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From molecules towards patents
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A journey to Markush-land

* Departure

* Markush structures: What are they?
e Getting them,
e Enumeration,

« Storage, search

* Arrival: Recent developments, plans
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Departure — ChemAXxon

Cheminformatics toolkits and applications
HQ: Budapest, Hungary

Founded: 1998

Main customers: pharma, biotech, publishing

3rd party applications and web sites.
(e.g. Integrity, Reaxis, PDB ligand search, ELN-s,
registration systems, etc)
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Departure — ChemAXxon

Main products:

— Structure drawing & visualization (Marvin family) "@:
[ gp—

— Chemical DB tools (JChem family) - :"’
— Property predictions (Calculator plugins) (i
— Drug discovery tools (Reactor, JKlustor, etc.) r%“— -
o
'l::::' E_'.,-"

Development strategy: customer-driven
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Departure — Initial status

2005

e Chemical Drawing, DB tools
— molecule, reaction and query structrures
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e Customers needed Markush funcionality,
especially patents.
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What are Markush structures

and how to get them?



Markush structures

Generic notation for describing many molecules
(= Markush library) in a compact form.

Main usage:
— Combinatorial chemistry
— Chemistry-related patents

CH |

r CH3
3 j
[
3

United States Patent
Bitonti et al.

(111 Patent Number:
451 Date of Patent:

5,681,863
Oct. 28, 1997

[54]

(751

[73] Assi

121
[22]

[621

[51]
[52]
[58]

[56]

NON-METABOLIZABLE CLOMIPHENE
ANALOGS FOR TREATMENT OF
TAMOXIFEN-RESISTANT TUMORS

Inventors: Alan J. Bitonti, Maincville; Russell J.
Baomann, Cincinnati, both of Ohio

Merrell th Inc.,
Cincinnati, Ohio

Appl. No.: 350,192
Filed: Dec. 5, 1994
Related U.S. Application Data

Division of Ser. No. 196,817, Feb. 10, 1994, Pat. No.
5,410,080, which is a continuation of Ser. No, 943,305, Sep.
15, 1992, abandoned.

A61K 31135
S14/648; 514/649
514/648, 649

3,631,100 121971 O'Segaetal ..
4,606,040 9/1987 Toivala et
4,839,155  6/1989 McCague .
5,114,951  5/1992 King et al.
5130424 771992 Weintraub ......

Primary Examiner—Jerome D. Goldberg
Arntorney, Agent, or Firm—Nelsen L. Lentz

1571 ABSTRACT
Compounds of the formula:

cl
Rl_f e @ @
Ry :

wherein R, and R, are each selected from the group con-
sisting of C,~C;, lower alkyl: X is NH or §; and n is a whole
number within the range of 1-4 inclusive: and when n=0), X
is (CH,), and the pharmaceutically acceptable salts thereof
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Markush structures

 Current features handled:
— R-groups

— Atom lists, bond lists ‘P\f . f‘ " S

— Position variation bond . OO o
- Llnk nOdeS [I:.N.I:I]L - T
— Repeating units
M,C hetero Cycie oH alkyl a:}f.f
— Homology groups e o
aryl, alkyl, etc. N T
( y y ) YC’ W atkynyt eyeloAlkyl
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How to get Markush structures?

 Drawing — Marvin Sketch  worrmrr=ra

rm Bond  Structure  Tools  Help
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R Selection
e cut "L T
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1% | Copy ow-C pz 9
Copy AE,. O o
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R2 = &l
@Group... QG \&/ H CHS

n Add Explicit Hydrogens
Remane ] g

N Data... @A Template Library

Transform
Fermat.. Absolute Steren (CHIRAL] Hle Groups Help
Add ta My Ternplates LallEeney D Generic
. [ Rings alkyl alkenyl alkynyl g
g [ amino Acids :
/\/\/I\ D Aromatics
B [ Bicyclics ;
[ eridged Polyeyclies |2 fetermAnd (itmiede LT f=dbici

D Crowen Ethers
[ cycloalkanes ;
[ Heterocycles i alogen v protecting e
[ Palyeyclics B

D Homology Groups

D Wty Templates
acthinids lanthanide otherfstal metal

transitionMetal acyl alalifetal

ChemAxon




How to get Markush structures?

e Patent literature

@8 62mrk001.vmn - MarvinSketch 5.3.0

Edit  Yiew lnsn_art' Aktom Bond  Structure  Tools  Help
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How to get Markush structures?

