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Available Chemical Information
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Representations of Chemical Compounds

= Name (trivial, trade, brand, INN, USAN)

= Registration numbers (CAS, NCI, Belilstein)

= Formal description (sum formula, SMILES)

= Chemical nomenclature (IUPAC, CAS, InChl)

= Depictions
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Example: Aspirin

= Name: Acetylsalicylic acid, Aspirin, Bayer, Colfarit, Dolean PH 8, Duramax,
Ecotrin, ...

= CAS: 50-78-2, SID: 35870,

= Formula: COH804

= [UPAC Name: 2-acetoxybenzoic acid

= SMILES: CC(=0)OC1=CC=CC=C1C(=0)O

= InChl: 1.12Beta/C9H804/c1-6(10)13-8-5-3-2-4-7(8)9(11)12/h1H3,2-

5H,(H,11,12) ;
= Depiction: O 0
H H
0 I
H
O
H H
H
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Information Extraction Methods

= Names =  Dictionary based
= Registration numbers =  Databases
= Formal descriptions =  Rule based
= Depictions =  chemical OCR
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Representing a Chemical Compound

How much information do you want to include?

Atoms present » OH

Connections between atoms

v

= bond types

= |sotopes . 1
CH,
| + E O
- S HN— CH <
= Stereochemical configuration gN = CH
f O
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Modeling of Chemicals as Graphs

Why use graph theory?

Established mathematical field

Graphs can be easily represented in computers

Existing algorithms for comparison, searching, etc.

Unlike humans, computers aren’t very good at pattern

recognition

COOH

Fraunhofer | .. . 3" Text Mining Symposium in Life Sciences, October 13, 2005 page 7

Algorithmen und Wissen- Marc Zimmermann
schaftliches Rechnen



Computer Representation

A typical example

: MDL MOL file (SDF)

L-Alanine (13C)
GSMACCS-II10169115362D 1 10366 ). 00000 ]
5 0o 1 3 V2000
-0.6622 0.5342 0.0000 o o 2z )0
0.6622 -0.3000 0.0000 0 0 ) I
-0.7207 0817 0.0000 ¢ 1 0 ) )0
-1.8622 -0.3695 0.0000 N 0 3 ) I
0 -1.8037 0.o0000 O 0o 0 ) )0
1 1.4244 0.o0000 O 0 5 ) I

B2 s = =
1T O LN o= L - .
el il
I

Blocks not used in
this Ctab: List block,
Stext block

Header block

Counts line

Atom block

Bond block

Properties
block

Connection
lable (Ctab)

For more information on MDL formats, see http://www.mdl.com/downloads/public/ctfile/ctfile.jsp
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http://www.mdl.com/downloads/public/ctfile/ctfile.jsp

Disadvantages of Using Graphs

Many graph algorithms are inherently slow
Analogy between chemical structures and graphs is not perfect
Realities of chemical structures cause problems

aromaticity

stereochemistry

tautomerism

Inorganic compounds
macromolecules and polymers
incompletely-defined substances

Fraunhofer institut

Algorithmen und Wissen-

schaftliches Rechnen

3" Text Mining Symposium in Life Sciences, October 13, 2005
Marc Zimmermann

page 9



Good News

There is only a limited number of chemical drawing tools

(these are using templates):

ChemDraw (CambridgeSoft)
ChemSketch (ACD)
ISISdraw (MDL)

JAVA applets (ChemAxon)

= Reduced complexity
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chemOCR: Reconstruction of Chemical Compounds

‘ Document Depiction

Pravastatin Sodium

Ssarch Monographs

- JOH
nat “ooc” N

o The Merck Index

a - THE MERCK INDE X% I  irademark of Merck & Compary

H Incarperstad, Whishcuss Staton, Now Jorsey, LSA srd 15
B oo inanes St o b VAt

Ha” 0

8 H Publishe originaly a Tha Merch Indsx, Thieanth Ediiicn,

= CH: Copmate o 301200 by ok .. . o

o A0yt o e
et 1y oo T e ot it
Al eptan st poknof Mo

" 5 MERCK ambri

Monograph Number: 0007800

Title: Fravastatin sodium

CAS RegISITy Number: 21131-70-6

CAS Name: (3R,5R,15.25,65,85,8aR)-1,2,6.7.8,8a-Hexahydro-§,3,6-rihydroxy- 2-methyl-8-[(2 5)-2-methyl-1-
cxobutary]-1-naphthalensheptanolc acld monosodium s4lt

