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Overview

 What is ‘semantic chemistry’ and markup?

« OSCARS3 - robotic analysis of chemistry in free text
« recognition of chemical names
* name-2-structure
« chemical verbs, adjectives and reaction names
« terminologies (e.g. techniques)
« RSC Project Prospect ...

« CrystalEye — creating semantic chemistry from
crystallography:
« High-throughput robotic harvesting
* Re-use using CIF2CML
« Dissemination through CMLRSS
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The Semantic Web

“People keep asking what Web 3.0 is. |
think maybe when you've got an
overlay of scalable vector graphics [...]
on Web 2.0 and access to a semantic
Web integrated across a huge space of
data, you'll have access to an
unbelievable data resource.”

- Tim Berners-Lee, A 'more revolutionary' Web (2006)
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http://en.wikipedia.org/wiki/Tim_Berners-Lee
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...Let’s change the vision to chemistry...
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The Chemical Semantic Web

“...when you've got an overlay of

- on Web 2.0 and access to a
semantic Web integrated across a
huge space of data, you'll have access
to an unbelievable data resource.”

[our adaptations]

... what are chemical semantics and CML?...
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Implicit and explicit semantics

Implicit semantics
“Compound 2a at 119°C”

humans are good at interpreting this; machines see just a string.

Explicit semantics /CML Schema

<cml:molecule” ref="2a”
<cml :property> >\‘5\"I\/IoleculesinCI\/H_/InChI

<cml:scalar dictRef="
units=“units:celsius”
dataType="xsd:float”

>119</cml:scalar> \unitsDictionary
</cml :property>
W3CSchema

</cml:molecule>

144

4 namespaces, 3 dictionaries
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UCC'’s approach to creating Semantic Chemistry

« Authoring tools for theses and collaboration with publishers
e XML-ization (through FoX) of Comp. Chem. codes (MOPAC,
CASTEP, SIESTA, GULP, ABINIT, DL_POLY GAMESS...)

« Capturing/conversion of CML data at source (SPECTRa)
« Rich clients (Bioclipse)

* Legacy Conversion (OpenBabel, CDK, JUMBO...)
 Intelligent Ontologies (Golem)

(today we will cover the following...)
« Chemical Linguistics and text-mining (OSCAR3)
 Legacy Conversion — CIF

Many of these semantic chemical components are now deployed or prototyped...
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Chemical semantic framework at UCC
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“OSCAR”

2-Chlore-5,11-dihydre-11-ethyl-8-chloromethvi-0H-dipyride[3,2-b:2",3 -e] [1,4]diazepin-0-one (15)

A suspension of 14 (17 mg. 0.58 mmol) in CH>CL; (100 mL) was treated with thionyl chloride
(0.3 mL) f::rll::m-‘cd by tpréthylamine (1 mL). The reaction mixture was stirred at room temperature for 1
tion was obtamned. Then, saturated aqueous NaHCO; was added and the mixture
_\, 7 CH2Cl:. The orgamic layver was washed with water, then dried (NayS50y) and

, « ’}_-25 e ”_J educed pressure. The residue was purified by silica ge omatography
fev rusiwnu uoaauc, to give 15 (163 mg. 87%) as a pale yvellow solid. m.p| 226-227|°C:|FTIR (KBr)
» Recognition of chemical entities.
« Name2structure, chemical diagrams, canonical identifiers
* Chemical heuristics to parse article full-text

 Links to ontologies and molecular databases.

* Open source
» High-throughput — 500, 000 PubMed abstracts parsed
« Substructure and similarity search on corpora

OSCAR1 + CheckCML (2003, 2004, 2005, 2006) Student projects supported by RSC
SciBorg (2005-2009) EPSRC project (Computer Lab, Chemistry, Cambridge)
OSCARS3 (Peter Corbett)
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OSCARS3 Concepts - Example

£ Mozilla Firefox

File Edit \iew Go  Bookmarks  Tools Help

QZl - |:> - @l |:| @ |U http:fflocalhost: 5151 fParse v| © e “Q' |

@ Java APL1.4.2 || Taverna APT g ¥OM1,1b1 AP B3 BEC Sport RT Radio Times .. my delicio,us | | post to delicio,us

deprotected and elaborated into a lithiated a]kyne via the Corey—Fuchs protocol which was
used to open S-propylene oxide. Tt is noteyas g transmetallation and Alkylation

