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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, orRSparts of the structure.

Substitution variation: R1=H, CH3, OH ...

,,,,,

TN j —TERy
Position variation: Variable points of attachment n&iﬁ;:;@"'
HX,—{R X2 _

Frequency variation: Repeating groups .

et

Homology variation: Generic nodes CHK, CYC, ARY,

Multipliers



Challenges of Markush searches

Ambiguity

Availability

Complexity

Size & Scope

Standard representation



An example: W02012064632
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where:
each Z is independently selected from the group consisting of N, O, S and CHy;
A is O (then R4 is null) or N
n=1-5; m=1-3; j=1-4
Eis N, CH or CH;;



Ry, Ry, Ry, Ry, and Rs individually can represent H, lower straight-chain alkyl (e.g.
alkyl groups containing one to ten carbon atoms, such as methyl, ethyl or hexyl) or branched
chain lower alkyl, aromatic (e.g. phenyl, naphthyl) substituted aromatic, heteroaromatic (¢.g.,
pyridyl, pyrimidinyl, pyrazole, imidizole, triazole, oxazole, isoxazole, thiazole, isothiazole,
oxadiazole, thiadiazole, pyridazine, triazine, indole, indazole, benzoisoxazole, benzoxazole,
benzoisothiazole, benzothiazole), substituted heteroaromatic, benzyl, substituted benzyl.

| Ry, Ry, R, Ry, and Rs individually can also represent —(CHy),—Ar, where n is
preferably 1 to 3 and Ar is aromatic, substituted aromatic, heteroaromatic or substituted
heteroaromatic. A and B individually can also represent ~OR, —SR, —NR; (where R
individually represents H, straight chain or branched chain lower alkoxy, aromatic,
substituted aromatic, heteroaromatic, substituted heteroaromatic), halogen, aldehyde,
carboxylic acid, -COOR, ~CONHR, —~CONR;, ~OCONHR, ~OCONR;, -NCONHR, -
NCONRj, —SCONR;.



Ry, Ro, Rs, Ry, and Rs can also be individually selected from —(CH,),—R’, (where R’
individually represents H, straight chain or branched chain lower alkoxy, aromatic,
substituted aromatic, heteroaromatic, substituted heteroaromatic, halogen, aldehyde,
carboxylic acid, -COOR, —-CONHR, —CONR;, ~-OCONHR, -OCONR;, -NCONHR, -
NCONR;, ~SCONR; (where R individually represents H, straight chain or branched chain
lower glkux}f, aromatic, substituted aromatic, heteroaromatic, substituted heteroaromatic).

In some embodiments, Ry, Ra, R3, Ry, and Rs are each independently selected from the group
consisting oft H, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkylalkenyl,
cycloalkylalkynyl, heterocyclo, heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl,
aryl, arylalkyl, arylalkenyl, arylalkynyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, alkoxy, halo, mercapto, azido, cyano, formyl, carboxylic acid, hydroxyl,
nitro, acyl, aryloxy, alkylthio, amino, alkylamino, arylalkylamino, disubstituted amino,
acylamino, acyloxy, ester, amide, sulfoxyl, sulfonyl, sulfonate, sulfonic acid, sulfonamide,

urea, alkoxylacylamino, and aminoacyloxy.



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



PATENTSCOPE Markush data and coverage

Introduction

Country coverage

Markush variability types in patents

Resource Indexing



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)

2 Clarivate”



Markush country coverage on PATENTSCOPE
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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
o Intermetallics
. Polymers

2 Clarivate”



Markush variability types in patents

Substituent variation

Position variation

o A OH
N }l__;_‘_x - e.g.variable point of attachment to a
R2 cHl M CH, rng
..--'N ¢
R1

Frequency variation (repeating groups)

Homology group variation

R, = propyl / CH,CH(B)CH,, / OMe+/ ~-( 5 - e.g. alkyl, alkenyl, aryl etc

R.=F « All of the above features are captured in
. Derwent Markush Resource

M= 2-5

R3 = alkyl C1-6

2 Clarivate”



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 Variable group
core definitions
CH,
HO 0 F—H 1_<
R1 0
R1=
0

R2

R3

R4

R2 = i_H

R5 R7

2 Clarivate” Re plus further definitions for R3 - R7



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

carbocyclicsystemswhich have at least one

ARY

benzene ring or quinoid variant, e.g.
CHK (Alkyl, Alkylene) O “ ‘

CHE (Alkenyl, Alkenylene)

