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Introduction



Motivation
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Let’s find reactions 

producing this molecule.

Which catalysts can 

improve the yield of of 

this chemical (aspirin)?



ChemScraper and Reaction Miner Integration

Task: Extract reactions from documents 

1. ReactionMiner: Extracts structured chemical reaction information from literature (document PDF text) 

2. ChemScraper: Parses CDXML/SMILES from literature (document molecule diagrams) 

Integration: Match ReactionMiner information to parsed ChemScraper molecule diagrams (SMILES)
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Chemical Reaction SMILES

Product 2-chlorophenol Oc1ccccc1Cl

Reactant1 phenol Oc1ccccc1

Reactant2 oxalyl chloride ClC(=O)C(=O)Cl 

Combined Output

[1] Zhong et al., "Reaction Miner: An Integrated System for Chemical Reaction Extraction from Textual Data". In Proceedings of the 2023 Conference on Empirical Methods in Natural Language Processing: System Demonstrations (pp. 389-402). 
[2] Shah et al., “ChemScraper: leveraging PDF graphics instructions for molecular diagram parsing,” IJDAR, vol. 27, no. 3, pp. 395–414, Sep. 2024, doi: 10.1007/s10032-024-00486-7.
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ChemScraper: Molecular Diagram Parsing



ChemScraper: Molecular Diagram Parsing
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“C1=CC=C(C=C1)[N+](=O)[O-]”

SMILES String

ChemScraper Parsing Model: graph decoder to convert input graph on primitives to output molecular graph

Raster (e.g. PNG)RasterVector (e.g. PDF)
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(d) Tokenized Visual Graph 
nodes: bonds, atoms & superatoms 

edges: connections
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Born-digital Parser: PDF Molecule Image



ChemScraper and Reaction Miner Integration



ChemScraper and Reaction Miner Integration

Task: Extract reactions from documents 

1. ReactionMiner: Extracts structured chemical reaction information from literature (document PDF text) 

2. ChemScraper: Parses CDXML/SMILES from literature (document molecule diagrams) 

Integration: Match ReactionMiner information to parsed ChemScraper molecule diagrams (SMILES)
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Chemical Reaction SMILES

Product 2-chlorophenol Oc1ccccc1Cl

Reactant1 phenol Oc1ccccc1

Reactant2 oxalyl chloride ClC(=O)C(=O)Cl 

Combined Output

[1] Zhong et al., "Reaction Miner: An Integrated System for Chemical Reaction Extraction from Textual Data". In Proceedings of the 2023 Conference on Empirical Methods in Natural Language Processing: System Demonstrations (pp. 389-402). 
[2] Shah et al., “ChemScraper: leveraging PDF graphics instructions for molecular diagram parsing,” IJDAR, vol. 27, no. 3, pp. 395–414, Sep. 2024, doi: 10.1007/s10032-024-00486-7.
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Input Document (Paper9_SIa.pdf)
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ChemScraper and Reaction Miner Integration

Reaction Miner Output

Reaction Reaction Miner Dictionary

1 Text A stirred solution of 32 ....

Product all-trans-retinal (23)

Reactant1 32

Reactant2 22

Yield 66% (all-trans-retinal (23))

ChemScraper Output

Document Page Molecule Predicted SMILES

Paper9_SIa 1 1 Br/C(C)=C/C=O

2 CC1(C)C(/C=C/C(C)=C/C=C B(OC(C2)=O)OC(CN2C)=O)=C(C)CCC1

3 CC1(C)C(/C=C/C(C)=C/C=C/B(O)O)=C(C)CCC1

4 CC1(C)C(/C=C/C(C)=C/C=C/C(C)=C/C=O)=C(C)CCC1

5 COC1=CC=CC(OC)=C1C2=C(P(C3CCCCC3)C4CCCCC4)C=CC=C2

Chemical Reaction 1 Reference molecule SMILES

Product all-trans-retinal (23) Paper9_SIa_Page1_No004 CC1(C)C(/C=C/C(C)=C/C=C/C(C)=C/C=O)=C(C)CCC1

Reactant1 32 Paper9_SIa_Page1_No003 CC1(C)C(/C=C/C(C)=C/C=C/B(O)O)=C(C)CCC1

Reactant2 22 Paper9_SIa_Page1_No001 Br/C(C)=C/C=O

Yield 66% (all-trans-retinal (23)) - -

Final combined output

Goal: Extract reactions from documents 

• Reaction Miner: Structured reaction data from document PDF text 

• ChemScraper: CDXML/SMILES from document molecule diagrams  

• Integration: Match reaction miner data to chemscraper molecule diagrams and SMILES
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ChemScraper and Reaction Miner Integration

Matching Reaction Miner Data and Chemscraper Molecule Diagrams 

1. String matching 

• Molecule ID from reaction miner compared to words near molecules 

• Levenshtein distance between nearest strings to select best match 

• Example: 32, 22, compond 2a 

2. SMILES matching 

• Compound name from Reaction Miner converted to SMILES using OPSIN API 

• Tanimoto similarity on converted SMILES and chemscraper SMILES output to select best match 

• Example: ethyl acetate, propanoate, vinyl iodide
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Reaction Miner Output

Reaction Reaction Miner Dictionary

1 Text A stirred solution of 32 ....

Product all-trans-retinal (23)

Reactant1 32

Reactant2 22

Yield 66% (all-trans-retinal (23))

ChemScraper Output

Document Page Molecule Predicted SMILES

Paper9_SIa 1 1 Br/C(C)=C/C=O

2 CC1(C)C(/C=C/C(C)=C/C=C B(OC(C2)=O)OC(CN2C)=O)=C(C)CCC1

3 CC1(C)C(/C=C/C(C)=C/C=C/B(O)O)=C(C)CCC1

4 CC1(C)C(/C=C/C(C)=C/C=C/C(C)=C/C=O)=C(C)CCC1

5 COC1=CC=CC(OC)=C1C2=C(P(C3CCCCC3)C4CCCCC4)C=CC=C2

Input Document (Paper9_SIa.pdf)
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M56

ChemScraper and Reaction Miner Integration

Molecule with ID 56 (M56) matched with a reaction extracted from text region with id 19 (TR19)

M56

TR19

Input Document Page Integration Output JSON

TR19
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ChemScraper and Reaction Miner Integration

More visualization outputs
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• Integration: ReactionMiner + ChemScraper integrated online system 

• Born-digital Parser: New parsing strategy focused on accurate line geometries 

• Visual Parser: Handling imbalanced class distributions and robustness by adding image noise

Next Steps
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Improved Born-digital parser strategy Online ChemScraper system
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