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Encoding chemical intuition: the challenge of synthesizability prediction

CAN WE PREDICT SYNTHESIZABILITY OF THE MOLECULE?
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Encoding chemical intuition: the challenge of synthesizability prediction

SYNTHESIZABILITY SCORES

Structure based PubChem (10° molecules)

Reaction based Reaxys

Reaction based outcomes generated by AiZynthFinder (USPTO based) on ChEMBL compounds
Reaction based outcomes generated by Retro* on ChEMBL compounds, ZINC, Nonpher

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

Structure based PubChem + labels via FRA

Structure based Molport (purchasable database)
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Encoding chemical intuition: the challenge of synthesizability prediction

TEST DATASET

81 compounds
37 HS /44 ES
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Encoding chemical intuition: the challenge of synthesizability prediction

TEST DATASET

Distribution of 5A_Score by Synthesizability
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TEST DATASET
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TEST DATASET
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Encoding chemical intuition: the challenge of synthesizability prediction

TEST DATASET

Pairwise Agreement Between Binary Classifiers

ISt 1.00 0.79 0. 4 0.78 0.69

bin_GASA 4 5 4 0.69 : 0.8
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Encoding chemical intuition: the challenge of synthesizability prediction

TEST DATASET

Pairwise Agreement Between Binary Classifiers

bin_MolPrice iy

bin_GASA

bin_sascore k]

bin_ dfr g

bin_deepsa ] g 1.00

bin_scscore g 0.75 0.64 0.70

Cohen's Kappa Between Tools

bin_MolPrice iy 0.80 0.62

bin_GASA 0.72

bin_sascore Q]

bin_scscore

bin_deepsa 0.38 0.22 0.23 0.19

0.30 0.14
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Encoding chemical intuition: the challenge of synthesizability prediction

USPTO / DATASETS

Cohen’s Kappa Between Tools

Cohen's Kappa Between Tools

bin_MolPrice 0.02 0.25 0.13 bin_MolPrice
0.8
bin_GASA bin_GASA
0.6
) ) 0.4
bin_sascore bin_sascore
0.2
bin_RA bin_RA
a
bin_MolPrice  bin_GASA  bin_sascore hin_R& bin_MolPrice  bin_GASA  bin_sascore bin_R&4
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Encoding chemical intuition: the challenge of synthesizability prediction

LOGISTIC REGRESSION MODEL

USE SEVERAL SCORES SIMULTANEOUSLY — LOGISTIC REGRESSION
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Encoding chemical intuition: the challenge of synthesizability prediction

LOGISTIC REGRESSION MODEL

USE SEVERAL SCORES SIMULTANEOUSLY — LOGISTIC REGRESSION

EXHAUSTIVE SEARCH BY F1 SCORE

z = —2.11 SAgeore — 0.93 GASAgcore + 0.35 RAgeore + 6.37

P(ES) =

1+e %
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Encoding chemical intuition: the challenge of synthesizability prediction

PERFORMANCE COMPARISON

Predictor Accuracy Precision Recall F1
Predicted Synthesizability 0.925 0.880 1.000 0.936
bin_sascore 0.912 0.951 0.886 0.918
bin_RA 0.830 0.796 0.977 0.878
bin_MaolPrice 0.863 0.902 0.841 0.871
bin_GASA 0.8B25 0.788 0.932 0.854
bin_DFR. 0.813 0.914 0.727 0.810
bin_scscore 0.725 0.720 0.818 0.766

bin_despsa 0.575 0.679 0.432 0.528
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Encoding chemical intuition: the challenge of synthesizability prediction

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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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS
PubChem

Exact matches

1188 mols
Full agreement on ES
Has 85% SImllarlty
[4 tools]
97 mols
1321
[1,9%]
Parsmg error
36 mols
Generated molecules 2,7%

713865
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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

Molecular Weight Distribution by Existence Category

Full agreement on ES
[4 tools]
1321
[1,9%]

category
B Exact match
B Similar 285%
W nNovel

C&J
Generated molecules

713865

count

50 100 150 200 250
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molecular_welight
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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

c&J
Generated molecules

713865

Full agreement on ES
[4 tools]

count

NH
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molecular_welight

250

Molecular Weight Distribution by Existence Category
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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

c&J
Generated molecules
713865

LogReg ES prediction Sample
36776 1300
[5,2%] [3,5%]

PubChem

Exact matches
93 mols
752%

Has 85% similarity
768 mols
59,1%

Parsing error
439 mols
33,7%
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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

c&J

Generated molecules

713865

count

Molecular Weight Distribution by Existence Category

140

category
B Similar =85%
B Novel
B Exact match

LogReg ES prediction
36776
[5,2%]
200 400 600 800 1000 1200
molecular_weight
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Encoding chemical intuition: the challenge of synthesizability prediction

APPLICATION ON CUT & JOIN RESULTS

Q
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Molecular Weight Distribution by Existence Category
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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

USE SEVERAL COMPOUNDS SIMULTANEOUSLY — LOGISTIC REGRESSION

EXHAUSTIVE SEARCH BY F1 SCORE

z = —2.11SAs.pre — 0.93 GASAgeore + 0.35 RAseore + 6.37

P(HS) =

1+e %

Scaled:
zZ=—248 SAgcore — 1.26 GASAgpre + 0.64 RAg.0re — 0.85
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Encoding chemical intuition: the challenge of synthesizability prediction

TEST DATASET

Pairwise Agreement Between Binary Classifiers
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Encoding chemical intuition: the challenge of synthesizability prediction

C&J RESULTS

Max fragment score vs molecule score Min fragment score vs molecule score
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Encoding chemical intuition: the challenge of synthesizability prediction

C&J RESULTS

Min fragment score vs molecule score
Max fragment score vs molecule score g
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Molecule price
Molecule price
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Min fragment price
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