Combinatorial chemistry — Reagent clipping
1. Replace reacting group with attachment point

2. Turn fragments to R-group definitions

3. Add a scaffold

out_|
flle Edit View Insert atom Bond Structure Tocls Help
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How to get Markush structures?

Combinatorial chemistry — R-group decomposition
1. Filter and identify ligands in chemical library
2. Create Markush structure from R-table

Ri & STDIN - MarvinVie... [= |[B]X]

& MarvinView 5.2.4
File Edit View Table Tools Help File Edit View Table Tools Help
T T 3 b o o

FY

1 [ = Bl
P N
N R2 ® - R1 R2 = b
Wi . w2
ncil00,sdf - MaryinView 5.... [= |[2][® * - = - & ~ o
" g ; : el S gl W e
It dew T 5K iy N MG M
e S NH,, a | ol
: - x * = Ho
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What to do with them?



Markush Enumeration

e Markush enumeration ~— . -
plugin O
— Full enumeration R
— Selected parts only R G [ s P |l @j T

File  Edit  Wiew ble
N

3 | 4 | 5

CH, CH, CH
- S N l\
R / = Ehe (R
KT @

o| M 1cly I - < OH|
HH ~F SN N n HN =
0

Il 1]
a o

Markush library size = 4

— Random enumeration i ) )
. . o _CH _CH,
— Calculate library size *j@ o e f;
. HN R2 Rl= H,C—CH 0 NP;N--- A o F\iq. P _o
— Scaffold alignment ;94 TV YT
and coloring T B
— Markush code - | | STl WA
— Optional example o
homology group g, LY W]
enumeration N
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Markush storage & search

JChem Base and
Instant JChem

No enumeration

iInvolved

Can handle

complex Markush
structures (1040

or more)

@ Instant JChem 2.
File Edit Yew Search Data Llists Tooks ‘Window Help

S FEEEE T

[ db & 12 18 F s Resebtindows

\:Projects [ijc-project-demo] a0 x || welcome x| ‘L"s Grid view far Markush_table = |
L @ lacaldb [as admin] oevfrone | B 2 AHE @8 88w 01%
=8 Pubchem demo — -
i@ Pubchem grid view ‘ cdid Markwsh structure ShowHide R-groups Lbrary Size Library size {calculated)
i Pubchem tabular Form [
Pubchem single tecard Form R1 e
o2 Wombat {compound visw) L 1 H N 2,735,568.00
7o Wombat (activitites view) L
o Marlush_table i L7 e
~[@ Grid view For Markush_table o]
® Eg test [Init in progress] o Erpr—
[ README bxt
~[8 newsasicstandarder szr e
@ newRemaveSolventsStandardizer szr /,
[& newsampleStandardizer sz z z [c.n L\ 2,445,552.00
[& newTransformsStandardizer.szr HK a2
R1
:Query - Grid view for Markush_table a0 x "1 5334096
Recent queries. ., ~ Domain| v R2
AND Markush_table
= Markush struckure 3 4 5,934,086.00
i [Err e u
= il H R2
ptions: [w] Z R
Retum non-hits [_]
= 7834640000
. el S Ri. RI |
[Chem Temns: .. | \
4 s O 7.83609
R3 L RE00"
cn -
el Clear Query ] [ =l show al ] [ 2L Run Query tarkush_table: 5 ouk of 5 rows,
3

Substructure and Full structure search

Basic query features supported
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Markush storage & search

