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Available Chemical Information

Textbooks

Reports

Patents

Databases

Websites

Scientific journals and publications
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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: 0 0
q H
0 I
”Hf
° 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 > 14
CH,
! v 0O
= Stereochemical configuration 3
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

Similar
or

Same?
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Computer Representation

A typical example: MDL MOL file (SDF)

L-Alanine (13C)
AOCS-TTI1016891158362 1 10366 L 00000 \ - ]
SSMACCS-TII10169115362D0 1 ] Header block
5 o 1 0 3 w2000 .
A oo L S . — Counts line
-0.6622 0.5342 0D.0000 C o o Zz )0
D.6622 -0.3000 0.0000 a0 ) ) 0
=-0.7207 081 O.0000 1 0 | | 0 [
- 0.0000 N . - Atom block
0 20 - D.0000 O o 0 ) 0 :
. ! e - - Connection

— lable (Ctab)

Bond block

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

M CHGC 2 4 1 & -1 Blocks not used in )
M 186 1 3 13 this Ctab: List block, Properties
Stext block block

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
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Good News

There is only a limited number of chemical drawing tools

(and 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

e —
- 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)

_ A Configure Workflow
" page image connected component . TR
raster segmen- preproces components classifier rase i nder earet
Images tation sing

Extract connected com
image.

Connected Components

Identify compaonents th
Tag Text text areas

5 5 Identify chirals which a
v v Tag Thick Chirals thick wedges.

Comvert hitrmap into we

super- OCR B
] Tag Dowed Chiral Group single lines of d

atoms ZOFROIE Lzl into one wectar,

[v] Vectorize Image

molecular
graph
converter

approx.
graph
matcher

Group single lines of d
[v| Tag Double Bonds triple bonds into one

-

Canwert the hitmap et
characters using OCR.
Cluster single characte
superatoms.

A OCR

s-atom
database

Chemlcal [v] Cluster Text
rules

module

common
fragments
module

) Assemble the chemica
Create Chemical Graph the letters and wectors

machine

Comvert the chemical g

|earn|ng [v] Create Molecule -
tool

Campare the recanstrL
malecule 10 a collectior

Campare the recanstr
molecule to a preloade

Open the Marvin mole:

Validate reconstruction

CcomPare 1o reference

[v] Marvin Editor = o, —
A 4
machine manual chemical Generate an IUPAC ide
. o . . molecule [JIUPAC name recanstructed molecule
|eal’nll’lg M Curat'on Cartrldge Generate an InChl ider
t00| t00| database v/ InChl name reconstructed moleculs
view in 3D gﬁ:gﬂimamn B
-- =zelect image --
| All || Mone || Defaults || eXecute
|1 B
|| HH
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Preprocessing Steps

= Page segmentation
= |mage extraction
= |mage conversion (image

restauration, adaptive

Image Viewer

binarization ...)

LS A0300842L0 A1

—

| Get selected images |

%
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Connected Component Analysis

= Building an image tree e

[ Loaded Image ¢1) | Connected Components (1) |

= Using adaptive nested TreeMaps :

COOH

CHg : CHa

T

HO
(C) Fhio SCA| 2006 Jfhomej/marc fworkspace /CSR_Mew/examples/042 _screen.bmp

[%] Connected Components

. I Chemical Structure Eeconstruction - readhy. ..
[ 1 _HHH
I H
SCAI
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Component Classification

@ Rasterimage

@ Extract features

@® cCilassify as...
= Single bonds

= Thick chirals
= Dotted chirals

= Text

@ Manual curation

“ Chemical Structure Req
File Workflow VYiew Help

[ Reconstruction... (3) r Image... {3 | :
r Loaded Image (3) r Connected Components (3) | §§