P ethiyl benzoate ) secmlcl_
R —

was used to control the geometry of the ole Fd by a sapofnﬁc g
< PuhChem Cnmpuund Mozilla Firefox

|

k 3 reduchnn Mozilla Firefox

wrovided the desired macrocyle in 47%6 Wel
©J methyl benzoate - Mozilla Firefox

File Edit View Go Bookmarks Tools  Help

[ —
<JZ| = LV’ @ @ |_| @ ||_| http: filocalhost: 5181 (MEViewer Fname=r eduction&kype=0NT&ontids=REx % 340000444 % 20REX %3800

3 Ontology Lookup Service {OLS) - Mozilla Firefox
@ B avasrii14.2 [ Taverna AP o ¥OM1.1b1 API EEE BBC Sport T Radio Times g my delicious || post to del.icio.us

File Edit Wiew Go Bookmarks Tools  Help ¥
QEI - LL:’ - @ |:| @ |{B http: fivnan, ebi, ac, ukjontology-lookupbrowse .doftermId=REx%340000095 renzoak
K M Java AP11.4.2 | | Tavetna API g ¥OM1,1b1 API B BEC Sport BT Radio Times .. mry del.icious | | post bo del.icio,us 3 .. I
L]
SVCRCTEEE All Databases  |Enter Text Here l“eductlon
': OLS - Ontology Lookup Service .
s + Name: reduction
REX Ontology Browser me-
“OLS Home & * T}‘ pe- ONT R . .
* Documentation Using 'lsomerization" as root { browse ful + Search PubChem for reduction
“Project EARlisomerization| —He + Ontology ID: REX:0000444
“Publications = Orearrangement Do AT T I N
* Developer Resourc D?ntra molecular rearrangement The . + The reverse Oyt ouda’uon ) ; )
 Download - Dintermolecular rearrangement ;VVTLIB s Look up REX:0000444 vsmg EBI Ontology Lookup Service
~[Odegenerate rearrangement . ) ) ) .
;'Im|:r|en.1entatinr & _Dmigration d ‘ . I;VTIE * OllT.OlOg}' ID: REX:0000048 .
5 ?VE";'EW Sztorg migration "yt + The complete transter ot one or more electrons to a molecular entity.
“Javadoc ~[(bond migration An RO
L\Webservice Dmigrato?y insertion (¢ % u ae Look up REX:0000048 using EBI Ontology Lookup Service

UNIVERSITY OF All markup is automatic lé’:';‘t’)eﬁ’ dge

CAMBRIDGE




...how can this be used for publishing?...

UCC and RSC have been collaborating on
transferring this technology to journal

articles...

Project Prospect (2007) adds semantics...
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Project Prospect (RSC)

Typical HTML paper Semantics confined to @

, http:,l',l'www.rsu:.u:urg,l'u:leliverw"_.ﬁ.rt_icleLinking,l'.ﬁ.rticleLinking.ésp?flu:uurnaIC'Du:IE=OB&'1"ear-=2DD?&MénuscriptID=bE1 154 7kid:
There has been a broadly accepted und'L MALEE R S S e

initial oxidative addition of the halide to a palladium(()) catalyst. Despite various claims for a possible palladium(T1/] Toolbox

the evidence for this is poor, since it has been shown that in the majority of cases, the palladacycles involved act as reservoirs of palladim
some of which is reduced to palladium((). Further evidence against this mechanism comes from gas phase computational studies which inc

the rate determining step in a palladiom(I1'TV) cycle involving iodobenzene would be the gaidative addition of iodobenzene to pra]ladim:t:t.i

the actual rate determining step in the HM reaction of aryl iodides is not oxidative adgibeg=—=i&ide i1fi-a) this indicates that a palladium(IL
is not in operation. Hence_ the mechanism of the HM process can be represented -@n volving a palladium((0) species 1 underg
oxidative addition to generate a palladum(1I) species 2, which reacts with the olefin COmpesen3. possibly following mitial M1*-coordinatio
palladinm atom. This results in a carbometallation reaction to generate palladium(Il) alkyl complex 4. Elimination of palladium hydride fron
4 furnishes the product 5 and base assisted elimination of HX from palladium(IT) complex 6 regenerates the active palladium{0) catalyst 1.

