Towards automated mining
of chemical structures
in Chinese Patents

Daniel Bonniot de Ruisselet
ChemAxon

ICIC 2013, Vienna
October 16" 2013




Patent filings &t IPS Offices 1930-2002

(source: WIPO)

700000
E00000
500000

e Ghina

United States of America

400000 s— ] 302N

= Republic of Korea

== FEuropean Patent Office
300000
200000

100000 Dd‘_

D —m———

1981 1983 1985 1987 1983 1991 1993 1935 1997 199 2001 2003 2005 2007 2009 201
1980 1982 1984 1986 1983 1930 1952 1934 19%6 193 2000 2002 2004 2006 2008 2010 2012




Patent filings &t P> Offices 1930-2007
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Patent filings &t IPS Offices 1930-2012

(sources: WIPO | IP5)
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Why Chinese patents matter

* Volume, exploding...
* Increasingly innovative

* Potential infrigment, lawsuits
* Apple (2008, 2012, 2013), Schneider Electric,
Samsung, ...

* Hard to access because of language




Why chemical mining matters

* Find interesting patent(s) using text search
— Each patent can contain 100s of chemical names
— Convert them automatically to structures
— Enables chemical calculations

* Find interesting patent(s) using chemical structure
search

— Requires building a chemical database index
* Track structures accross multiple patents

— Including multiple languages

— Searching for prior art, infringment, ...

— Chemical similarity search




Putting it together

Chinese patents matter
&

chemical mining matters

—>

Chemical mining of chinese
patents matters




ChemAxon?

* Cheminformatics, since 1998
* All of the top 15 global pharmas are customers

* Chemical database: indexing and searching
* English Name to Structure
* Document to Structure

* Missing piece: Chinese Name to Structure




Chinese Name to Structure

X% (Wei Deng, a.k.a. David)

Builds on english name to structure
Specific dictionaries

Changes in algorithms...




The Challenges

1. Chinese texts have no spaces
2. Ester & Salt

NN

CH,

Ethyl Acetate




The Challenges

3. English: name alterations

TH - buta+ ane — butane

4. Chinese: many Characters have different

meanings
3 =salt
& = acid

$ # = hydrochloric acid




OCR Error correction
3-( FE ) AL

= benzene

= phenyl

S
%{l}l ;

= proprionic acid

Google 3
Translate From: Chinese ~ "'.p To: English + E

Chinese English Spanish Detect language English Chinese (Simplified) Chinese (Traditiomal)

3-(FH)AM %




OCR Error correction
3-( FE ) AL

= benzene

= phenyl

S
%{l}l ;

= proprionic acid

Google 3
Translate From: Chinese ~ "'.p To: English + E

Chinese English Spanish Detect language English Chinese (Simplified) Chinese (Traditiomal)

3-(F )RR * 3 - (stupid yl) propionic acid




Chinese Document to Structure

* Additional challenge: no spaces
9Nzl | FT7REY {5-[2-4- IEFEXFE ) Z2E ]2 ,

LY

-
HE1, 3- 28"\ N -5- B FEHABNTEESMK
SREELRETEYNEZEE)E,




Chinese Document to Structure

* Additional challenge: no spaces

* W | FiREY {6-[2-(4- EFEFE)Z2E ]2, 2-—
AE 1, 3-—8§,\H-5-BE)EEFMANTERS
S REEREGTEMREZH E)E,




Chinese Document to Structure

Additional challenge: no spaces

=\ | FiREY {5-[2-(4- IEFEFE ) ZE]2 , 2-—
HE 1, 3- 2“5/ -5- B FERRATRES
S X EERETEYRIEZP8)E,
XML Markup

» Patent metadata

* Encoding of characters

* Tags (e.g. <p>)

Document annotation




Document to Database

Patent Journal

Office

. F
PDF >
XML

Documentum




Document to Database
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Document to Database
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Validation 1: Chinese name to structure

* Test set: 38,600 Chinese names + CAS
number

* Contains unusual, incorrect, ambiguous
names, radicals, inorganic salts,

°* Conversion rate =59 - 79 %

* Accuracy = 91%




Validation 2: Chinese patents

94K chinese patents with automated english
translation

Filter: structures with at least 20 heavy atoms, and
patents with at least 20 structures

Remains: 2108 patents

Distribution of structure count per patent
(log scale)
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Validation 2: Chinese patents

Origin of unique chemical structures

B English only
M Chinese only
Both

W Chinese OCR errors
OMNo Chinese OCR errors




Conclusions

Patent volume in chinese is booming

It is important to mine & monitor it

Automated solutions are needed, but hard

General purpose auto translation is not enough
Chinese N2S already gives better results
ChemAxon can build solutions for specific workflows

More collaboration with patent providers is needed to
keep improving quality and solutions

G5 |




Extra information

551 !




Automatic OCR Error Correction

(2R)-2-rnethylsulfany1-3-hydrOxybutanediOate

\4

(2R)-2-methylsulfanyl-3-hydroxybutanedioate

Ar-benzyl-Ar-[3-(IH-tetrazol-5-yl)phenyl]propanamide

N-benzyl-N-[3-(1H-tetrazol-5-yl)phenyl]propanamide
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From Document to Structures
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ChemAxon’s “Document to Structure”

* Extract chemical information from documents
— Names: powered by the Naming Technology
— Also import SMILES, InChl, CAS number ...
— Images: OSRA, ...
— Works with scanned non-searchable PDF
— Returns structures and their location in the document




ChemAxon’s “Document to Structure”

* Supported formats:
— MS Office document: doc, docx, ppt, pptx, xlIs, xIsx, odt ...

— Embedded structure objects (ChemDraw, Symyx, Marvin, ...)
— PDF, text, XML, HTML




ChemAxon’s “Document to Database”

* Data in DB:

— Structures
— Source (name, smiles, embedded, ...) and location
— Documents, Authors, Metadata...

* Questions:

— What structures appear in a specific document?

— What documents contain a structure/substructure/...?

— What documents written since 2010 in location X contain
substructure S?
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