Cycloaliphatic, monocyclic or fused, non-
CHY (AIkynyI, Alkynylene) cvc aromaticcarbocyclic systems, which do not fit

with the definition of the ARY superatom, e.g.
ARY (Aryl)

CYC (Cycloaliphatic) OD O ( )

HEA (Monocyclic heteroaryl)

monocyclic, aromatic heterocycle (heteroaryl),

HET (Monocyclic nonaromatic) HEA - either fully unsaturated 6-rings

- or 5-rings with 2 double bonds
HEF (Fused heterocyclic) @ /C\

N/ s
) Nonaromatic, monocyclic heterocycle, which do not
CHK saturated carbon chain (no C=C or C=C) HET fit with the definition of the HEA superatom, e.g.
S

CHE carbon chain containing C=C (no C=C) @ @ O
CHY carbon chain containing C=C o o —

fused heterocycle, e.g.

12 Clarivate” - @ L/ND [;O




PATENSCOPE search query using generic atoms

Convert structure  Upload structure Structure editor

anjafe sielal~ c o

Edit Atom Properties

2 Clarivate”




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

2 Clarivate”



* Variables X and Y within the macrocycle -
are they always present?

o Substituents R10A and R10B on one C
may fuse

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

double bonds

2 Clarivate”



{Ra}m RE' " RE
R4 N
xz’xi\ 17T s
R l\m/)
Formula (I)

2 Clarivate”

* R6 and R8 may be present or absent depending on

values of m and n
* Is linker L always present?

« Any of R4-Ré6 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

* |ndexation
« exact search (XSS)
 substructure search (SSS)



« 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

Convert structure  Upload structure
I

Search type
Compound name

O search for scaffold

O Include enumerated Markush structures

Offices
All

PATENTSCOPE Chemical compounds search <«

Structure editor

Type an accepted name, commercial name, CAS name, IUPAC name

omeprazole

Reset

Show in editor

Exact Structure Search




CHEM:(SUBDBMMJDZJVOS-UHFFFAQYSA-N) OR ENUM:(SUBDBMMJDZJVOS-UHFFFAQYSA-N) O‘

containing an acid labile benzimidazole compound of formula | and a water soluble polymer, a second isolation layer consisting in a water soluble polymer, tale and a pigment, and a final enteric coating containing
a polymer, a plasticizer and talc.

:ﬁ‘u’n 32,162 results Offices all Languages en  Stemming true  Single Family Member false  Include NPL false Df & d—g—b @ [i_]?; D]
Sort: Relevance ¥ Perpage: 100 ¥ View: All+lmage ¥ 1/322 » > Download ¥ Machine translation ~
1. 0993830 NEW STABILIZED GALENIC FORMULATIONS COMPRISING AN ACID LABILE BENZIMIDAZOLE COMPOUND AND ITS PREPARATION EP-19.04.2000
Int.Class AB1K9/28 (7) Appl.No 99116334 Applicant ESTEVELABORDR  Inventor BALLESTER RODES MONTSERRAT
New stabilized galenic formulations comprising an acid labile benzimidazole compound and its preparation. The new stable oral pharmaceutical formulations are prepared covering an inert nucleus with a first layer M m

ingredient and comprised of the benzimidazol compound having the general forrula [I]. a water-soluble polymer and non-alkaline reaction vehicles, and on which is applied a second isolating layer which
comprises a water-soluble polymer. a pigment and talcum. and a last enteric layer which contains a polymer. a plastifier and talcum.

2. 0773025 NEW STABLE GALENIC FORMULATIONS CONTAINING AN ACID-LABILE BENZIMIDAZOL COMPOUND, AND PRODUCTION PROCESS EP-14.05.1937
Int.Class AB1K9/26 (?) Appl.No 96901343  Applicant ESTEVELABORDR  Inventor BALLESTER RODES MONTSERRAT
WNew stable galenic formulations containing an acid-labile benzimidazol compound. and production process. Said formulations comprise a neutral nucleus on which is applied a layer containing the active M m

3. 1897511257 EEFEREMA VXA T4V —LESETEHERER L — v S 2H, RUZOEEHE JP-11.11.1887
Int.Class AB1K31/4439 () Appl.Mo 1996623278 Applicant  Inventor /L A& — - O—FTA, E¥rEZwh
NO




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:
. . - R
« For Multipliers: Hx{ } .

