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Building a Structure Centric Community for Chemists

Imagine a time when Imagine a time when ……..

Chemistry articles are indexed by a free online serviceChemistry articles are indexed by a free online service
Authors have tools for automated markup according to Authors have tools for automated markup according to 
community standardscommunity standards
StructureStructure--article connections go live the day articles are article connections go live the day articles are 
publishedpublished
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ChemSpiderChemSpider -- A Search Engine for ChemistsA Search Engine for Chemists

Questions a chemist might askQuestions a chemist might ask……
What is the melting point of What is the melting point of nn--butanolbutanol? ? 
What is the chemical structure of What is the chemical structure of XanaxXanax??
Chemically, what is Chemically, what is viagraviagra??
What are the What are the stereocentersstereocenters of cholesterol?of cholesterol?
Where can I find publications about Where can I find publications about TaxolTaxol??
What are the different trade names for What are the different trade names for KetoconazoleKetoconazole??
What is the NMR spectrum of Aspirin?What is the NMR spectrum of Aspirin?
What are the safety handling issues for What are the safety handling issues for ThymolThymol Blue?Blue?

ChemSpiderChemSpider can answer all of these questionscan answer all of these questions
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ChemSpiderChemSpider Data ContentData Content

Over 21.5 million unique chemical structures from Over 21.5 million unique chemical structures from 
>150 data sources>150 data sources

Online Databases Online Databases ––PubChemPubChem, , DrugbankDrugbank, HMDB, Wikipedia, HMDB, Wikipedia
Chemical Vendors Chemical Vendors –– over 40 different vendors and growingover 40 different vendors and growing
Personal Depositions Personal Depositions –– individual contributionsindividual contributions
Journal Publishers Journal Publishers 
Content database vendorsContent database vendors
Analytical data collectionsAnalytical data collections
Patents (9 MILLION Structures being deposited nowPatents (9 MILLION Structures being deposited now))
Web scrapingWeb scraping

Content is generally linked back to the original data sourcesContent is generally linked back to the original data sources
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Tell me about AspirinTell me about Aspirin
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Links out to KEGGLinks out to KEGG
Kyoto Encyclopedia of Genes and Genomes Kyoto Encyclopedia of Genes and Genomes 
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TextText--IndexingIndexing and and ChemSpiderChemSpider??

ChemSpiderChemSpider texttext--indexes almost 500,000 Open Access indexes almost 500,000 Open Access 
and Free Access articlesand Free Access articles

Collection is growing weekly and more publishers have Collection is growing weekly and more publishers have 
already agreedalready agreed
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Open Access Literature SearchOpen Access Literature Search
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Search Search PubMedPubMed –– ChemSpiderChemSpider
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StructureStructure--Centric Centric 

We want to search OpenWe want to search Open--Access articles by structure, Access articles by structure, 
substructure, similarity of structuresubstructure, similarity of structure
Standard approaches would be:Standard approaches would be:

Identify chemical names Identify chemical names ““entity extractionentity extraction””
Convert chemical names to structures and indexConvert chemical names to structures and index

ChemSpiderChemSpider has a validated dictionary of structurehas a validated dictionary of structure--name name 
pairs pairs 
Use name extraction, nameUse name extraction, name--conversion and dictionary lookconversion and dictionary look--
up. THEN curate.up. THEN curate.
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““Entity ExtractionEntity Extraction””

RuleRule--based recognition of systematic names:based recognition of systematic names:
Use a lexeme of name fragmentsUse a lexeme of name fragments
Rules for identifying bounds of a nameRules for identifying bounds of a name

LookLook--up dictionary:up dictionary:
Drug NamesDrug Names
Trivial NamesTrivial Names
Numbers : Registry IDs, EINECS/ELINCS/Numbers : Registry IDs, EINECS/ELINCS/BeilsteinBeilstein IDsIDs
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Name RecognitionName Recognition

