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SYNTHESIZABILITY SCORES
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SA Training data

SA Structure based PubChem (106 molecules)

SC Reaction based Reaxys

RA Reaction based outcomes generated by AiZynthFinder (USPTO based) on ChEMBL compounds

GASA Reaction based outcomes generated by Retro* on ChEMBL compounds, ZINC, Nonpher

DeepSA Structure based
outcomes generated by Retro* on ChEMBL compounds, ZINC, Nonpher

DFR Structure based PubChem + labels via FRA

MolPrice Structure based Molport (purchasable database)
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TEST DATASET
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81 compounds

37 HS / 44 ES 
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SA score GASA score

DeepSA score DFR score
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SC score RA score

MolPrice
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USPTO / ZINC DATASETS
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LOGISTIC REGRESSION MODEL
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USE SEVERAL SCORES SIMULTANEOUSLY  LOGISTIC REGRESSION
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LOGISTIC REGRESSION MODEL
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USE SEVERAL SCORES SIMULTANEOUSLY  LOGISTIC REGRESSION

EXHAUSTIVE SEARCH BY F1 SCORE

𝑧 = −2.11 𝑆𝐴𝑆𝑐𝑜𝑟𝑒 − 0.93 𝐺𝐴𝑆𝐴𝑠𝑐𝑜𝑟𝑒 + 0.35 𝑅𝐴𝑆𝑐𝑜𝑟𝑒 + 6.37

𝑃 𝐸𝑆 =
1

1 + 𝑒−𝑧
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PERFORMANCE COMPARISON
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APPLICATION ON CUT & JOIN RESULTS

C&J idea
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APPLICATION ON CUT & JOIN RESULTS

C&J idea
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3 input molecules 150.000 generated molecules
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APPLICATION ON CUT & JOIN RESULTS
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C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%

PubChem



Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

18

C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%



Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

19

C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%



Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

20

C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%

PubChem



Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

21

C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%



Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

22

C&J

Generated molecules

713865

Full agreement on ES

[4 tools]

1321

[1,9%]

Exact matches

1188 mols

89,9%

Has 85% similarity

97 mols

7,3%

Parsing error

36 mols

2,7%

LogReg ES prediction

36776

[5,2%]

Sample

1300

[3,5%]

Exact matches

93 mols

7,2%

Has 85% similarity

768 mols

59,1%

Parsing error

439 mols

33,7%



Encoding chemical intuition: the challenge of synthesizability prediction

CONCLUSION

 Synthesizability prediction remains challenging  

 Existing scores help eliminate unrealistic candidates
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THANK YOU FOR YOUR ATTENTION!

Arina Shelashen

PhD student

Bioinformatics Leipzig

arina@bioinf.uni-leipzig.de 



Encoding chemical intuition: the challenge of synthesizability prediction

LOGISTIC REGRESSION MODEL
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USE SEVERAL COMPOUNDS SIMULTANEOUSLY  LOGISTIC REGRESSION

EXHAUSTIVE SEARCH BY F1 SCORE

𝑧 = −2.11 𝑆𝐴𝑆𝑐𝑜𝑟𝑒 − 0.93 𝐺𝐴𝑆𝐴𝑠𝑐𝑜𝑟𝑒 + 0.35 𝑅𝐴𝑆𝑐𝑜𝑟𝑒 + 6.37

𝑃 𝐻𝑆 =
1

1 + 𝑒−𝑧

𝑆𝑐𝑎𝑙𝑒𝑑:
𝑧 = −2.48 𝑆𝐴𝑆𝑐𝑜𝑟𝑒 − 1.26 𝐺𝐴𝑆𝐴𝑠𝑐𝑜𝑟𝑒 + 0.64 𝑅𝐴𝑠𝑐𝑜𝑟𝑒 − 0.85
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C&J RESULTS
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C&J RESULTS
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