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Standards and authorities

Blue Book {edt)

e of Organic Ci istry, y referred to by ists as the Blue Book, is a of 15 on organic chemical nomenclature published at irregular intervals by the International
Unien of Pure and Applied Chemistry (IUPAC). A full edition was published in 1979 [ an abridged and updated version of which was published in 1993 as A Guide to IUPAC Nomenclature of Organic Compounds ]
Both of these are now out-of-print in their paper versions, but are available free of charge in electronic versions. After the release of a draft version for public comment in 2004P] and the publication of several revised

seclions in the journal Pure and Applied Chemistry, a fully revised version was published in print in 2013 14

Gold Book et

The Compendium of Chemical Terminology is a book published by the International Union of Pure and Applied Chemistry (IUPAC) containing internationally accepted definitions
for terms in chemistry, Work on the first edition was initiated by Victor Gold, hence its informal name, the Gold Book.

The first edition was published in 1987 (ISBN 0-63201-765-1) and the second edition (ISBN (-86542-684-8), edited by A. D. McNaught and A. Wilkinson, was published in 1997 A
slightly expanded version of the Gold Book is also freely online. Translations have also been published in French, Spanish and Polish.

Green Book 1edt)

Quantities, Units and Sy in Physical CI istry, commonly known as the Green Book, is a compilation of terms and symbols widely used in the field of physical chemistry. It
also includes a table of physical constants, tables listing the properties of elementary particles, chemical elements, and nuclides, and information about conversion factors that are
commonly used in physical chemistry. The most recent edition is the third edition (ISBN 278-0-85404-433-7), onginally published by IUPAC in 2007. A second printing of the third

edition was released in 2008; this printing made several minor revisions to the 2007 text. A third printing of the third edition was released in 2011. The text of the third printing is ;d";::g‘r;?é AL ’m":r =
identical to that of the second printing. Chemical Terminology

Orange Book (et

The € ium of i e is a book by the Ir al Union of Pure and Applied Cl Y (IUPAC) g interr accepted definitions

for terms in analytical chemlstry It has traditionally been published in an crange cover, hence its informal name, the Orange Book.

Although the book is described as the "Definitive Rules”, there have been three editions published; the first in 1978 (ISBN 0-08022-008-8), the second in 1987 (ISBN 0-63201-807-T)
and the third in 1998 (ISBN 0-86542-615-5). The third edition is also available online. A Catalan translation has also been published (1987, ISBN §4-72683-121-3).

Purple Book  [edi)

The first edition of the Compendium of M. Terminology and Ni lature, known as the Purple Book, was published in 1881 and is now oul of print

Red Book |[edt)

e of I ic € Y. by ists commonly to as the Red Book, is a colle{‘.hon of rece ions on i ic chemical nomenclature, It is published
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Why is it so hard to....

LETTERS

NATURE CHEMICAL BIOLOGY VOLUME 3 NUMBER 5 MAY 2007

nature
chemical biology

Chemical genetics reveals a complex functional ground

state of neural stem cells

Phedias Diamandis™™, Jan Wildenhain®, Ian D Clarke'?, Adrian G Sacher'?, Jeremy Graham'?,
David § Bellows®, Erick K M Ling'2%, Ryan ] Ward'25, Leanne G Jamieson'25, Mike Tyers* &

Peter B Dirksh238
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4).0pen PHACTS
Pharmacological data

Molecular weight & formula Synonyms Activity type, value, concentration

H-Bond acceptors / donors SMILES Assay description

Polar surface area, AlogP | InChl / InChlkey | Target organism
...and more | ...and more | ...and more
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Chemical structures representation

0 Ly o
OH
HC(_-© —
o g
o e Chemical Database
. % omic Chemical Name = Representation | Molar Mass
Benzene clcececeel 78.1118
= = Ethanol CCO 46.0684 R U
Freon CIC(BNCFFF 197.382 " 0.00\ v 00 0000000000
- Formaldehyde cO 30.026 '
Ll Methane c 16.0425
= Methanol CcO 32.0419
Propanol CcCcocC 60.1
SR e | Toluene Cclcccect 92.1384
Indole clcecc2ec[nH]c2ct 117.148