AzoAzo aldehydealdehyde 22 waswas synthesized according to a synthesized according to a 
reportedreported method [17]. Tomethod [17]. To a stirreda stirred solutionsolution of of azoazo aldehydealdehyde
22 (1.08 g, 3.76 (1.08 g, 3.76 mmolmmol )) inin dry CH2Cl2dry CH2Cl2 (30.00 (30.00 mLmL) at) at 0 0 
oCoC werewere successivelysuccessively addedadded (3,4(3,4--diaminophenyl)phenyl diaminophenyl)phenyl 
methanonemethanone 11(0.40 g, 1.88 (0.40 g, 1.88 mmolmmol) and a ) and a exccesexcces of anhydrous of anhydrous 
MgSO4 (2.00 g,16.67 MgSO4 (2.00 g,16.67 mmolmmol) . The ) . The 
resultingresulting mixturemixture waswas stirredstirred forfor 6 hours6 hours at room at room 
temperature [18]. The mixture wastemperature [18]. The mixture was filtered and washed with filtered and washed with 
dichloromethane . Then the solvent wasdichloromethane . Then the solvent was evaporated under evaporated under 
reduced pressure toreduced pressure to give give azoazo Schiff base Schiff base 33 as a red solid which as a red solid which 
was was recrystalizedrecrystalized from ethanol 95%from ethanol 95% (1.28 g, 91 %) (1.28 g, 91 %) 
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Name RecognitionName Recognition

AzoAzo aldehydealdehyde 22 waswas synthesized according to a synthesized according to a 
reportedreported method [17]. Tomethod [17]. To a stirreda stirred solutionsolution of of azoazo aldehydealdehyde
22 (1.08 g, 3.76 (1.08 g, 3.76 mmolmmol )) inin dry dry CH2Cl2CH2Cl2 (30.00 (30.00 mLmL) at) at 0 0 
oCoC werewere successivelysuccessively addedadded (3,4(3,4--diaminophenyl)phenyl diaminophenyl)phenyl 
methanonemethanone 11(0.40 g, 1.88 (0.40 g, 1.88 mmolmmol) and a excess of anhydrous ) and a excess of anhydrous 
MgSOMgSO44 (2.00 g,16.67 (2.00 g,16.67 mmolmmol) . ) . 
The resultingThe resulting mixturemixture waswas stirredstirred forfor 6 hours6 hours at room at room 
temperature [18]. The mixture wastemperature [18]. The mixture was filtered and washed with filtered and washed with 
dichloromethanedichloromethane . Then the solvent was. Then the solvent was evaporated under evaporated under 
reduced pressure toreduced pressure to give give azoazo Schiff base Schiff base 33 as a red solid which as a red solid which 
was was recrystalizedrecrystalized from from ethanolethanol 95%95% (1.28 g, 91 %) (1.28 g, 91 %) 
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How Many Chemical Names?How Many Chemical Names?

““She had the drive to derive success in any She had the drive to derive success in any 
venture and was well versed in Karate. venture and was well versed in Karate. 
When the man in the tartan shirt When the man in the tartan shirt 
approached her with a dagger in his hand approached her with a dagger in his hand 
she spat in his face, took the stance of a she spat in his face, took the stance of a 
commando and took advantage of his commando and took advantage of his 
shock to release the dagger from his grip shock to release the dagger from his grip 
and causing him to recoil. He went home and causing him to recoil. He went home 
and took an aspirin after the beating.and took an aspirin after the beating.””
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How Many Chemical Names?How Many Chemical Names?

““She had the She had the drivedrive to derive to derive successsuccess in any in any 
venture and was well venture and was well versedversed in in KarateKarate. . 
When the man When the man inin the the tartantartan shirt shirt 
approached her with a approached her with a daggerdagger in his hand in his hand 
she she spatspat in his face, took the stance in his face, took the stance ofof a a 
commandocommando and took and took advantageadvantage of his of his 
shock to shock to releaserelease the dagger from his grip the dagger from his grip 
and causing him to and causing him to recoilrecoil. . HeHe went home went home 
and took an and took an aspirinaspirin after after thethe beating.beating.””

http://www.chemspider.com/Chemical-Structure.82837.html
http://www.chemspider.com/Chemical-Structure.16736513.html
http://www.chemspider.com/Chemical-Structure.39217.html
http://www.chemspider.com/Chemical-Structure.4445166.html
http://www.chemspider.com/Chemical-Structure.4514408.html
http://www.chemspider.com/Chemical-Structure.69741.html
http://www.chemspider.com/Chemical-Structure.10619042.html
http://www.chemspider.com/Chemical-Structure.84168.html
http://www.chemspider.com/Chemical-Structure.4937269.html
http://www.chemspider.com/Chemical-Structure.85349.html
http://www.chemspider.com/Chemical-Structure.37764.html
http://www.chemspider.com/Chemical-Structure.21750.html
http://www.chemspider.com/Chemical-Structure.48518.html
http://www.chemspider.com/Chemical-Structure.22423.html
http://www.chemspider.com/Chemical-Structure.2157.html
http://www.chemspider.com/Chemical-Structure.5657.html
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Daily MedDaily Med