Additional Names: sodium (+)-(3R5/-3.5-dinydrony-7-[1 5.2 5.65.85 8- 6- hy droxy-2-methyl-8-[(5)-2-
methylbutyryloxy]-1.2,5,7.8,8a-nexalydro-1-naphtiylneptanoate; eptastatin sodium; 33-hydroxycompactin
SOCILIM Sl

Manufacturers' Codes: CS-514; S0-31000

Trademarks: Ellsor (EristolkMysrs Squibbi; Lipostat (Bristol-Myers Squibt); Liprevil (Schwarz); Mevalatin
(Sankyo); Cliprevin (Erstol-Myers Squibb); Fravachol (Bristol-Myers Squibb); Pravaselect Menarini);
Pravasin (Bristol-Myers Squibb); Selectin (Bristol-Myers Squibti; Selipran (Eristal-Myers Squibki: Vasten
(Specla)

Molecular Formula: Cg;H;Nac, 0
Molacular Welght: 448.51.

Percent Composition: ©61.87%, H 7.90%, Na 5.15%, O 25.08%

Literature References: HMG-CoA reductase Inhibltor; bloactive metabollte of mevastatin, g.v. Prepn by

microblal hydroxylation: A. Terahara, M. Tanaka. DE 3122409; aidgem, US 4346227 (1951, 1982 both to

Sarnkyo); N. Serlzawa ef al, J. AmiDiof. 36, 504 (1983). Structure elucldation: H. Haruyama af af, Cham.

FRanm. Bu. 34, 1450 (1986). EMSCt 0N SEFUM IpId CONCENTation: N. Makaya af &, AMersclernsss 61, 125 81S- 092303150720

(1926); on hepatic metabolism of cholesterol: E. Relhner af al, N. Engi. J. Med 323, 224 (1990). Clinlcal
comparison with probucel, g.v.: G. Yoshing ef al. Lancet 2, 740 (1925). Clinical reduction of risk of major

272900000 0 0 0999 V2000

cardiovascular events In patlents with coronary hear disease: LIPID Study Group, &, Engl. J. Med 338, 1349 -0.9348 -0.4000 0.0000C 0 0 0O0O0O0O0O QOO0
(1928). Clinlcal effect on risk of stroke: H. D. White o al.. id 343, 317 (2000). -0.9359 -1.2274 0.0000C 0 0000000000
Propertles: Odoress, white to off-white, fine or crystaline powder. uv max imethanol): 230, 237, 245 nm 02211 -1.6402 0.0000C 0 0 0000000000
S0l In mathanol, water: sightly sol In Isopropanol. Practically Insol In acetone, acetonitrile. chioroform, ether 0.4953 -1.2269 0.0000C 0 0 0 00 O0O0OO0OO OO
ADSOTPLION MaXIMUM: UV Max (Methanal): 230, 237, 245 nm 0.4925 -0.3964 0.0000C 0 00000000000
-0.2229 0.0128 0.0000C 0 0 00 00O0D0O0O0O0TO
Derlvative Type: Lactone 1.0750 -1.8084 0.0000C 00 0000000000
Molecular Formula: Cy;HyO; 1.0708 -2.6334 0.0000C 00000000000 0O0
Molecular Welght: 408.51. 1.7875 -1.3917 0.0000C 0 0 0 0000000 00
Parcent Composition: C 67.96%, H 8.43%, O 23.61% 2.5042 -1.8034 0.0000C 0 0000 00000O0O
Propertles: Colorless plate crystals, mp 138-142°, [a]y® +194.0° (c = 0.51 In methanal). uv max (methanol): 3.2162 -1.3874 0.0000C 0 0 0000000000
230, 237, 245 nm. 3.2120 -0.5611 0.0000C 00 00000O0O0O0O0O
Melting point: mp 138-142° 2.4899 -0.1526 0.0000C 0000 000000 00
optical Rotatlon: [z],2 +194.0° (¢ = 0,51 In mathanol) C 1.7808 -0.5709 0.0000C 000000000000
Absorption maximum: v max (methanal): 230, 237, 245 nm 4.0042 -0.3417 0.0000N 000000000000
4.0083 -1.5959 0.0000N 003 00000O0O0O0TO0
Therap-Cat: Antilpemic. 4.4125 -1.0542 0.0000C 000000000000
52375 -1.0542 0.0000N 000000000000
0.4792 -3.2167 0.0000C 00 000000O0O0O0O
4.2167 -2.3917 0.00008 0 03000000000
5.0125 -2.1750 0.00000 0000 0O00O0O0O0OO
3.4167 -2.6042 0.00000 000000000000
4.4292 -3.1875 0.0000C 003 00000000O0TO0
5.2250 -3.4000 0.0000C 000000000000
4.0125 -3.9000 0.0000C 000000O0O0O0O0OO
-0.3458 -3.2125 0.00000 0000000000 00
0.8875 -3.9292 0.0000N 00 000000O0O0O0O
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CSR (Compound Structure Reconstruction)