Ammonia N 17.0305




INChl (http://www.inchi-trust.org/

Input Structure Normalized Structure Canonical Numbering
CH “
He” “cH 6§ ““ZF
HC CH ER N
el 3~
Input Structure Normalized Structure Canonical Numbering
CH—CH 4 3
/ \ s o, Ls 7
o c—c¢ c—<C 25 5
V21
CH—CH 11
Input Structures Normalized Structure Canonical Numbering
7 N\
N 2
= cH M _cn e 1m0 G
ﬁ T N 1, 7 T 12
N R L A B
CH™ ey TCH \-3/-?\11 Ty

{InChI version)

1. Main Layer (M):
S formula)
felconnections)
/hi{H_atoms]

2. Charge Layer
Sqgi{charge)
/piprotons}

3. Stereo Layer

Jb{stereordbond}

Js{stereoitype (l=abs, Z=rel, 3=rac)}

4. Isotopic Layer (MI):

Lt

5. Fixed H Layer (F):
SE{fixed _H:formula}*
Shifined H:HE fixed}
Sqifized H }
/b{fixed Histereo:dbond)

Sri{fized H t=p3}

Sm{fixed Histereo:zp3:inverted)

/s|fixed_H:sterea:type (1=abs, 2=rel, 3=rac)}

(6.) Fixed/Isotopic Combination (Fl)

fi{fixed H:isotopic:atoms}+

/b{fixed H:isotoplic:sterec:dbond)
/t{fixed_H:isotopic:stereo:sp3}
Sm{fized_H:isctopic:sterec:spl:inverted]

fe{fixe sotopicisterec:type (l=abs, Z=rel, I=rac})
foltransposition]




Depositions Profile

Submit new deposition

Datasource
File

Validate
Standardize
Calculate Properties
Parents Generation

Public

Select.. Q

-

Welcome, Alexey Pshenichnov!

Sign out

Data Repository

Deposition Gateway

Home Submit

WFind file

Depositions )

o

cada2290-d1c8-4923-945¢-
1fdacd95c0id

39df6611-c08-4490-Oeae-
v it 19600261 ad34
TiBeaadd-T01-42d5-bada-
DBalifBal17ay

600ca202-638c-4b18-9bZc-
2cfe0ctB721

B58ceabd-3300-475c-984b-
©3c52dbeidT1

bfdb356e-381e-db14-h54f-
2TEbE528085

b7b3edas-35b0-44ba-8775-
eT6452460087

01931b57-5498-4416-91bd-
Tdd831391825

2adcadfi2-61ed-4df3-a3f6-
2d18e3df1102

Profile

Date

107712015

10/7:2015

106712015

1082015

106872015

1V&/2015

10/8/:2015

1072042015

1072172015

Datasource

WikiPathways

Thomson Pharma

MeSH

ChEBI

DrugBank

Human Metabolome

Database

ChEMBL

MesSH

FDBE

Depositor
Aleksey
Pshenichnov
Aleksey
Pshenichnoy
Aleksey
Pshenichnov

Aleksey
Pshenichnoy

Aleksey
Pshenichnow
Aleksey

Pshenichnov

Aleksey
Pshenichnov

Aleksey
Pshenichnov

Aleksey
Pshenichnov

Chemistry Validation and Standardization Platform

Welcome, Alexey Pshenichnovl  Sign out
File Name Status
sdf F

ThomsonReuters. sdf gz Processed
mesh20151407final sdf zip Deposited2GCN
ChEBI_lite.sdf gz Deposited2GCN

b nip D N
hmdb.zip Deposited2GCN
chembl_20 sdf Deposited2GCN
mesh_20151016.zip Processed
pdbad_2 zip Deposited2GCN




CVSP — submission details

Home Submit Depositions Prafile Welcome, Alexey Pshenichnovl  Sign out
Deposition @ Annotations | S Jobs | @Chunks || B Delete | | @ Delete From GON
Guid 3320-475c-904b- 71
Public  No
Datasource DrugBank Filter
Status  Deposited o GCN
Files  drugbank zipall sdf By REGIDS