HM catalytic cycle General cross-coupling catalytic cycle

Carbometallation
R-X Ly ZF R Ly
]

R-Pd—X R=X ik
Oxidative \7/— ! 3 o R-Pd-X 7 |
addition Oxidative L Transmetallation

- arditinn

Prospect adds more semantics...
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... Prospect markup includes:
 CML (Chemical Markup Language)
* InChl
* [UPAC Gold Book
* Gene Ontology
e ...and more coming ...

...the marked-up semantic paper...
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Project Prospect RSC

(DOI: 10.1039/b613865a) - Mozilla Firefox

File Edit View Go  Bookmarks  Tools  Help

# P, -
\::l - |_V> - @ |_| @ ||_| hkkp: f e rsc orgfdelivery) _ArticleLinking) ArticleLinking. asp

Oria 15 7 ot B Bd 1 1B ADT [FR QD

F D= T —!mv

Inde|

O 0000

i M
<?wml version="1.0" 7=

~

) http:/www.rsc.org - Manuscript DOI/10.1039/b613B65a Compound informatio. .. g@@
REC - Advancing the Chermeal Soiences - DOL10 10306133652

+« DOI:10.1039/b700827a

<ol xmins="http: / /fwww.xml-cml.org/schema'>
- <molecule id="m1"> Compound Information for methyl acrvlate
- <atomarray> * *
<atom id="a0" elementType="C" formalCharge="0" hydrogenCount="2" /= [of 1
<atom id="al" elementType="C" formalCharge="0" hydrogenCount="3" /= | 1 Synonyvins:
<atom id="a2" elementType="C" formalCharge="0" hydrogenCount="1" /> i Jl»
<atom id="a3" elementType="C" formalCharge="0" hydrogenCount="0" /> _1} + methvl acrvlate
<atom id="a4" elementType="0" formalCharge="0" hydrogenCount="0" /= o Ty y .
<atom id="a5" elementType="0" formalCharge="0" hydrogenCount="0" /> ] + methylacrylate acid
</atomnirray > [he
- <bondarray = m
<bond id="b1" atomRefs2="a2 a0" order="D" /> SMILES: O=C(OC)C=C
<bond id="b2" atomRefs2="a3 a2" order="8" /= ar @
<bond id="b3" atomRefs2="a4 a3" order="D" /> . et 1 1 . - ,
<bond id="b4" atorrRefa2="a5 al" order="§" /= Cao, . 1_H InChI: InChI=1/C4H602/c1-3-4(5)6-2/h3H,1H2 2 H3
<bond id="b5" atomRefs2="a5 a3" order="8" /= 'IHWE. "y
</bondarray > CML {Chemical Markup Language Repregentation)
</molecules .
<foml= iy _
TCEIFSCICTVE £, T OISCITIT UL IICHLYT aCT yIarte, WIICIT ITatrs 0 all o . 2-D TIimage
planar geometries are small (Table 2). The similar Pd—C clistaqci: *
reported structu 4° ShePd— Other articles referencing this compound:
L O L
thosze m related { At least « DOL10 1039/b308899m
group of 7a,b al cuced it + DOL10.1039/b607281]
mteresting to no P.O chel ¢ DOL10.1039/b609428 ¢
reactive than 3a \ quired.i « DOL10.1039/b614877h
O

a) cs i b)

Cloze this window

c'ip—-.:; 4 C@_ | A pore
UNIVERSITY OF . . nilever
... but not all chemistry is in free text ... :
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Chemistry is also “Data”

10.6 Strukturdaten auf BALYP/6-31G(d) Nivean

2-Pyridon (1a)

Gaussian

loop ST TTh Tt o TTmoTTTr s T T "'-,CEH_E?«T_C_"-.EA?&RY"‘-,J_E—C';'_—E-ZGG"-,Cl"-.,"-._i:EE:?{E.E

atom site labe!
atom sSite type
atom site fract
atom site fract
atom site fract nnd 10,
atom site T isc