page image
_raster segmen- preproces
Images tation sing

vectorizer

vector
grouping

component
classifier

line

approx.

filter
module

graph
matcher

chemical
rules
module

common
fragments
module
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Preprocessing Steps

= Page segmentation

= |mage extraction

= |mage conversion (image
restauration, adaptive

binarization ...)

‘WHO Drug Information, Vol. 18, No. 1, 2004

Recommended INN: List 51

exenatidum
exenatide

exanatide

exenatida

firocoxibum
firocoxib

firocoxib

firocoxib

fispemifenum
fispemifene

fispémiténe

fispemiteno

L-histidylglycy +L-glutamylglycyk_-threonykL-phenylalany L-threonyl
L-serykL-asparlyk L-leucy-L-serykL-lysyk L-glutaminy+L-methionyk
L-glutamyk L-glutamytL-glutamykL-alanyl--valyk L-arginykL-leucy
L-phenylalanybL-isoleucykL-glutamykL- ryptophyl-L-leucy rL-lysyk

7 I 1 Jany)

proly
L-prolykL-prolybL-prolykL serinamide
exendine 4 (Heloderma suspectum, synthétique
L-histidikglicil-L-ghutamilglicil-L-treonil-L-fenilalanil-L-treonil-Lseril-
L-asparti-L-leuci-L-seril-L-lisik-L-glutaminil-L-meticni-L-glutamil-
L-glutamil-L-glutamil-L-alanil-L-vaii-L-arginik L-leucil-L-fenilalanil-
L-isoleucil L-glutamik L-triptofik - leucil-L-lisi--asparaginilgicilgiicik-
L-proli-Leril-L-seriglicil- L-alanil-L-prolil-L-proii-L-prolil-L-serinamida
Cre HosolNeo QoS
HHis=Gly = G~ Gly—Thr = Phe —Th - Ser —Asp ~LeL-Ser ~Lys =G In-Met =
0
G- Glu=Glu—Ala=Val—Arg ~L eu—Phe—Ib~Glu=Trp ~Leu~Lys—Asn —
By

Gly—Gly —Pro-Ser—Ser—Giy —Ala—Pro—Pro—Pro—Ser—NH;
) ®

3-{cyciopropy y)-5,5 dimethyhd- (4 -
phenylfuran-2(5H)-cne

3-{cyciopropy y)-5,5ciméthyhd- (4 -
phénylfuran-2(5H)-cne

3-{ciclopropilmetoxi)-5,5 dimetik- 4-[4-(metilsulfonillenifuran -2(5 H)-
ona

Cl Q. COOH
(\N/\\/ ~
.