Substructure hit visualization

\NAO

[

R
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alkyt R21 = e w2 SN F”\O/%
. )Q&RZZ !
N o
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Markush storage & search

Substructure hit visualization:
Markush structure reduction”

q
RI R
= oy
R3 L Rs00 R1=
o R1 O alky! eyclaAlky!
o N byl v
R1 ( )
. Q S RiI RI1
R22  R22— H
z R
aliyt R21 = s N ~; /%O S B
}Q& N R3= | amp
R22
- " o Frp *
N o= - o= - %
- = Cl M RE00"
o s} o
>, . R N Ny . ]
RS T TN - s o
s=6 . .
~ - —_ R500 = e —_
@ R21 R3=—N 0=s

: Resultin Reduced result °=L=0
@ original

©_
©_ Markush
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What's new

Template Library

* Homology groups ™=« e

— 19 built-in groups

« Marvin templates for D ot o émw menOmh oAl feie
easier sketching D oroalianes |

D Heterocycles = halogen X profecting wntmown
. [ Poleyclics
— Customizable: DHsmon |
. Examples (for built-in groups),

» User-defined homology groups s on s

* Import reagent files as R-groups

* Position variation and Repeating units

t\_m ﬁ ht
) { N— ﬁ 357
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Demo

Instant JChem

o Gewch Dats Lt

Took Mindow Help

e PR ESAS XBED

Enumeration optians

wielome x| (@ Grid view For Markush 2 = |

© Ful enumeration

Query [Browse| »E B

@ fiidam ermeratior]

Markush rech

.. |arkush structure.

Library size:
Max structures:

[ outpt tofie

Display options.
[ 28]
Colunns: | 2%

[Jshow R-groups

Rows:

Full srumeration o thi structurs
produces 50,352,640 structures

Enumerate

100 struchires enumersted

Rl

R1

503405

R2

Filoupue B8 Query As Text Noauery] S Query buider [ Lists and aueries (51 Projects —

7834640000

Markush_z: 6 out of 6 rons,

K3

His 9

Hitcolorng 5 At | Hisiopenent ¥

51 Shouw Markush s redacion e 8 i of the lct query.
] Shewr K-graup defimsns of Murkach sroctres

€ DR ke P D i -

B - A
S okl
kst

-3
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xd

S Gt <L @ - Y kb P - % ik - 8] T - A
[irp—— ]
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Page 111 A
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Vi Wuon o Bard St Taas

CAA= E | =
T Mas b Jme

[REE e —

Congions

)
C e

- i
[

s

@ s

T pres—p—"

(88 Markush Enumeration: mas. 84 out of 84 structures

Fle Edt Vew Tebls Took Hep ‘
1 I z 3 i a
cH cH cH
I~ 4 )\ PS
COLO0OL . SO
R TR I e
] 1] Il
o o L]
] ¥: 8 |
CH, OH. H.
(@ Markush Enumeration
Markush library size = 84
R1
i 15
% CH, T
e L *
b3
Hi e -
R2 R1= ,C—CH,

Select

Click here...
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Main use cases

e Patent search hits refining,

* White space analysis,

e Markush structure curation,

* |In-house storage of small Markush DB,

* elc...
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Under development

* .VMN import (Derwent World Patent Index)

 Homology variation queries (narrow translation)
¢ Maximum common substructure search

* Biased enumeration

* All Markush features of .VMN format

e Overlap analysis of Markush structures

e Conditions for Markush variables
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Future work for the community

« Lack of open Markush file format standards.
« Community needs patent Markush data.

« Call for Markush patent content holders to
make data accessible.

e Solution?
— InChl or CML(XML) extensions?
— Open up existing format specifications?
— ?7?
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Summary

« Markush structure storage, search and
enumeration at ChemAxon now reaching

patent coverage

e Continuous development, improvements in
the pipeline
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Interested?

* We are looking for further early adopters

e Currently running individual projects with

pharma companies to test and enhance
functionality.

 |f you are interested, please contact us.
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