““DailyMedDailyMed provides high quality information about provides high quality information about 
marketed drugs. This information includes FDA marketed drugs. This information includes FDA 
approved labels (package inserts).approved labels (package inserts).””
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Search Aspirin on Daily MedSearch Aspirin on Daily Med
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Daily MedDaily Med
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Analysis of Daily MedAnalysis of Daily Med

Identify and extract chemical names Identify and extract chemical names –– combination of combination of 
name extraction and dictionary lookupname extraction and dictionary lookup
Convert names to structures using name to structure Convert names to structures using name to structure 
conversion softwareconversion software
Manually curate Manually curate 

Roundtrip validation of names in Daily Med, on Roundtrip validation of names in Daily Med, on ChemSpiderChemSpider
and in the dictionary of the Name to Structure engineand in the dictionary of the Name to Structure engine
For ease of review implement For ease of review implement ““structure balloonsstructure balloons”” for for 
viewingviewing
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What did we find?What did we find?

There were errors in There were errors in ChemSpiderChemSpider namename--structure pairs. structure pairs. 
KNOWN situation and all KNOWN situation and all curatedcurated..
There were errors in the Name to Structure dictionary There were errors in the Name to Structure dictionary ––
stereochemistry, hydrates/nonstereochemistry, hydrates/non--hydrates, full structures. hydrates, full structures. 
All errors reported to vendor.All errors reported to vendor.
There were errors in Daily Med. Stereochemistry, full There were errors in Daily Med. Stereochemistry, full 
structures. Over 100 out of 4000 structures in error. structures. Over 100 out of 4000 structures in error. 
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QVARQVAR
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QVARQVAR
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Other Daily Med StructuresOther Daily Med Structures
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Full Markup of the DocumentFull Markup of the Document
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Making Open Access Articles SearchableMaking Open Access Articles Searchable
Proof of ConceptProof of Concept

Can we HOST Chemistry Open Access articles on Can we HOST Chemistry Open Access articles on 
ChemSpiderChemSpider and addand add--valuevalue
Can we identify chemical names in Open Access articles Can we identify chemical names in Open Access articles 
in a userin a user--friendly mannerfriendly manner
Can we convert names to structures in OpenCan we convert names to structures in Open--Access Access 
articles and expand articles and expand ChemSpiderChemSpider and provide structure and provide structure 
searching of Open Access chemistry articles?searching of Open Access chemistry articles?
Can we provide an environment for chemists to markCan we provide an environment for chemists to mark--up up 
their own articles and crowdtheir own articles and crowd--source markup of an source markup of an 
archive? archive? 
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Document markupDocument markup

ChemSpiderChemSpider now hosting Open Access articles from now hosting Open Access articles from 
MDPI, Molecular Diversity Preservation International MDPI, Molecular Diversity Preservation International 
Hosting the Hosting the MolbankMolbank collection at presentcollection at present
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A Standard for Document Markup?A Standard for Document Markup?

NLMNLM--DTD: National Library of Medicine; Document DTD: National Library of Medicine; Document 
Type DefinitionType Definition
Approved markup definitions to apply to journal Approved markup definitions to apply to journal 
articles articles –– extended as necessary for our purposesextended as necessary for our purposes
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NLM/DTD markup NLM/DTD markup 
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Chemistry and BiologyChemistry and Biology
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Chemistry and BiologyChemistry and Biology

Menus can be extended as necessary Menus can be extended as necessary 
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Document markupDocument markup
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Searching from the Structure BalloonSearching from the Structure Balloon
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A Platform for MarkupA Platform for Markup

Can we provide a platform for document markup for Can we provide a platform for document markup for 
chemists?chemists?
Workflow:Workflow:

Upload word docs, RTF files or point to HTML and loadUpload word docs, RTF files or point to HTML and load
Apply entity extraction, convert names to structures, markApply entity extraction, convert names to structures, mark--up up 
automatically and ask for user participationautomatically and ask for user participation
Publish final version with NLMPublish final version with NLM--DTD markupDTD markup
Deposit all structures on Deposit all structures on ChemSpiderChemSpider under embargo and under embargo and 
wait for article DOI to releasewait for article DOI to release
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Online MarkupOnline Markup
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Automated markupAutomated markup
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Name to Structure ConversionName to Structure Conversion
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Conversion of Structure ImagesConversion of Structure Images