2-(2{4-{(12)-4<hlore-1,2-diphenylbut-1-enyljphenoxy)=
athoxy)ethanol

2.[2-[4-{{12)-4-chloro-1,2-diphénylbut-1-ényllph éncxy k-
éthoxyléthanol

2-(2-{4-[(12)-4<loro-1,2-ditenilbut- 1-anillfenoxi}atoxi) etanol

SCAI
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Connected Component Analysis

= Building an image tree

= Using nested TreeMaps

o (=)= )]
L orig IImageK\N/ & o TheCIustered.J_rgrE\qug,Tree a5 ]
| | | . | R
QNG CNANMGS AV UG C N
| = o | o7 | o | e |
g o= \Oj ° 2y NS e ( o g \Oj
@] @] (i)
13 C LU 3D C CEls (T Yac ¢
PG KN Jd N BT L L L
o 5/0 w o 0 o o o e o 5 Lo o '
TS MO ¢ i
\Lo o o) o 0 - g o) b b
o Hm‘?/\ﬁﬁ o o H | H
HO™ 0 HO ©
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Component Classification

@ Rasterimage @ Extract features

HO. I
OH
NH,
I (o]

CS5R believes the selected part

is a CHIRAL EOND.
‘ Classify it as NOM- CHIRAL BOND?
2 Yes Mo
Chiral L =

o

Bond
@ Classify @ Manual curation
Fraunhofer | ... 3" Text Mining Symposium in Life Sciences, October 13, 2005 page 15
Algorithmen und Wissen- Marc Zimmermann

schaftliches Rechnen



Atomtype Reconstruction

@ Train new characters @ Expand superatoms
2 F
Database Extension [z]
You have curated the selected part ‘ F
as a character N

Do you want to permanently learn this?

/k/\ﬂ/ Ies

@ Define new superatoms

B3 VR S SN S SR
- Characters for this component: Label for Superatom : COOH| -
= |COOH | SMILES-String * : CO=0 -
Number of Attachment Atom: |1
Ok Cancel
Edit Cancel
Fraunhofer | .. . 3" Text Mining Symposium in Life Sciences, October 13, 2005 page 16
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Vectorization

Fixing vectorization errors using relative neighborhood graphs

S Y 7
—_—— e

Antiparallel double bonds

Fixing bond lengths

Dubious links

Fraunhofer | .. . 3" Text Mining Symposium in Life Sciences, October 13, 2005 page 17
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Graph Matching

= Using a line graph representation i
= Searching for subgraph isomorphism Y oo @ Slies
| 5 8 s

Database with common fragments

\
P
R
5
P
—
N
P
-
-
(-
—
-
N
-
4 /
\
ham
¢
A e
L Y
N/
N/
I
S
U‘ <:8 D

Decomposition network for fragments

= Recognizing new fragments beliieces/ MGG NG,
O oS50~V
CHS/O\\JJ/‘}Q\
= Still needed: mapping bridged ring systems SN
", _CH
OGN
Fraunhofer | ... 3 Text Mining Symposium in Life Sciences, October 13, 2005 page 18
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Manual Curation of Errors

File Workflow Yiew Help

| Loaded Image | Blured Image | Text-Masked Image | Vector Graph

File

1] Il

[ ]

4]

o S)

Edit Yiew |Insert Tools Help

H C M O F React Select Erase Paste Undo [edo
]

Zoam

- EYH

G

=)

Input image:

Mumber of bond length changes:
Mumber of bond deletions:
Mumber of multiple bonds merged:
Number of bonds connected:
Reconstruction scoring:

SMILES string:

IUPAC name:

InChl identifier:

i- Chemical Structure Reconstruction - reachy ..

Fraunhofer institut
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Post Processing

MarvinView

Workflow plugin technology T

= 2D beautify
= File format conversion

= 2D to 3D conversion

= Name generation

= Property calculation / prediction L J
|
Input image: fhome/marc/workspace, CS5R_MNew, exam...
Mumber of bond length changes: 2
Mumber of multiple bonds merged: i
Reconstruction scoring: 1
SMILES string: CHMCCC{OClcooicc ) CRhih o2 coooc?
IUPAC name:
InChl identifier InChl=1,C1¥H18F3N0O/c1-21-12-11-1..
|_|_HHH
|1 HiH
Fraunhofer | .. . 3" Text Mining Symposium in Life Sciences, October 13, 2005 page 20
Algorithmen und Wissen- Marc Zimmermann

schaftliches Rechnen



A Real Challenge (coming soon)

= Data set with ~10.000 depictions of natural products
= We will train our machine learning methods
= We will incorporate the CSR workflow into a grid service

= We will add a database interface

“*0GOCH=CHPh )= H
i‘:."-. _,-"' 'D

But we need more real training sets...

