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What are Markush structures?
Existing methods for searching them

Problems with the existing systems

o Po Do o

New developments underway

I In-house searching under Oracle
I work still needed

To

Sources of Markush data and exchange formats

To

Automatic nomenclature extraction and conversion

To

Evaluation of retrieval methodologies



What are Markush structures? (@
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Ashorthand for describing
sets of specific molecules

with common features M o
A'"structures with R-groups" " ﬁ
A also known as "generic" R2
chemical structures R3 =
, _ R1
Aused In patents to R, = phenyl / cyclohexyl / ...
protect whole classes R,=H/ methyl / ...
of compounds with Ry=H/CI/NO, /...

common properties
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Dr Eugene A. Markush

A born Budapest, Hungary, 1887
A migrated to USA, 1913 (Citizen, 1920)

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

A Filed US patent 1506316 on pyrolazone dyes,
9Jdanuary 1924, usi ng expressio
a group selected from .
USPTO nrul e against 06o0ro

A died 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

A substituent (s-) variation

A list of specific alternatives, which
can be expressed in many

different ways R3 o OH
A position (p-) variation N /H\}\
A variable point of attachment R2 K—CH2 MR,
A frequency (f-) variation —N
A multiple occurrence of groups R1
A homology (h-) variation R, = propyl / CH,CH(Br)CH ;/ OMe+/ —-( §*
A generically-described group (e.g. R =F
Aal kyl o) M=2-5
R3 = alkyl C1-6

A potentially infinite number of
alternatives
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Searching Patent Markushes

A Before 1980

I Fragmentation codes

A Derwent Chemical Code
A IFI/Plenum system
A GREMAS code

A Development in the 1980s

I Sheffield University research project
I Markush DARC System (Derwent/Questel)
I MARPAT System (Chemical Abstracts)

A Little change since then
I several new developments now underway



Fragmentation Codes -

digital chemistry

A Structural features (ring systems, functional groups,
etc.) used as indexing terms

A Structural relationships usually lost

Aall alternativ-eededaod to be fiover
Aretrieved structures include many fi

A Codes originally assigned manually

A Now usually generated (semi-)automatically from graphical input
A Queries also generated automatically

ASome codes use Acl osedod se:
(periodically revised)

AOt hers aeed@doen
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Graphi cal (Nt opol c

A Development started in early 1980s
A operational by 1990

A little change since then

A Intended to extend then new graphical substructure
search systems from specific structures to Markush
A user draws graphical (sub)structure query

A system displays graphical Markush structure hits

A Two commercial systems implemented
A available for online searching only
A each with its own database
A no -iomsed0 systems or databa
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A Joint development of

A Questel SA (software and online host)
A Derwent Information Ltd (Thomson Reuters)

A INPI (French Patent Office)

A Integrated database
(A Merged

now available S x/

(1961 to present) e | ||| s, b P gt | ol i

P h et a0 e e ',; 1—,,' G1e—n X—6G3
group of the o i o i
IR [N I IR G110

Group number of Subgroup number followed by the total
M a I the father group number of G groups in this answer

e grotip being L. The little digit permits you
A upgraded search software |usiue T fo know which node of the

. . o1 / structure is attached to the
(Unix) introduced 2004 / | s

A faster searches: Group values el B e
limits increased

A monthly SDI searches
run automatically

Text note HET1=RAG,N1- .,

http://www.questel.orbit.com/en/prodsandservices/mms_chemistry.ntm



MARPAT

A Software and database from
Chemical Abstracts Service

A Available online via STN

A Integrated 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

digital chemistry

L3 ANSWER 2 OF 23
COPYRIGHT (C) 1990 AMERICAN CHEMICAL SOCIETY

AN 111:232835 MARPAT
TI Preparation and testing of tetrazolylmethylbenzenes and pyridines as

antidiabetics
MSTR 2A
G2—G6 —G7—Gl1—CH
7 & ¥ 9 T%j}
1N
i3 | 9
N
HAo
11 o
G8 —NH
64 65
78 Me
G4 —=0
69
G5 =0
71
VAR G1 = phenylene / 11-7 14-66 / 10-7 14-66 / 9-7 14-66 /
13-7 14-66
VAR G2 = cycloalkyl<EC (3-8) C, RC (1-2)> (SO G3) / 69 / 71 /
(EX 78)
VAR G3 = alkyl<(1-3)> / OH / CO2H
VAR G4 = cycloalkyl<EC (3-8) C, RC (1-2)> (SO G3)
VAR G5 = Hy<EC (1) Q (1) O (0) OTHERQ, RC (2-3),
RS (0-) E3 (0-) E4 (1-) E5 (0-) E6 (0-) E7 (0-) E8>
(SO G3)
REP G6 = (1-3) CH2
VAR G7 = 0 / 64-67 65-8 / 65-67 64-8
VAR G8 = C(0) / s02
DER: or a pharmaceutically acceptable salt
MPL: disclosure

http://www.cas.org/expertise/cascontent/marpat.htmi
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AMarkush descriptions in patents are complex
and continue to become more so