Tabelle 10.1: Becbachtete Geschwindigkeitskonstente fiir die Feaktion von Butylamimn (3) (230 mmolT) mut

p-Nitrophenylacetat (2) (530 mmol1) in Deunterochloroform bei 23 °C, katalysiert mit den 2-Pyridonen 1, 7, 9.

atom site occu 4 .1 ] 4 1 1 ] 4
atom site symme | [mumol/l1] | [107 7] | [mmol/1] [107 7] | [mmol1] [107 5] | [mmol/1] [107 7]
atom site cale

atom site_adp 1 | [1]... SOME examples of|data taken from theses|.[10] Fose

atom Site refi: 034 71.30 0.200 6.97 0.500 6.90 0.063 6.34
atom sSite disor

_atom site_diso 0.67 7.31 0.400 6.99 1.25 6.94 0.10 6.24
C1 C 0.2103(4) O,

H1 H 0.2003 0.91¢ 1.66 842 0.500 7.14 2.50 746 0.23 6.73
Cz C 0.0615(5) O.

Hz H -0.0462 0.8¢ 3.00 10.42 1.00 7.13 373 7.70 0.38 8.12

3.30 10.21 2.50 7.63 10.0 8.50 0.30 8.43

3.00 11.41 4 .00 8.40 15.0 876 1.00 7.71

16.0 16.08 5.56 8.06 33.33 21 1.25 8.94
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Semantic Chemistry and the Datument

The document is only part of the scientific record
We can transform the experimental data to CML.
The integrated result is a datument...

Compounds and
Analytical data <xhtml/>
Q*? & Crystallography <mathml/>
89 — + Reactions — <SVg/>
Experime,;a, “ Comp chem output <cml/>
o Measurements and <animl/>
properfes <thermoml/>
Text / HTML Supplemental and

Other data XML Datument

P. Murray-Rust, The complete chemical E-publication, 216th ACS National Meeting, Boston, August
23-27 (1998), CINF-033.

Peter Murray-Rust, Henry S. Rzepa and Michael Wright, Development of Chemical Markup Language
(CML) as a System for Handling Complex Chemical Content, New J. Chem., 2001, 618-634.

P. Murray-Rust and H. S. Rzepa, "The Next Big Thing: From Hypermedia to Datuments”, J. Digital Inf.,
2004, 5, article 248, 2004-03-18.
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http://jodi.ecs.soton.ac.uk/Articles/v05/i01/Murray-Rust/
http://jodi.ecs.soton.ac.uk/Articles/v05/i01/Murray-Rust/
http://jodi.ecs.soton.ac.uk/Articles/v05/i01/Murray-Rust/
http://jodi.ecs.soton.ac.uk/Articles/v05/i01/Murray-Rust/
http://jodi.ecs.soton.ac.uk/Articles/v05/i01/Murray-Rust/

The Datument

SR

AnIML

CMLReact«

CMLSpect

graphs \

CMLCore, _

|
%
~— Q/O)/O Experimental
Q

InChl CMLComp

OSCARS3

: —
| ] \\
\

CMLTable

B UNIVERSITY OF Umlever

@Y CAMBRIDGE o

jojgleje [



Chemical Crystallography

Universally published as CIF.
« Complete output of structure experiment,

e | | ary data for article full-text.
_chem;cal_fnrmula_sum Z13 H17 H 04 5 .
_chemical_formula_weight 283 .34 r]EB(j ()f]llr]EE F)Ear )/EBEir
_=vnnetry_space group_hans_ H-H F2(li-a

roon. 1 per year (e.g. theses)

