural features (ring systems, functional groups, 

etc.) used as indexing terms

ÅStructural relationships usually lost
Áall alternatives tend to be ñover-codedò

Áretrieved structures include many ñfalse dropsò (ñballastò)

ÅCodes originally assigned manually
ÁNow usually generated (semi-)automatically from graphical input

ÁQueries also generated automatically

ÅSome codes use ñclosedò set of terms 

(periodically revised)

ÅOthers are ñopen-endedò
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Graphical (ñtopologicalò) systems

ÅDevelopment started in early 1980s

Á operational by 1990

Á little change since then

ÅIntended to extend then new graphical substructure 

search systems from specific structures to Markush

Á user draws graphical (sub)structure query

Á system displays graphical Markush structure hits

ÅTwo commercial systems implemented

Á available for online searching only

Á each with its own database

Á no ñin-houseò systems or databases
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ÅJoint development of

ÁQuestel SA (software and online host) 

ÁDerwent Information Ltd (Thomson Reuters)

ÁINPI (French Patent Office) 

ÅIntegrated database 
(ñMerged Markush Fileò) 
now available 
(1961 to present)

Áupgraded search software 
(Unix) introduced 2004

Åfaster searches;

limits increased

Åmonthly SDI searches 

run automatically

Markush DARC

http://www.questel.orbit.com/en/prodsandservices/mms_chemistry.htm
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MARPAT

ÅSoftware and database from 
Chemical Abstracts Service 

ÅAvailable online via STN 

ÅIntegrated with CA Registry 
of specific compounds

Proposal to allow Derwent 
WPIM database to be 
searched with MARPAT 
software dropped in 
mid 1990s for 
commercial reasons

http://www.cas.org/expertise/cascontent/marpat.html
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Markush - the situation today

ÅMarkush descriptions in patents are complex 

and continue to become more so

Áexcessively broad claims

"R1 is a substituted or unsubstituted, mono-, di- or polycyclic, aromatic 

or non-aromatic carbocyclic or heterocyclic ring system, oré"

Sibley, J. F. ñToo broad generic disclosures: a problem for allò

J. Chem. Inf. Comput. Sci. 1991, 31 (1) 5-8

Ádefy existing search and retrieval systems

Ásearchers often faced with manually sifting 1000+ 

"hits" to find 5-6 relevant records
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IPI-Confex 2009

"Breakout Group" at International Patent Information 

Conference (Venice, March 2009) discussed problems 

of Markush search

ï several tools needed for comprehensive retrieval

ï search strategies need to focus on core structure of 

interest, and put up with poor precision

ï various suggestions for improvement

Å ranking of output

Å more comprehensive indexing of specifics

ï systems based on automatic extraction and 

analysis of nomenclature have limited usefulness
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USPTO proposal to restrict Markush

In Aug 2007 USPTO published proposed new rules for: 
"Examination of Patent Applications That Include Claims 

Containing Alternative Language"

ï would "ban" nested Markush structures

ï may require enumeration of alternatives for, 

e.g. "C1-4 alkyl"

ï would require that "the number and presentation of 

alternatives in the claim does not make the claim 

difficult to construe"

Å comments from pharmaceutical industry universally hostile

Å current status of proposals unclear

ï USPTO recently dropped other proposals after GSK lawsuit

Bone & Kendall, Industrial Biotechnology, 2008, 4 (3), 246-251
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Established chemical patent 

systems

Å With Markush search capabilities

ï 20+ years old

ï poor retrieval performance

ï clunky interface

ï only usable by expert searchers

ï only available online

Å Covering exemplified specific compounds

ï incomplete/inconsistent coverage of prophetic compounds

ï fail to cover compounds in generic claim

ï limited options for integration into other in-house systems
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New developments

Å Development of new systems for access to 

structural information in chemical patents has 

recently become a "hot" area again

ï "in-house" systems

Å based on selective enumeration (DecrIPt)

Å with Markush search capabilities

ï automatic analysis of full-text patent documents

Å extracting structural information from both 

structure diagrams and chemical nomenclature

ï "TREC-CHEM" study of retrieval performance
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Why in-house?

Informatics support for drug discovery

ÁIntegration of patent databases with existing specific-structure 

databases using single search interface

ÁAdding patentability criteria to drug design

ÁEnd-user chemist access to patent structure databases

Adjunct or preliminary to existing public systems 

Åconfidentiality/security advantages

Data mining

Åstructure/activity analysis

Åphysico-chemical property calculation

Åcompetitive intelligence

Åidentification of unpatented "gaps" in chemical space

Similarity 
and 

clustering 
techniques
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In-house Markush Searching

Å Some developments from late 1990s onwards for 

searching Markush representations of combinatorial 

libraries

ï some based on enumeration of specifics

ï Digital Chemistry has used Markush techniques for 

library profiling and design as well as 

structure/substructure search

Å Systems now being extended to handle Markush 

structures from Patents

ï Digital Chemistry Ltd.

ï ChemAxon
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Markush searching under Oracle

Digital Chemistry /Thomson Scientific collaboration to demonstrate 

how Markush patent searching might operate under Oracle RDBMS

.vmn

Markush
DARC
Data Files

Torus:Server

Full structure search

Substructure search

Markush overlap search Torus:View

PDF 
Reader

.pdf
Patent

documents
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Torus:Patent ïresults display

Scaffold for 

Markush hit

Link to full Markush 

display

Number of specific 

molecules covered 

by Markush

Link to PDF for 

original patent

Query SMARTS:
Oc1ccccc1
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Torus:Patent ïMarkush display

Expandable tree view of 

Markush structure

Highlighted atoms 

matching query

Scrollable lists of R-

group members

Heavy atoms standing in 

for Markush-DARC 

superatoms

Query SMARTS:
Oc1ccccc 1
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Torus:Patent: Patent PDF Display