Aexcessively broad claims

"R1 is a substituted or unsubstituted, mono-, di- or polycyclic, aromatic
ornon-ar omati ¢c carbocyclic or hetero

Sibley, J. F. nNnToo broad generic di scl
J. Chem. Inf. Comput. Sci. 1991, 31 (1) 5-8

Adefy existing search and retrieval systems

Asearchers often faced with manually sifting 1000+
"hits" to find 5-6 relevant records

11



IPI-Confex 2009 digit;lch:msw

"Breakout Group" at International Patent Information
Conference (Venice, March 2009) discussed problems
of Markush search

I several tools needed for comprehensive retrieval

| search strategies need to focus on core structure of
Interest, and put up with poor precision

| various suggestions for improvement
A ranking of output
A more comprehensive indexing of specifics

I systems based on automatic extraction and
analysis of nomenclature have limited usefulness

12
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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"

T would "ban" nested Markush structures

I may require enumeration of alternatives for,
e.g. "C1-4 alkyl"

I would require that "the number and presentation of
alternatives in the claim does not make the claim
difficult to construe"

A comments from pharmaceutical industry universally hostile

A current status of proposals unclear

I USPTO recently dropped other proposals after GSK lawsuit
13 Bone & Kendall, Industrial Biotechnology, 2008, 4 (3), 246-251



Established chemical patent (®
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A With Markush search capabilities

20+ years old

poor retrieval performance
clunky interface

only usable by expert searchers
only available online

A Covering exemplified specific compounds

14

Incomplete/inconsistent coverage of prophetic compounds
fail to cover compounds in generic claim
limited options for integration into other in-house systems
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A

Development of new systems for access to
structural information in chemical patents has
recently become a "hot" area again

I "In-house" systems
A based on selective enumeration (DecrlPt)
A with Markush search capabilities
I automatic analysis of full-text patent documents

A extracting structural information from both
structure diagrams and chemical nomenclature

I "TREC-CHEM" study of retrieval performance



Why in-house? (@
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Informatics support for drug discovery

Alntegration of patent databases with existing specific-structure
databases using single search interface

AAdding patentability criteria to drug design

AEnd-user chemist access to patent structure databases

Adjunct or preliminary to existing public systems
A confidentiality/security advantages

Data mining
Astructure/activity analysis Similarity
Aphysico-chemical property calculation and
o _ clustering
Acompetitive intelligence techniques

16 Aidentification of unpatented "gaps" in chemical space
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In-house Markush Searching

A Some developments from late 1990s onwards for

searching Markush representations of combinatorial
libraries

I some based on enumeration of specifics

I Digital Chemistry has used Markush techniques for
library profiling and design as well as
structure/substructure search

A Systems now being extended to handle Markush
structures from Patents

I Digital Chemistry Ltd.
I ChemAxon

17



Markush searching under Oracle
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Digital Chemistry /Thomson Scientific collaboration to demonstrate
how Markush patent searching might operate under Oracle RDBMS

Markush
DARC
Data Files

Patent <:::> A.
documents odf .
p
PDF
Reader

@
P

Torus:Server
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Full structure search
Substructure search
Markush overlap search

=

Torus:View



Torus:Patent T results display
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Scaffold for
Markush hit

Link to full Markush
display

Number of specific
molecules covered
by Markush

Link to PDF for
original patent

Query SMARTS:
Oclcccccl




Torus:Patent T Markush display L9
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E Markush View |z‘ IEFXl
Markush | Specifics |

Ll =

e RS R5

Expandable tree view of —>
p / ag(s) \ R4

Markush structure

10) S
ey RE™ RI R3
Highlighted atoms ___—]
matching query

-3

RGNS,

+R8
Frag(1) R1 R10 +R16 R11+R12 +R14 R13 R1S ~

F*12_:‘L\I~q./4':'|:e14
H_%Rw H_%Rﬁ

Scrollable lists of R- __—

F HF R )
group members
R /':{'MZ RSS\\
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Query SMARTS:
Oclcccce 1 . @

20 This markush contains 1994713326288 spedifics. Only 100000 will be displayed.




digital chemistry

Torus:Patent: Patent PDF Display
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