Submitted  2015/10/08
Records Ermors - 41 Wamings - 755 Information - 2668

Examphi rogid?, regid2

Processing Parameters Validate true Severities. Issue Types
Standardize true
4 5 100,26 - Smiles goneration failed (1
PropertiesCalculation  true # @ Emor (41) # 10026 - Smi aticn tailed (1]
(1 & Weming (755) ) 100 60 - Nat able 1o properly dearomatize {14}
ParentsGeneration true (1 @ Intormation (2666) @ 400 12 - Standardization faded (25)

@ 200.20 - Ambigueus H (ndigo) (2)

# 100.27 - Canonical smiles generation failed (7)
# 10029 - InChI generation tailed (4)

# 100.5 - Contains nen aromatic query bondis) (2)

ecords (I ¥
2 # 500 1 - Processing operation failed (38}
Ordinal  Original Issues Standardized
9
OH
MNH2 ab NH2

N I OH
L
I 0 N, S -




Ordinal

20

22

REGID Original

1-

isopentyloxy-

1=

propoxypropane CH.
HiC

CH.
i

2.5- CH
dimethylcyclopentanope L)

CHs

3-((2-
methyl3-

furyl)thio)-2- 5 CHa

butanone }wa 5 yr o
H3C =

CH3z

34-

dihydro-

2,5,7.8-

tetramethyl- {( A
. ey
(4.812-

trimethyltridecyl)}-2h-

1=~

benzopyran-

&-ol

Issues

L] Contains completely undefined stereo
— enantiomers

3 Contains completely undefined stereo
- mixtures

[} Contains completely undefined stereo
— enantiomers

] Contains completely undefined stereo
- mixtures

HsC

Standardized

CHs

HCI

Dawnload

— HCl 4 H:N—CHa

% of

Atoms

.".{hh S é -

o

61

Tssues

lmore than one instance of
fsame molecule found in
v freactants :
[InChI=15/C5HEN202/c1-
3-4(5(8)2)7-2-6-
[3/h2H.1H3.(H.6.7 )(H.8.3)
more than one instance of
fsame molecule found in
reactants :
InChI=15/1K/q+1
percentzge of mzpped
jatoms: £0-80%
0 band made or broken, 0
band arder changed
e

Warn

Warn

warn

tsame molecule found in
wamn [reactants and products
[InChI=15/CIH/h1H
percentage of mapped
lstoms: <20%

0 bend made or broksn, O
lbond arder changed

warn

Warn

reentage of mapped
ems: 60-80%

1 bend made or broken




L]

Search term: 85940 (Found by CSID) @

O

OH

©® 20 3D save Zoom

2-0x0-1-0xaspiro[4.5]decane-4-carboxylic acid

ChemSpider ID: 85940

Molecular Formula: C1uH14O4

Average mass: 196.215805 Da

Monoisotopic mass: 198.089203 Da

¥ Systematic name
2-Oxo-1-0xaspiro[4.5]decane-4-carboxylic acid

» SMILES and InChls
» Cite this record

oH CH2

CHz
OH
M
@@\
N M Br
J. Brechner, IUPAC

OH
Graphical Representation of
stereochem. configurations
Section: ST-1.1.10

D
Al B

Ol

Not acceptable
DB06287



has_isotopically_unspecified_parent
[CHEMINF:000459]

\ http://ops.rsc.org/OPS45978

has OPS normalized counterpart
[CHEMINF:000458]

has_stereoundefined_parent \
[CHEMINF:000456] R
is_tautomer_of

[chebi:is_tautomer_of]

\ CHa
CH- CH:

0
0 CH. CHo ] o o—o
D D
= CHa
HO o HO = o HiC
H-C H CH3

< C
CH. CH

http://ops.rsc.org/OPS45981 http://ops.rsc.org/lOPS45987 http://ops.rsc.org/OPS45991

http://ops.rsc.org/OPS45975




CVSP - mapping

Add Annotation

External ID DATABASE_ID

= - |

Add Annotation

External ID DATABASE_ID

DATABASE_ID
DATABASE_NAME
SMILES
INCHI_IDENTIFIER

INCHI_KEY

FORMULA

MOLECULAR_WEIGHT

EXACT _MASS
JCHEM_ACCEPTOR_COUNT
JCHEM_AVERAGE_POLARIZABILITY |
JCHEM_BIOAVAILABILITY
JCHEM_DONOR_COUNT
JCHEM_FORMAL_CHARGE
JCHEM_GHOSE_FILTER
JCHEM_IUPAC
ALOGPS_LOGP
JCHEM_LOGP
ALOGPS_LOGS
JCHEM_MDDR_LIKE_RULE
JCHEM_NUMBER _OF RINGS