CooH

HzC

H

(C) Fhio SCAl 2006 fhomefmarc fworkspace /CSE_Mew,/examples,/ 042 _screen.bmp

[%] Tagged Characters
[#] Tagged Thick Chirals
[#] Extracted Wectors

[%] Tagged Dotted Chirals
[%] Tagged Double Bonds
[#] OCR. Of Letters

. | Chemical Structure Feconstruction - ready:..
1 3
I H
SCAI
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Atomtype Reconstruction

@ Train new characters

Database Extension

@ Expand superatoms

chemical

J\/\ﬂ/

@ Define new superatoms
(]

Character Curator.

intelligent
OCR
_/

SAtomGroup.sdf - MarvinView

File Edit View Table Tools Help
10

- Characters for this component: Rl O — H
- |CDDH 1\\ \‘(

(=)E)]

b

2 F
(%]
You have curated the selected part ‘ F
a% a character M
Do you want to permanently learn this?
Need of a

F

Ok Cancel
\ O
s synonyms: COOH HOOC HO2C |-
|_L_HH
SCAI
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Vectorization

Fixing vectorization errors using relative neighborhood graphs

DR
e

Antiparallel double bonds

Fixing bond lengths
g g Need ofa )
chemical
Dubious links intelligent
vectorizer
_/
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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
-
/
\
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/C’“JJ/ S

= Graph matching a solution for aa

- . - ’ //CHE
mapping bridged ring systems i Lo
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Manual Curation of Errors

_Eile Workflow View Help
| Loaded Image | Blured Image | Text-Masked Image | Vector Graph }E“E Edit ¥iew [nsert Tools Help
~— k= H C N O F Reat Selitt Erase Pac_jsctje Undo fedo Zoom 2
| i | OH  OH -+ P s a9 E & A ETY :
sl 0 Er
0 [ N TY e [Fwe™ O 8 o QO O <O
= I | ] ] >
I - | e ]
. = Hl 0 0
[“’Ho—.u— N J (e N 4
8] 0 0 0 (1]
) ﬁ L ) (F . '
(P i \ H ; C
a 0 AP o 0 0 0 ; I/J T
1 | It T =
o
; i ! 2 Editing i
& il i Vg bonds
:;\
e,
HO u] Input image: Jhome/marc/ workspace; CSR_Mew/ exam...
Mumber of bond length changes: 20
Mumber of bond deletions: 4
Mumber of multiple bonds merged:
Number of bonds connected: 20
Reconstruction scoring: 0.87
SMILES string:
| IUPAC name:
| InChl identifier: .
Al 1l b
' L Reconstruction
- Chemical Structure Reconstruction - reachy ..
SCore
)
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Post Processing

Workflow plugin technology

= 2D beautify

= File format conversion
= 2D to 3D conversion

= Name generation

= Property calculation / prediction

File

MarvinView
Edit View Tools Help

|
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
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A Real Challenge

= Data set with ~7.600 depictions of natural products
= to get new scaffolds and super atoms
= to incorporate the CSR workflow into a grid service

= to add a database interface OH

current status:
~3.400 fully

bl L] reconstructed!

But we need more real training sets...

(i.e. pictures and the solved structure)

| b
TTHEH
SCAI
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Future Works

Incompletely-defined substances:

= unknown stereochemistry

= unknown attachment position

. NH
= unknown repetition

Cl
OH

| b
TTHEH
SCAI

Fraunhofer | .. . Discovery Knowledge & Informatics, April 24", 2006 page 22

Algorithmen und Wissen- Marc Zimmermann
schaftliches Rechnen




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
* * "
- pd rd
RI= ¢ Br 7
*
AN * o
R2= ~CH ~  -CH CH, _CH
“F, 7 CH, “CHy oo oH, -
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The Mission: Combination of CSR and Text Mining

USDOSES9006A

United States Patent (19 (1] Patent Number: 5,859,006

Daugan [45]  Date of Patent: Jun. 12, 1999

154 TETRACYCLIC DERIVATIVES; PROCESS Primary Examiner—Mukund J. Shab Image An alySlS /
OF PREPARATION AND USE Asslstant Examiner—Tamthom T, Ngo

