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Chemical Patents 

• ≈ 70 European chemistry 

patents per week 

• Hundreds of pages in 

length 

• Hundreds of reactions 

per document 

• Not machine readable! 



Semanticizing Reactions 

<reaction> 

  <productList> 

    <product> 

      <molecule title=„3-([Methoxycarb 

    </product> 

  </productList> 

  <reactantList> 

    <reactant> 

      <molecule title=„Isopropyl 3-(hyd 

      <amount units=„cml:g‟>200</am 

      <amount units=„cml:mol‟>1.0</a 

    </reactant> 
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PatentEye Overview 

Chemical Tagger 

• Deflatten XML 

• Document segmentation 

• Experimental paragraph     

 identification 

• OSCAR3 data annotation 
• OSRA image analysis 

• Back reference annotation 

Product Validator 
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Document Segmentation 
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Classification of Experimental 

Paragraphs 

3-{[Methoxycarbonylmethyl-(toluene-4-sulfonyl)-amino]-methyl}-

pyridine-2-carboxylic acid isopropyl ester (1.02 mol) was dissolved 

in dry methanol (4000ml) and cooled to zero degrees under 

nitrogen. Then via addition funnel, sodium methoxide (137.8g, 2.5 

mol) was added slowly to avoid any exotherm. 

The compounds of the present invention can be readily prepared 

according to the following reaction schemes and examples, or 

modifications thereof, using readily available starting materials, 

reagents and conventional synthesis procedures.  

Can a machine tell them apart? 



Classification Results 

Experimental Non-experimental 

Probability Frequency Probability Frequency 

0.99 115 0.99 12 

0.98 ≥ p > 0.95 1 0.06 < p < 0.5 2 

0.05 ≥ p > 0 3 0.01 < p ≤ 0.06 3 

0.01 102 

• Naïve Bayesian Classifier 

• Experimental paragraphs: 96.6% 

• Non-experimental paragraphs: 89.9% 



Data Annotation 

1H NMR(400MHz) 1.20 (3H, t), 1.97 (3H, s), 4.10 (2H, q)  

prologue spectrum 

peak assignment 



Annotation Performance 

FPTP

TP
Precision 

OSCAR 3 current 

performance 

Spectrum type # in 

corpus 
Precision 

(%) 

Recall 

(%) 

MassSpec 199 70% 61% 

HNMR 202 82% 89% 

CNMR 24 85% 92% 

FNTP

TP
Recall



Image Interpretation - OSRA 

SMILES 



Image Interpretation Results 

• By comparison to manually-redrawn structures 

% 

Correct by InChI 34 

Incorrect by InChI 40 

Partial SMILES 26 

Invalid SMILES 1 



 Example 3: 

 The title compound was prepared using 

the procedure described in Example 2, 

Step 2 from 8-hydroxy-1,6-naphthyridine-

7-carboxylic acid and 1(R,S) aminoindane. 

Back Reference Annotation 

Example 1 

Step 1 

Step 2 

Example 2 

Step 1 

Step 2 

Example 3 



 
DMAP (2.48 g, 11.8 mmol) was dissolved in THF (50 mL)  
   
              AMOUNT                            AMOUNT  
 
             MOLECULE         MOLECULE              
    
                                                                                   Prep-Phrase 
             
                Noun-Phrase                                Verb-Phrase   
 
 
                                              Sentence 

Identification of Reagents with 

ChemicalTagger 



 Triphosgene (0.556g, 1.87 mmol) was added over 20 

mins to a solution of 8-hydroxy-1,6-naphthyridine-7-

carboxylic acid (0.89g, 4.68 mmol) and 

diisopropylethylamine 3.26 ml, 18.7 mmol) in DMF (22 

ml) at 0°C. 2,5-dichlorobenzylamine (0.142 ml, 1.05 

mmol) was treated with a portion of the above solution 

(0.58ml, 0.07 mmol) and the resulting mixture was 

stirred at room temperature for 16 hrs. 1H NMR 

(d6DMSO, 400MHz) d 9.90 (1H, br t, J=5.0 Hz)), 9.20 

(1H, d, J=4.0 Hz), 8.95 (1H, s), 8.65 (1H, d, 

J=8.0Hz),7.85 (1H, dd, J=8.0 and 4.0 Hz), 7.54 (1H, d, 

J=8.0Hz), 7.50-7.30 (2H, m), 4.64 (2H, d, J=5.0 Hz) 

ppm. FAB MS calcd for C16H11N3O2Cl2 348 (MH+), 

found 348. 

Preparation of N-(2,5-dichlorobenzyl)-8-hydroxy-

1,6-naphthyridine-7-carboxamide 



 Triphosgene (0.556g, 1.87 mmol) was added over 20 

mins to a solution of 8-hydroxy-1,6-naphthyridine-7-

carboxylic acid (0.89g, 4.68 mmol) and 

diisopropylethylamine 3.26 ml, 18.7 mmol) in DMF (22 

ml) at 0°C. 2,5-dichlorobenzylamine (0.142 ml, 1.05 

mmol) was treated with a portion of the above solution 

(0.58ml, 0.07 mmol) and the resulting mixture was 

stirred at room temperature for 16 hrs. 1H NMR 

(d6DMSO, 400MHz) d 9.90 (1H, br t, J=5.0 Hz)), 9.20 

(1H, d, J=4.0 Hz), 8.95 (1H, s), 8.65 (1H, d, 

J=8.0Hz),7.85 (1H, dd, J=8.0 and 4.0 Hz), 7.54 (1H, d, 

J=8.0Hz), 7.50-7.30 (2H, m), 4.64 (2H, d, J=5.0 Hz) 

ppm. FAB MS calcd for C16H11N3O2Cl2 348 (MH+), 

found 348. 

Preparation of N-(2,5-dichlorobenzyl)-8-hydroxy-

1,6-naphthyridine-7-carboxamide 



Example 3: N-[(1R,S)-2,3-dihydro-1H-inden-1-

yl]-8-hydroxy-1,6-naphthyridine-7-carboxamide 

 The title compound was prepared using the 

procedure described in Example 2, Step 2 

from 8-hydroxy-1,6-naphthyridine-7-

carboxylic acid and 1(R,S) aminoindane. 

Resolution of Analogous 

Reactions 



Molecules in Reference Reaction 











Checking the Product 

• 1H NMR – expected proton count 

• Mass spectrum – expected mass 

• OSRA – expected connection table 

<product> 
  <molecule title=„foo‟ 

      matchesNmr=„?‟ 

      matchesMassSpec=„?‟ 
      matchesImage=„?‟ 

    <atomArray>…</atomArray> 
    <bondArray>…</bondArray> 

  </molecule> 

</product> 



Conversion to RDF 

http://www.patenteye.com/#ep01783120b1 

MARTÍN JUÁREZ, Jorge PASCUAL COCA, Gustavo 

ES 

hasCountry hasAuthor hasAuthor 

Patent 



Conversion to RDF 
http://www.patenteye.com/#ep01783120a1 

http://www.patenteye.com/#ep01783120a1-h0008 

hasReaction 

hasMolecule 
hasMolecule 

http://www.patenteye.com/#ep01783120a1h0008meoh 

http://www.patenteye.com/#ep01783120a1h0008oxalicacid 

solvent 

hasRole 

http://rdf.openmolecules.net/?inchi=1s/ch4o/c1-2/h2h,1h3 

hasCompound 

Patent 



Conclusions 

• Chemical reactions and data are 

automatically abstracted from the literature 

• Data is semantically encoded to be 

machine-readable & reusable 

 

• Technology continues to be under 

development 
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