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



« 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



Matching examples for XSS and SSS

XSS-Hits

SSS- Hits




« 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

5




Examples for Match Level CLASS
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 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 LIMITEL

Query

Hits XSS

Hits SSS

Chinine

chiral

P = b Bl IR B FE oL




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



CYC:

ARY:

HET:

HEA:

HEF:

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

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>=06).

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

monocyclic, aromatic ring with at least one hetero atom and
size 5 or 0.

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



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
CH#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 )
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41 (STRAERA-LOMHIDHT 6 Cs 0
51 (STRBRA-LOH-AIDHI+IC.ua
B2 (CTR FRA AW HTHHT A5

Query Hits XSS Hits SSS
£h
CHK C12 ‘L
mih‘“‘*s
iBu
Tipr s
qu____kz
Ry
Ry Rao
"8 R
R Rg 1
33 Ry \\ R,
/ CH
Ry 1 33//' -‘\N“ﬂ
CHE R
s Fs. Ra
7 R J‘wu
CHE
CHE
3
' /0 Tk
s xX
CHE
5 1t T AAILYSACCHARIDE RES IDUE.AF)
3% (AIDAHIrLC=&-2000
3 CHE
CHK
[:I:IC ' ?
CHE 0 CHE

1 (LOH-OC=2-300
S3 TRIDAHI A CaG= 1600




Examples for Match of CHE (C-Chain, unsaturated with double bonds)

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

Query Hits XSS Hits SSS
Ry
CHY % "‘H-.q_:‘
\\‘H"‘“—u‘_‘
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Examples for Match of CYC (Carbocycle)

Query Hits XSS Hits SSS
cve
Ry
0 Rz
L
CcYC Fregy '
c-a:::s 0}1.1‘/
! T
cyC
1 TUNSFUSs¢
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Examples for Match of ARY (Aromatic Carbocycle)

Query Hits XSS Hits SSS

ARY




Examples for Match of HET (Heterocycle)

Query

Hits XSS

Hits SSS

HET

0

s i Mr=100




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
HEF
Ry N
1)
@ ”
R3 o/

iz ((RA>=6MR=20=10 0




Generic Nodes Properties

Enhanced Generic Chain Properties

Keywords

branched / linear (default: any)

bra / lin

number of carbon atoms (default: >1)

LOW(1-4), MID(5-7),
HI(>7), size=m-n

Enhanced Generic Ring Properties Keywords
saturated (default) / unsaturated sat / unsat
number of rings (range allowed) NR=m -n
number of ring atoms (range allowed) RA=m-n
number of heteroatoms (range allowed) NHet=m-n
monocyclic (default) / polycyclic mon / pol
number of carbon atoms (range allowed) NC=m-n
Element count (range allowed) ES m-n

ES: Element symbol




PATENTSCOPE Chemical compounds search
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Markush information display: example EP0174726

[0008] The present invention relates to

[1] pyridine derivatives of the formula (1]

wherein R’ is hydrogen, methoxy or triflusromethyl. RZ and R® are independently hydrogen or methyl, R* is a Cy_4 fluorinated alkyl, arid n denotes 0 or 1, or their
pharmacologically acceptable salts and



2. EP0174726 - PYRIDINE DERIVATIVES AND THEIR

PRODUCTION
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Case study 1: Nicotine in Markush formulae
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InChl: InChi=15/C10H14N2/c1-12-7-3-5-10(12]9-4-2-6-11-8-9/h2,4,6,8,10H,3,5,7H2,1H3/t10-/m0/s1

InChiKey: SNICXCGAKADSCV-JTALAIEISA-N

Molecular Forrnula: C10H14N2

Molecular Weight: 162.2346 g/mol &
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1. 4132791 USE OF ETOPERIDONE IN PARKINSONISM AND IN OTHER EXTRAPYRAMIDAL SYNDROMES CHARACTERIZED BY TREMORS Us-02.01.1979

Int.Class AB1K 31/496 (7) Appl.No 05792238  Applicant Aziende Chimiche Riunite Angelini Francesce AS.R.A.F. S.p.A.  Inventor Silvestrini Bruno

Treatrnent of tremors in Parkinsonism and in other extrapyramidal syndromes by administering an amount of trazodone of the formula ##5TR1## AND OF ETOPERIDOME OF THE FORMULA: ##STR2## IN THE RANGE OF ABOUT 25 MG. TO
100 MG. THREE TIMES A DAY.

