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Overview

� Personal view of the history of text processing
� Context – why is text processing important?
� Why is chemistry a problem?
� How the problem is solved
� Some examples of the name to chemical 

structure technology in action



Text processing – a personal history

� Chomsky (University of Sheffield - 1960s) 

� Systran (European Commission - 1970s and 80s) 

� Text and data mining (Derwent/IBM (Charles Huot) 1995-) 

� Syntactic and semantic analysis (Liz Liddie 1995-) 

� Funding boost from security and defence agencies’ interest in 
automatic text analysis

� Internet search engines

A journey through 40 years of text processing histo ry



1960s – setting out with hope and enthusiasm



1970s – on the road with first successes



1970s – the first set backs



1990s – on the road again with more funding/vehicles



2010 – Google eclipses the information world



Context – why is text processing important?

� >20 million machine readable journal articles
� >10m machine readable patents
� Private documents
� Corporate archives
� Electronic Laboratory Notebooks
� World Wide Web



Why is chemistry a problem?

� Chemical substances have a wide variety of trivial and official names.

� No simple text search can find chemical substances which are named 
using one of the alternative names.

� Synonym expansion is insufficient.

� Searching by structure solves the problem in such cases.



Substructure search

We would like to find 
compounds which are 
supersets of the given 
structure (e.g. toluene and 
methylnaphthalene)

Text searches won’t find documents 
with similar structures  



Enable - structure / substructure searches  of chemical substances 
mentioned in documents. (e.g. in the chemical literature) 

where the chemical structures were not created with a chemical 
structure editor, and are only mentioned as “text”, (for example. 
via their common name or  IUPAC names).

i.e.  there may be no ‘connection table’ associated with those 
structures or they are there as bit maps only. 

Objective 



Valium 
(Trade Name)

= Diazepam
(Generic Name)

= CAS #  439-14-5
(Chemical ID #)  

ALBORAL,   ALISEUM, ALUPRAM  , AMIPROL  ,ANSIOLIN ,  ANSIOLISINA ,  APAURIN, 
APOZEPAM, ASSIVAL , ATENSINE , ATILEN , BIALZEPAM , CALMOCITENE,  CALMPOSE , 
CERCINE,  CEREGULART,  CONDITION,  DAP,  DIACEPAN,  DIAPAM ,   DIAZEMULS ,  

DIAZEPAN , DIAZETARD , DIENPAX,   DIPAM , DIPEZONA,   DOMALIUM , DUKSEN, 
DUXEN,   E-PAM,  ERIDAN,   EVACALM,  FAUSTAN, FREUDAL , FRUSTAN,  GIHITAN, 
HORIZON,  KIATRIUM, LA-III , LEMBROL,  LEVIUM,  LIBERETAS , METHYL DIAZEPINONE,
MOROSAN ,  NEUROLYTRIL  NOAN  NSC-77518  PACITRAN  PARANTEN  PAXATE  PAXEL 
PLIDAN  QUETINIL  QUIATRIL  QUIEVITA  RELAMINAL  RELANIUM  RELAX   RENBORIN
RO 5-2807  S.A. R.L.  SAROMET  SEDAPAM  SEDIPAM  SEDUKSEN  SEDUXEN , 
SERENACK  SERENAMIN  SERENZIN  SETONIL  SIBAZON  SONACON  STESOLID  

STESOLIN ,  TENSOPAM TRANIMUL  TRANQDYN  TRANQUASE  TRANQUIRIT  , 
TRANQUO-TABLINEN ,  UMBRIUM  UNISEDIL  USEMPAX AP  VALEO  VALITRAN  
VALRELEASE  VATRAN  VELIUM,   VIVAL  VIVOL  WY-3467

= 

Valium has > 149   “names”

Example – I need to find information about Valium



There are many different systematic chemical 
names for Valium

Valium = Diazepam = 

7-chloro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one

7-chloro-1-methyl-5-phenyl-3H-1,4-benzodiazepin-2(1H)-one

7-chloro-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one

7-chloro-1-methyl-2-oxo-5-phenyl-3H-1,4-benzodiazepine

1-methyl-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzodiazepin-2-one

7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one

7-chloro-1-methyl-5-3H-1,4-benziodiazepin-2(1H)-one

CAS #  439-14-5 = 



7-CHLORO-1-METHYL-5-PHENYL-1,3-DIHYDRO-2H-1,4-BENZODIAZEPIN-2-ONE

1-METHYL-5-PHENYL-7-CHLORO-1,3-DIHYDRO-2H-1,4-BENZODIAZEPIN-2-ONE

An example of different chemical names for the same 
molecule: however, they share common chemical fragments! 



benzene

acetone

acetone

#1

#2
#3

#4
…#n 

IUPAC name

acetone

Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id

Chemical Name  - table (CNF table)

Documents
(containing  words, references, etc. ) Every chemical name in every document …

Chemical names are identified & extracted into 
a chemical name table

Identify & Extract Chemical names & chemical name fragments (CNF’s) 

Create  CNF table 
for indexing & analysis 

acetone

Steps  1  &  2 



acetone

Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id
Doc # id

Chemical Name  - table
Name = Struct

Program  
ValiumAcetone Benzene

acetone

#1 Valium

Benzene Associate Structure
with original documents

Step  3 

Process chemical names  (& CNF’s)  into ���� chemical 
structures via the  [name = struct]  program