Add Annotation

External ID v J DATABASE_ID

External ID

InChi

InChl Key Cancel Add
SMILES

Synonym
Xref
Comment




Home

CVSP — rules

Depositions Profile

|21 Email me when my submissions are processed

My Rules

D

Default CVSP Rules Community Rules Private User Rules

Title

Acid-Base rule set (default)
Validation rule set (default)
Standardization rule set (default)

My Rubes. Default CVSP Rules Community Rules Private User Rules
My Acid-Base Rules

New Acid-Aase Rules

My Validation Rules

New Validation Rules (Smarts)

My Standardization Rules

New Standardization Rules (modules, Smirl

Feedback

Contant Typs

Ownar

Date created

Cate revised

Passed XML Validation:

Titie

Description

XML Contant

Valdaten nide sat
CvsP
261172014 20:33:29
26/11/2014 20:33:29
True
Validation rule set (default}

Validation rule set (default)y

<Pl varsion="1.0" encoding="utf-8" 7> -
<rules>

<moleciienies>

k= The SMARTS tests below are complimertary to set of validations that CVSP does by
cetault —>

<Waming ge="Contans -
|CXAH A THS 2]
<test name="SMARTStest” param="[CXSHZ]1[CXS HZ 4 )[CX4:HZ 4]
CXAHZ 1
</Varming
<Warming message="Contans ethane” description="CX4;HIJCH4HI>
<test name="SMARTStest" param="{CX4:HIPCK4 HIT />
</WVarning>
<Waming ge="Contains 5 with no i " ption="T5:001">
<test name="SMART Stest" param="S:00]">
<MNarning>
<Waming message="Contains B with no explicit bonds™ descrpbon="8;D0]™>
<test name="SMARTStest" param="18.00]"=
</NVarning>

[CHeHZ TS HZ 4]

“Waming message="Contans methans” description="TCX4 H4T >
<test name="3MARTStest” param="[CX&.H4T=> b
<Narnings




Karapetyan et al. Journal of Cheminformatics (2015) 7:30 lof
DOl 10.1186/513321-015-0072-8 JOUI’TIB Ol i .,
Cheminformatics

METHODOLOGY Open Access

The Chemical Validation and Standardization @
Platform (CVSP): large-scale automated
validation of chemical structure datasets

Karen Karapetyan'", Colin Batchelor’, David Sharpe?, Valery Tkachenko' and Antony J Williams™

Abstract

Background: There are presently hundreds of online databases hosting millions of chemical compounds and associated
data. As a result of the number of cheminfarmatics software tools that can be used to produce the data, subtle
differences between the various cheminformatics platforms, as well as the naivety of the software users, there are
a myriad of issues that can exist with chemical structure representations online. In order to help facilitate validation and
standardization of chemical structure datasets from various sources we have delivered a freely available internet-based
platform to the community for the processing of chemical compound datasets.

Results: The chemical validation and standardization platform (CVSP) both validates and standardizes chemical structure
representations according to sets of systematic rules. The chemical validation algorithms detect issues with submitted
maolecular representations using pre-defined or user-defined dictionary-based malecular patterns that are chemically
suspicious or potentially requiring manual review. Each identified issue is assigned one of three levels of severity -
Information, Warning, and Error — in order to conveniently inform the user of the need to browse and review
subsets of their data. The validation process includes validation of atoms and bonds (e.g., making aware of query
atoms and bonds), valences, and stereo. The standard form of submission of collections of data, the SDF file,
allows the user to map the data fields to predefined CVSF fields for the purpose of cross-validating associated
SMILES and InChls with the connection tables contained within the SDF file. This platform has been applied to
the analysis of a large number of data sets prepared for deposition to our ChemSpider database and in preparation of
data for the Open PHACTS project. In this work we review the results of the automated validation of the DrugBank
dataset, a popular drug and drug target database utilized by the community, and ChEMBL 17 data set. CVSP web site is
located at http//evsp.chemspider.comy.