_SYmnetry_squiv_pos_as Xvz
= oy, oz

'—x4+lsZ, y+ls2, -z

_x. —y. Lz

'm-1s2, —y-1s2, =

:EEﬂ:iZEEﬂ:ﬂ ff?gi?g} <entry dataType="xsd:double" minInclusive="0.0"
S omnziii=gn i 8.672(4) maxInclusive="180.0" units="LaHeq
Seellngle beta? o seles) T TTRRR AR mA e unftTypetanal® ((C
- Sraie a0 00 <definition=Unit-cell angles o
Iggél—mlume 1423.2(11) structure in degrees. The values of
atom site label _refln_index_h, *_k, *_| must correspond to the
_atom_site_type_symbol cell defined by these values and _cell_length_a,
—ztgm—gﬂz—gzgt—ﬁ *_b and *_c. The values of
T otom =ite fract = _diffrn_refln_index_h, *_k, ¥_I may not
“aton_site U_iso_or_equiwv correspond to these values if a cell
—atom_sits_thermal displace type transformation took place following the
_atom_=i1te occupancy . . . i
Tatom site calc flag measurement of the diffraction intensities. See
_atum_s:i.te_ﬁn_afinsment_flags also _diffrn_rtﬁ_ﬂns_transf_rﬂatrix_.{Xdeﬂﬁition}
NIaNDE_ﬁ%e?fz?agl.‘ﬁﬁ%ﬁ?pn.5991(2) 0.0399(5) Uani 1 d . . <scalar dictRef="iucr:category>cell</scalar=
H1 H 0.1327(2% 0.59208(9) 0.6504{2) 0.067(8) Uiso 1 calc R .| |</entry=
5 UNIVERSITY OF |Jilever
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CrystalEye

The aim:

To automatically create semantic chemistry from
crystallography (CIFs) published on the Web.

— |
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Aggregation

« Web spider checks publishers and repositories every day.
« Currently over 60,000 validated CIF files.

CrystalEye
repositories /\ publishers
i OAI-PMH TOC
Thesis >
Y .
x A : : :
Record !l Record Articl ArtcheJ\Frtlclﬂ
SPECTRa
Dept. .| |
Crystallographic C+IF Clt/l%/ \ CIE
Service
4 7
Cambridge, Imperial il IUCr, RSC
Browse/Search
3.8 UNIVERSITY OF Interface | Jnlleve_r
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Marking up and Validation

® .
DOl C”: '....* o
9@

@ $ Raw crystal

CheckCIF 0% e o o structure

09
+ Validated; " ® © o
* Disorder resolved,

A 4

CheckCIF HTML

‘,;: .\; WS .
CheckCIF XML CML @
jni-InChl CDK 4
N
[ |

A 4 A 4 A 4

InChl SMILES | [2D image

@
<
—

*

|Jmlever
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CrystalEye: Re-Use through XML/CML

« Automatic generation of fragments

Cu(OH,)(C,HO,CI,),(CeHgN,0O),

Cu centre

Ring nuclei|| Ligands Linkers ||Metgl Clusters|| Metal centres

\_/

« ca. 1 million fragments with 50,000 different chemical types
« Open Access via automatically generated HTML

57 UNIVERSITY OF |Jilever
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CrystalEye for humans

Data sources Repository
CrystalEye
Browsing links
back to Publisher
publications
\ 4

Generated Fragment Entri Annotation

content agments les otations
Services Browse Substruct. search Data search
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CrystalEye Webpage Demo

Let’'s assume we’re interested in Cu-N bonds:

 Browse to title page
L 4

Fle Edit Wew Go Bookmarks Tools  Help

.. 'Q:I - - @ @ L File: i iDocument s%e20and%e205ettings,/ ned24{ Deskkop 03-00/dat ajbiz 155/bi2 1 55supl _Ifmoieties/bi2 155sup]_[_moiety ¥ @ (=) IQ,
L 4

@ . M iavasrii4z [ Taverna APl gp ¥OM1.1bi AP EH BEC Sport RT Radio Times w™ my delicio.us || post to del.icio.us

*

‘

BOND LENGTH SUMMARY

atoml atom2 length highlight

a4 al 1.9850 i
° - d ale a4 1.3457 wiew
View structure data o I P
Ny " ak al 20018 =3
u, alo at  |L.2761 | wiew
a7 al 2.2414 =3
a25_1 ai 0.8196 Wi
azs a7 0.8196 wigw
a4_1 al 1.9850 wiEw
Py ag 1 | a4 1 |1.3368 wigw

“

. Y ala_1 a4_1 1.3457 W
° E I f t at_1 al 2,0018 wigw
xplore fragments

.