O



acetone

Diazepam

Valium

benzene#2

O

Result 

Draw This  

Retrieve    

Retrieve 

Retrieve    



Automated chemical entity extraction

� TEMIS & Elsevier/MDL
– Chemical Entity Relationship Skill Cartridge

� IBM 
– Business Information Workbench

� ReelTwo
– SureChem

� CambridgeSoft 
– ChemFinder/Text (Document Manager)



Step 1     Identify the chemical entities 

Example 



7-chloro-1.3-dihydro-1-methyl-5-phenyl-2H-1,4-
benzodiazepin-2-one

N-aminoacetyl-5-chloro-N-methylanathranilic  acid

Phosphorus pentachloride

aluminum chloride

5-chloro-N-methyl-N-phthalimidoacetylanthranilic acid 

hydrazine

7-chloro-1.3-dihydro-1-methyl-5-phenyl-2H-1,4-
benzodiazepin-2-one

benzene

Chemical Entities 
Extracted from page

Step 2   Extract the chemical names and load into t ables

Example 



phosphorus pentachloridealuminum chloride hydrazine7-chloro-1.3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one benzeneUSP # 
3,692,776

6  6  0  0  0  0  0  0  0  0999 V2000
6.7092    5.6087    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
6.7076    4.5056    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
7.6607    3.9551    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
8.6160    4.5062    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
8.6121    5.6136    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0
7.6583    6.1591    0.0000 C   0  0  0  0  0  0  0  0  0  0 0  0

1  2  2  0  0  0  0
2  3  1  0  0  0  0
3  4  2  0  0  0  0
4  5  1  0  0  0  0
5  6  2  0  0  0  0
6  1  1  0  0  0  0

M  END

SMILES:
c1ccccc1

Name = Structure
Processing

Connection tables

Step  3 Chemical names are processed into chemical structures 
(connection tables)



Example of text



Log of example analysis

� C:\CambridgeSoft\ChemFinderText\TagChemicalNames\in \example.html
� <span style="background-color: #FFCCCC">argon</span >
� <span style="background-color: #FFCCCC">Toluene</sp an>
� <span style="background-color: #FFCCCC">nitrogen</s pan>
� <span style="background-color: #FFCCCC">sodium</spa n>
� <span style="background-color: #FFCCCC">argon</span >
� <span style="background-color: #FFCCCC">sodium</spa n>
� <span style="background-color: #FFCCCC">benzophenone </span>
� <span style="background-color: #FFCCCC">ketyl</span >
� <span style="background-color: #FFCCCC">2-bromobiph enyl</span>
� <span style="background-color: #FFCCCC">Chlorodicyc lohexylphosphine, palladium 

acetate</span>
� <span style="background-color: #FFCCCC"><i>n</i>-bu tyllithium</span>
� <span style="background-color: #FFCCCC">Di-<i>tert< /i>-butylchlorophosphine</span>
� <span style="background-color: #FFCCCC">potassium</ span>
� <span style="background-color: #FFCCCC">fluoride</s pan>



Organic Syntheses article



Procedure A



Procedure A 2



Compounds referenced



Angewandte Chemie journal article supporting data



Hamlet Act III Scene 1



Chemical name to structure conversion

� CambridgeSoft – ‘name=struct’
� ACD/Labs – ACD/Name to structure batch
� OpenEye Scientific Software – Nam2mol



Name=Struct: Features

� Converts names to chemical structures
– IUPAC names
– CAS names
– common usage names (largest fraction of names)

� Cahn-Ingold-Prelog stereochemistry (R, S, E, Z, r, s)
� cis and trans relative stereochemistry
� Typo recognition and correction
� Flexible – handles variation well
� Batch version – 30,000 names processed per minute



Name=Struct: Six Principles

� Anything allowed by the rules is acceptable
– IUPAC recommendations
– CAS

� Anything forbidden by the rules is acceptable
– Alphabetical ordering of substituents

» 3-bromo-2-chlorobenzoic acid 
» 2-chloro-3-bromobenzoic acid

– Older rules that have been deprecated should still 
work

» Dated works cannot be modified retroactively
» Both current and obsolete systems should be 

supported



Name=Struct: Six Principles

� Any rule that can be extended should be
– Hantsch-Widman nomenclature for heterocycles

» CAS – 14 heteroatoms
» IUPAC – 19 heteroatoms

� If it looks like it ought to be a rule, it is a rul e
– Neither IUPAC or CAS rules are complete
– Acetone, butyrone, valerone imply rule: (trivial acid name) 

+ “one”: = di(number of carbons in trivial acid – 1)yl 
ketone

stearic acid = C18 acid -> stearone = di(C17) ketone



Name=Struct: Six Principles

� The meaning of logically ambiguous names is 
determined by common usage

– e.g. propyl chloride is ambiguous, but common usage assumes that 
undifferentiated alkanes are in the unbranched forms

� Punctuation and capitalization do not matter; spacin g 
matters as little as possible

– p-Dinitrobenzene vs. P-DINITROBENZENE

– methyl ethyl ether vs. methylethyl ether
O O

Cl

propyl chloride



Name=Struct: ChemDraw

� One name at a time
� Chemical spell checking
� USE:

–Save time drawing 
structures

–Draw error free 
structures



Name=Struct: ChemDraw for Excel

� Multiple names
� Export as SD file
� USE: create a chemical 

spreadsheet or small 
database



Name=Struct: Batch

� Multiple names
� Text in -> SD file out
� Command line mode
� Programmable
� USE: database building and cleaning



Summary

� Personal view of the history of text processing
� Context – why is text processing important?
� Why is chemistry a problem?
� How the problem is solved
� Some examples of the name to chemical 

structure technology in action



Any questions?