Conclusion: A platform for the validation and standardization of chemical structure representations of various formats
has been developed and made available to the community to assist and encourage the processing of chemical structure
files to produce more homogeneous compound representations for exchange and interchange between online




What exactly CRS provides?

1. Chemistry processing
Validation
Standardization
Properties generation
Properties retrieval

2. Export

. RDF
. SDF

3. API

Domain-specific searches
Chemical visualization
Properties

Conversions



Subsystems

e CVSP (frontend, backend, database)

e Compounds (frontend, database)
 OpenPHACTS API (frontend, database)
e Datasources registry (frontend, database)

 Processing farm (optional)




CVSPv1.0vsv2.0

* Indigo =2 Indigo, CDK, RDKit

e Windows - Platform independent (.NET Core, Docker)
e Web App -2 Libraries (.NET, Python)

* 3-tier 2 Microservices
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CVSP on Jupyter - validation

In [1]:

from CVsSP_alpha_indigo import get_infolist,get ontology rules,standardize,add_ontology,validate

validate('validation.xml','val test 1.mol',format="mol')

Warnings:

Contains ethane

Information:

Contains enel function
Contains nitrosc form of oxime

Hs

Warnings:
Contains ethane




CVSP on Jupyter - standardization

In 1]t

from CVSP_alpha_indige impert get_infolist,get_cetology_rules,standardize,add_ontology,validate

standardize 'standardizsticn.sml’, t_stand 2.mel’, formats'mcl”

N n _
og 20 |l RN
Input Standardlzed

Molecule 1 Changss mede:

converting S-valent N in nitro gri

[*:1] [0, P, s, 5652 ] (=[0, 5,50, Te: 3]1=[0,5, 5e, Teid D2 [ *: 1] [Ne,Pe, As, 5ot 2] L [0- 8-, Se-, Te-: 3] 1o 0,5, 5e, Teid]
and a.

[H:2]00: 30 [c: 4]0 [n:5] [c26](05: 71[n SV PICEL [ ) [ A
[u 11, ([H:2]I[C8]a=[5:7

18] [cz11] 1M, * 11205 [H L) [N L0C T [W, * 18] Jm[ €2 11 ) ([, * 142 T3 [E24] (=

[-:1][c::gqc:s][o:q[u:s]»[-:111::11:[H:s1|-[c:s]-[n:4].

: jupyter UNED Last Checkpaint: 03152017 (autosaved)

File Edit View Insert Call Kemal Help

B+ || B[4+ |[H B C|cCoe v | =

CelToolbar

A

| Python 2 ©

In [1]:

standardize

‘standardization.xml’, ‘real_several_test.sdf',shom=True

from CvsP_alpha_indigo_test impert get_infolist,get_cntology_rules,standardize,add_cntology,validate

Molecule

Changes made

OH

)\ 0H=<

Z

=]

Input

N*:o

Standardized

/

Molecule 1 Changes made:

converting S-valent N in nitre group

[*1][M, P, As,Sb:2](=[0,5,Se, Te:3] =[O, 5, 5e, Ter4]==["1]
[M+,P+ As+ Sh+2)i[0-5- Se- Te-:3])=[0,5,5¢ Te:4]
diazo and azo

[ AT=[N 2N 3]=={" 1]=[N+2]=[N-3]

20j: thiouracil

[H:2][O: 3][c: 411 [n:5][c:6]([S:7][H: 1]){n:8][c:81([H,* 10])
[e:1111[H, * 12]=={H: 1[N 8] 1[C:9}[H, " 10]=[C: 1]

(IH * 12 C:4}(=[0: 3] )[N:5)[H:2]C:6]1=[S:7]
ynokketene

[+ A0[C-2HC- 3)[0-4)H: 5]=={* 11[C-2]([H:5])=[C. )= 4].