(i.e. pictures and the solved structure)
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Future Works

Incompletely-defined substances:

= unknown stereochemistry

= unknown attachment position

. NH
= unknown repetition

Cl
OH

| b
TTHEH
SCAI
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Markush (“Generic”) Structures and Reaction Schemes

shorthand for describing sets of structures with common features
structures with R-groups

very important in chemical patents

can be used to describe combinatorial libraries

can be used as queries in database searches

OH

R2 R1
P : *

= g4
RI= ¢ Br 17
*
AN * *
R2= -CH ~ _CH, CH, _CH
H 3 3
R, CH, "CHy  “cH, ‘cH, °
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The Mission: Combination of CSR and Text Mining

United States Patent

Daugan

USDOSSSI0RA
(111 Patent Number:
[45] Date of Patent:

5,859,006
Jan. 12, 1999

[54] TETRACYCLIC DERIVATIVES; PROCESS
OF PREPARATION AND USE
175] Teventor: Alain Clade-Marie Daugan, Les Ulis,

rance

173 Assignee: BOOS Corparation, Bothell, Wash
[21]  Appl. Mo 669,189
122] BOT Filed: Jan, 18, 1895
[86] PCT Mo FCT/EIS00183
§371 Duse: Jul 17, 199
§ 102ic) Date: Julk 17, 1996
[87) POT Pub. Noo WOSE 19978
PCT Pub. Date: Jul 27, 1993
130] Forelgn Application Priority Data
Jan. 20, 1994 [GB]  United Kingdom O
[51] Int €LY ADIN 488, ADIN 4343,

COTD 241/36; COTD 47140
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compound of formula (1)

o
N—R
* |
N &
R :
" W ]

ot ot VT e PR

attached to the re
ring carbon at:

¢ of the benrcne
and wherein the fused ring A is a 5- or

of the molecule via ¢

tmembered ring which may be saiursied or pastially o

fully unsaturaiod and comp i opiionally
e O TWi selected from oxvgen, sulphus asd
trogen; and

RY represents hydrogen or C, alkyl, or R® amd R*
torgetber represcnl a - or -membered alkyl of alkeny]
chain

Image Analysis /

Structure Reconstruction

[

-CH3
-CH2-CH3

nhibitor of cyclic guanosine 3, S-monophasphaic spe-
cific phisphod iMP specific POE) having
wility in a varicty of therapeslic areas where such|
inhibition is boneficial, mchuding the troatment of car

15 Clalms, No Drawings

> -CH2-CNHS

B

-COOH
—— > Cytochrome inhibition
— > PPAR activation
—_—

Stability in serum
Side effect
Blood-brain-barrier

Text Analysis /
Entity Recognition

vz | ‘ ’\";““CHB
AN . x
"¢ * PPAR activation
SSw O
Cytochrome inhibition
w\—w<~CH2-CNHS
Stability in serum

o

S w G@ney
I\‘ . X \'H;i-

woe Side effect

Reconstruction of
Published Chem-, Pharm-
and PatentSpace
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The Team (in the order of appearance)

Marc Zimmermann

Tanja Fey
Le Thuy Bui Thi
Christoph Friedrich

Yuan Wang

Maria-Elena Algorri

Miguel Alvarez
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CSR Software Demo available

Chemical Structure Recognition v0.43

contact

Marc Zimmermann darcZimmermann@scal.fraunhofer.dey
Fraunhofer Gesellschaft FhiG)
53754 5t Augustin, Germany

copyright: Fhi 5CAl 2004

OK

CSR can extract chemical depictions from various image sources and convert
them into SMILES and SD files, which can be further used in nearly all chemical
software; it allows for the modification of reconstructed molecules by a structure
editor; it maintains the superatom and bond (single, double, triple, or chiral)
information; and it accepts user curation in each stage and scoring schema to
Improve its performance.

| b
TTHEH
SCAI
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