2. 4141802 1-HALOMETHYL-6-PHENYL-4H-S-[;4,3-A];[;1,4]);BENZODIAZEPINES US-27.02.1979
Int.Class CO7D 243/00 (%) Appl.No 05138288  Applicant The Upjohn Company  Inventor Hester Jackson B.

1-Substituted-8-phenyl-4H-s-triazolo[:4.3-a]:[: 1.4]:benzodiazepines of the formula II: ##5TR1## wherein R.sub.0 is selected from the group consisting of hydregen. methyl. ethyl. fluorine. chlorine, and bromine. and X is selected from
fluorine, chlorine, and bromine; wherein R.sub.1 is selected from the group consisting of hydrogen, alkyl of 1 to 3 carbon atoms inclusive; wherein R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are selected from the group consisting of
hydrogen, alkyl, as defined above, halogen, nitro, cyano, trifluoromethyl, and alkoxy, alkylthio, alkylsulfinyl, and alkylsulfonyl, in which the carbon chain moieties are of 1 to 3 carbon atoms, inclusive, are prepared by reacting a
compound of the formula: ##5TR2## wherein R.sub 1. Rsub. 2, R.sub 3 R.sub 4, and R_sub 5 are defined as above. with an haloacyl chloride or haloacyl bromide of the formula ##STR3## wherein R.sub.o and X are defined as above
and X' is chlorine or bromine. The new products of formula Il including their pharmacologically acceptable acid addition salts are useful as sedatives, tranguilizers and muscle relaxants in mammals and birds, and if X.dbd_X".dbd.Cl or Br
they are useful as intermediates for cyano, alkylthio and dialkylamino products of high sedative and tranquilizing activity.

3. RE029934 DERIVATIVES OF 5-CARBAMOYLOXYMETHYL-3-SUBSTITUTED-2-0XAZOLIDINONES, PROCESS OF PREPARATION THEREOF AND THERAPEUTIC APPLICATION Us-13.03.1979
Int.Class CO7D 295/20 (Z) Appl.No 05663563  Applicant Delalande 8. A.  Inventor Fauran Claude P.

A compound of the formula ##STR1## [..in which R is H, halogen, alkyl having 1 to 4 carbon atoms or trifluoromethyl, and R.sub.1 and R.sub.2 each is H or dialkylaminoalkyl or together with N comprise methylpiperazino.];. ladd.in
which [1] ladd. ##5TR2## |addend. is -NH.sub.2 and Ris H, m-CH.sub.3, 0-CF.sub.3, m-CL, p-Cl, m-Br, m-F, p-F, o-F, p-CH.sub.3 or m-CH.sub.3, or ladd. ##STR3## laddend. and Ris H. m-CF.sub.3 or m-F, or .ladd. ##5TR4## laddend.

and R is H. m-CFsub.3 or m-F. PAL The compound is prepared by treating the corresponding 5-hydroxyrethyl compound with ammonia or an amine in the presence of phosgene. PAL The compounds possess anti-depressive,
myorelaxing, tranguilizing, sedative, analgesic, anti-convulsive, anti-pyretic, anti-inflammatory and uricosuric activities.

4. 4146518 FIBERS, FILTER RODS AND OTHER NONWOVEN ARTICLES MADE FROM POLY[1,2-PROPYLENE TEREPHTHALATE]COPOLYESTERS OF TEREPHTHALIC ACID, 1,2-PROPYLENE UsS-2003.1979
GLYCOL AND ETHYLENE GLYCOL
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Query Hits XSS

The XSS search brings 70 Nicotine 70 hits
Markush hits after 30 minutes '
(batch mode), which in turn are
referred by 132 distinct patent
documents
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=> |f you don’t find what you are "
looking for, use the IC Editor to
make the search more generic:

Nicotine can be made more iy
generic with:
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=> Specify generic node

properties with IC Edit to get more

focused results:
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Query XSS-Hits SSS- Hits

Case study 2: peptides

Searching peptides in Markush structures?
yes, you can! 1
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query XSS hits SSS hits
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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
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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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