Q

Inp8

+

U)

o=
0—-(..1

Jfl

O—Z

Standal

g

ized

Molecule 2 Changes made:

[N&v3,P8v3, Aslv3, Sbav3: 1}#

[M&vd, Pav4, Aslvd, Shavd: 2]==[N- P- As- Sh-1]=
[N+ P+ As+ Sb+:2]

pyridine oxide

:AJ=0:2]==n+1][0-2]

sulfoxide group

[Svd 1) (=[0:2])[* 3]=={S+ 1}({0-2])[*:3].

CHs

|
N
ie® \/\N

=

N
I

Molecule 3 is valid




CVSP on Jupyter — ontologies, chemotypes, etc

In [1]: | from cvse_alpha_indigo import get infolist,get ontology rules,standardize,add ontology,validste
add_ontology!('ontology.xml', "val_test 1.mol',format="mol’

CHEST: 26684
CHEBI:2571

CHEST: 33854
CHEST: 33855
CHEBT:33659
CHEST: 38537
CHEST: 22712
CHEBT: 36586
CHEST:33575

Chiral
Hz:C

1 val_test_1.mol -~
O 2 _TDIGo-e31917123120
3
4 1515 @ @ 1 @ @ @ @ 8999 V2000
5 -2.8579 1,2375 0.88e0C @ B @ © @ © @ © @ 8 8 ©
6 -2,143% @,5250 0.880C @ B @ B © © @ © @ 8 8 ©
7 -2.1434 228 ©.0206C © B 8 B B 0 8 B A 8 B §
CH 8 -1.4289 1.2375 A.88A0C @ B @ B B @ @ B @ 2 8 0
3 9 -e.7145 ©9.8250 0.8000C € 8 @ © 0 0 @ © @ 2 8 0
19 -8.7145 ©@.0206 ©0.0200C © © 2 0 0 © 2 © 8 @ B @
OH 1 20802 -2.4125 @.9200C © @ @ @ @ © 2 © @ @ @ @
12 8.7145 2.eeea 8.8880 C e @ 2 2 P @ & B B @ 0 @
13 ®.7145 @.8250 @.8200C @ 8 @ 8 B 8 B B @ @ B O
4 @.0082 1.2375 @.6@00C @ 6 @ 8 B 86 @ £ @ @ 0 O
15 1.4289 -@.4125 0.8000C € 8 1 © 8 @ @ © @ 2 8 0
= 16 1.4289 -1,2375 08006 C € 8 @ B 8 @ @ © @ 2 8 0
CH 17 2,1434 @.980¢ 0.8800C € 8 2 @ 0 @ @ @ @ 8 @ @
. 3 18 2.1434 @350 A.8840C 8 B B B B @ & D @ 8 B8 0
phenylpropanoid 13 2.8579 2.4125 @.0%980 © B @ 8 B @ 8 B B B B O
- % 1218688
aliphatic alcohol 21 23 18ee8
aromatic compound Zziiroecse
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1 Open Science Data Repository (OSDR)
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I Chemical processing
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Built-in Machine Learning
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o
FAIR Data Principles

To be Findable:

F1.(meta)data are assigned a globally unigue and eternally persistent identifier

F2_data are described with rich metadata
F3. (metaldata are registered or indexed in a searchable resource
F4. metadata specify the data identifier.

To be Accessible:

Al [metaldata are retrievable by their identifier using a standardized communications protocol

Al the protocol is open, free, and universally implementable
Al2 the protocol allows for an authentication and authorization procedure, where necessary
A2 metadata are accessible, even when the data are no longer available

To be Interoperable:

11. [meta)data use a formal. accessible, shared. and broadly applicable language for knowledge representation.

12. (meta)data use vocabularies that follow FAIR principles

13 (meta)data include qualified references to other (meta)data
To be Re-usable:

R1. metaldata) have a plurality of accurate and relevant attributes,

R1.1. (meta)data are released with a_clear and accessible data usage license.

R1.2. (meta)data are associated with their provenance.
R13. (meta)data meet domain-relevant community standards
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Extensible micro-service based architecture
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summary

e OpenPHACTS Chemistry Registry System (CRS)
e Uses open source toolkits (CDK, RDKit, Indigo)
e Rules are expressed in XML format

e Can handle specific cases via modules

e Supports FAIR data principles

* Evolve and improve continuously
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