Not all compounds have a Not all compounds have a ““namename””
Structure images can be converted to connection tables Structure images can be converted to connection tables 
and and databaseddatabased using commercial or Open Source using commercial or Open Source 
software software 

CLiDeCLiDe –– CommercialCommercial
OSRA OSRA –– Open SourceOpen Source
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CryptomisrineCryptomisrine
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Structure Conversion from Images Structure Conversion from Images -- OSRAOSRA
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Structure Conversion from ImagesStructure Conversion from Images--CLiDECLiDE

Conversion dependent on zoomConversion dependent on zoom--factor can give perfect factor can give perfect 
conversion!conversion!
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Supports Word .DOC, HTML, RTFSupports Word .DOC, HTML, RTF
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Extensible Markup Process Extensible Markup Process 

Markup process is easily extendableMarkup process is easily extendable
Configurable from one XML fileConfigurable from one XML file
NLM/DTD is incorporated but is easy to extendNLM/DTD is incorporated but is easy to extend
Markup supports Markup supports ontologiesontologies –– presently working to presently working to 
support the Medical Subject Headings Ontology support the Medical Subject Headings Ontology --
MeSHMeSH. . 
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Patents and Patents and PubMedPubMed
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WhatWhat’’s Comings Coming……today..today..

PubmedPubmed made structure searchablemade structure searchable……collaboration with collaboration with 
SureChemSureChem provides structure searchable access to provides structure searchable access to 
PubmedPubmed abstractsabstracts

Necessary extension Necessary extension –– text and structuretext and structure--based based 
integrated searching.integrated searching.
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Working onWorking on

Balloon popBalloon pop--up over every link to reduce clicks..up over every link to reduce clicks..



Building a Structure Centric Community for Chemists

WhatWhat’’s Coming?s Coming?

Agreement with Royal Society of Chemistry that we can Agreement with Royal Society of Chemistry that we can 
add their structureadd their structure--based RSS feeds to based RSS feeds to ChemSpiderChemSpider
Agreement with Nature Publishing Group to add their Agreement with Nature Publishing Group to add their 
Nature Chemical Biology structure collections to Nature Chemical Biology structure collections to 
ChemSpiderChemSpider as they issueas they issue
Presently indexing Presently indexing ActaActa ChemicaChemica ScandanavicaScandanavica, 1947, 1947--
1999 PDF 1999 PDF backfilebackfile –– our first foray into OCRour first foray into OCR
Presently indexing Presently indexing PLoSPLoS journals directlyjournals directly
More publishers have agreedMore publishers have agreed……
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ConclusionsConclusions

The quality of structureThe quality of structure--based data online should based data online should 
always be questioned always be questioned –– that includes that includes ChemSpiderChemSpider
Robots and software algorithms can help but eyeballs Robots and software algorithms can help but eyeballs 
are necessaryare necessary
Data on Data on ChemSpiderChemSpider are being added and are being added and curatedcurated on a on a 
daily basis but we need more eyeballs helping alwaysdaily basis but we need more eyeballs helping always
ChemSpiderChemSpider now has a large validated structurenow has a large validated structure--name name 
dictionarydictionary
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ConclusionsConclusions

Text indexed journal articles can be textText indexed journal articles can be text--mined and mined and 
linked to chemical structures for searchinglinked to chemical structures for searching
Proof of concept document markup of chemistry Proof of concept document markup of chemistry 
documents is provendocuments is proven
A public facility for document markup and indexing is A public facility for document markup and indexing is 
in development in development –– chemists can submit their documents chemists can submit their documents 
for markup and nomenclature validation prior to for markup and nomenclature validation prior to 
submission to Open Access journalssubmission to Open Access journals
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Further readingFurther reading

www.chemspider.com/blogwww.chemspider.com/blog
InternetInternet--based tools for communication and based tools for communication and 
collaboration in chemistry, Drug Discovery Today, collaboration in chemistry, Drug Discovery Today, 
Volume 13, Numbers 11/12, June 2008 502Volume 13, Numbers 11/12, June 2008 502--506, 506, 
doi:10.1016/j.drudis.2008.03.015doi:10.1016/j.drudis.2008.03.015
A perspective of publicly accessible/openA perspective of publicly accessible/open--access access 
chemistry databases, Drug Discovery Today, Volume chemistry databases, Drug Discovery Today, Volume 
13, Numbers 11/12, June 2008, 49513, Numbers 11/12, June 2008, 495--501, 501, 
doi:10.1016/j.drudis.2008.03.017doi:10.1016/j.drudis.2008.03.017

http://www.chemspider.com/blog
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