175] Tavemtor:  Absin Clawde-Marde Davgan, Les Ulis, :.::.::14\};:.. or Hirm el fele: Gepsein Stru Ctu re RECOI’]SthCtIOn
France 157) ABSTRACT

|73 Assipnes: ICOS Corparation, Bothell, Wish

[21]  Appl. Mo 669,189

1] PCTEed Jan. 19, 1995

) .
[86] PCT Mo PUTTESS/00183 [ | o © [ R
F370 Date: Juk 17, 199 N N ! B w)‘“‘

" : S -

§102(c) Date: Jul. 17, 1996 " “ i S

4

[87] POT Pl oo WORS 19978 B .
represeats hydsog e o ©,alkyl;
POT Pub. Daie: Jul 27, 1995 ! represents hydrogen, C, alkyl, €,
30 Fareign Application Priority Data 3 oyl b Alkyl, I“- .
Jan, 20, 1994 [GB]  United Kingdom BN yIC,_y * e 5
s m .
(5] Ink CLF e ADIN 4YE8; ADIN 4342 e : i of 30 opliosslly
COT1) 241736; COTD 47100 B - R”*/ ] ‘ \*K"C H3
152) VS Oh o S14249, 5 5 2; : . N N \ﬂ%x»
) o i : : .
[55]  Fiebd of Search . W3 514249, ko0
STaES, 203, St 15 PPAR activation
[56] References Clied
US. PATENT DOCUMENTS o
R 5 attached o the rest of the molecule via one of the bonsene -
B 1972 SMMDOIR o ¢ing carbeim abouns: and whevein the fased ricg A & 5 te CH3 w--CH2-CH3
a7, e akenberg R, t-membered ring which may be saiersied or pantially o - ® I . N
FOREIGN PATENT DOCUMENTS o o o sclogtcd from oxvges, salphUl 48] e B 1
SEen, and
0357 1224 M990 Fusopean P OIF ; . , - - H it
0362 554 4190 Furopean Fai. GIF eprescols fiydrogen or Cppalkyl or R° aod R —_—m CH2 CHS Cytochrome |nh|b|t|0n
HEITL 10197 United Risgloss . togelber represenl a 3- or S-menibered alkyl or alkcy]
chain
OTHER PUBLICATIONS > CH2-CNHS o

§ . } crabedron 40(0% 3348t inhibitor of cyclic guanosine ¥, 5 phasphate spe] g

:rul-l;:;:“-‘ ourillon et al, Terrs . H(B), 3245-66 cific phusp ora M specific FDE) having o ‘ \’KhC H 2'CN H S
- ) I ’ wility in 3 varicly of therapeutic areas where sk % * :

Brana ot al., Syt t;”""‘-*'“-]'; 172 s inbibsition is benficial, inchuding the treatment of car| N A \H;R

Saxenn et al, Jouwmal of Madicinal Chemisiey, 16(3), 1973, . eandi 'COOH u :

$60-564

Isbics et al., Chem, Pharm. fiull, 348, 1955, 3337-3340 15 Clalms, No Drawings . o i Stab il |ty in serum
—— > Cytochrome inhibition

Stability in serum W/ _

Blood-brain-barrier Reconstruction of
Text Analysis / Published Chem-, Pharm-
Entity Recognition and PatentSpace

A compound of forula (1}

v

SCAI|
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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
Wei Wang
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CSR Software Demo available

Chemical Structure Reconstruction v1.00 Build 1001

licensed for: SCAl

contact:

Marc Zimmermann (Marc Zimmermann@scal.fraunhofer.de)
Fraunhofer Institute SCAI Fhi)

23754 5t Augustin, Germany

http:/ Swww.scal. fraunhofer.de/

copyrightt FhG 5CAl 2006)

OK

LS A

CSR can extract chemical depictions from various image sources and convert
them into 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 and scoring schema to improve its
performance.

| b
TTHEH
SCAI
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