* Inspect bond lengths

i UNIVERSITY OF | Jnlleve_r
» CAMBRIDGE




CMLRSS newsfeeds

 How can the chemist find every Cu-N bond immediately?

Structure: CrystalEye
= contains Cu-N TOC Cu-N feed
= no Cu-N
*read*
Web browsing Using RSS

J— I
_ RSS
What we’ve just
been doing . _

« CrystalEye uses RSS 1, RSS 2 and Atom 1.0 to create both
RSS and CMLRSS feeds.

T UNIVERSITY OF l Jnllevef
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2 Google Reader (13) - Mozilla Firefox E]@g]

File Edit iew Go  Bookmarks Tools  Help  deldcio.us
<l1:| - - @ {’D EE TAG £} httpef e, google, com/reader fiew) B+ @ o Q,
=) Disable = E,\ Cookies = -] €55+ =] Forms = |* Images = '\_g;' Information = Miscellaneous « o Outline ~ 3; Resize = " Tools = ::l Wigw Source * Options * o &
. nickeday@gmail.com | Settings | My Account | Help | Sign Out
(GO0OQae Reader Ve
%3 CIF Summary - Mozilla Firefox
j; Edt Yew Go Bookmarks ln:;mﬂ:l; — = R T—————— T ltaininq hond List wiew
= R S S s XOM 1.1bl APL B EEC Sport || Radio Tmes w™ my delicio.us [] post to delicio.us = e C M L R SS
Aquabis(dichloroacetato-xk 0)bis(nicotinamide-kN)copper(ll) V.
<= Table of Contents
. ] £ aga
Publisher: Acta Crystallographica nﬂnth rﬂllnE-K g :I
Journal: Section E
Yearilssue: 2t007f03-00
Compound Class:organometatie | in CIF AT2226 (D
Date Recorded:2007-01-25 3 .
hection E.
Cont_a.ct Author: Moncol, Jan
e-mail: jan moncoli@stuba sk k 3z rEad .&.dd ta
Data collection parameters
Chemical formula surn C1eH1BCIsCuNgO7
Chemical formula moisty Cq1pH1sCILCUNACT E agl:lj
Crystal systemn tetraganal I 5‘ 'I]‘ h 'E' I]yl I}yr a
Space group H-M
épace TOUP il ;Zjl;c Show no. of unit cells along axis E
ata collection temperature . .
" L S lin CIF BI2154 (D
Refinement results e i P 3 ECtiDr'l E
“ *
Add‘atar Share Ermnail Mark as read O Add tags ,’
L 4
*
. 0’
% R Mlar 16, 2007 (3 days ago)
Aquabis(dichloroacetato-kO)bis(nicotinamide-kN)copper(ll)
CrystalEye summary of DataBlock | in CIF BE2155 (DO110.1107//51600536807006423) from issue
03-00 of Acta Crystallographica, Section E.
Add star Share Ernail Mark as read Add tags bl
Manage subscriptions » A Previous itern | | Next item 15 items

UNIVERSITY OF Jnitever
CAMBRIDGE ‘
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CrystalEye: KnowledgeBase not DataBase

« Aggregation by robots, not humans

« All types of chemistry (organic, inorganic, etc...)
« Social computing - aggregates COD*, theses

« Software validation by robots, not humans,

« Open and free;

« Goes live in April...

* Crystallographic Open Database

2.5 UNIVERSITY OF l Jmleve.r
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Chemical semantic framework at UCC

’—\

( Xﬁ?ﬂaﬁ%ﬂ
\ scrip
S~ (2

CrystalEye
CIF2CML

-

OSCAR3, 3 ®

“ XML pub
JUMBO

e=XMLdata m=XMLtool (5=XMLontology

prototyped O Under development (_
5.5 UNIVERSITY OF nilever

@Y CAMBRIDGE = ambridge



Cambridge Semantic Chemistry

 Released:
« CML — XML for chemistry
« JUMBO - library for CML
« OSCAR1/CheckCML — data validation
« OSCARS3 - text mining
e FoX - Fortran XML

e Soon:
« CrystalEye — crystallographic knowledgebase
« SPECTRa - chemical repositories

« Later...
« Golem - ontologies
« CMLUnits
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