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Please note: this presentation, including questions from the 
audience, is being recorded and may be made available.

New S+pKa Predictor of Ionization 
Constants in ADMET Predictor 11

Robert Fraczkiewicz, PhD
Research Fellow
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• Until 2012 the S+pKa model was exclusively trained on ~11,000 compounds 
from published literature. This model will be labeled as "v 6.0".

• In 2012 Bayer Pharma AG had shared with us an additional set of ~16,000 
compounds with measured pKa. The resulting "v 7.0" model was trained on 
combined data and its prediction results were published in 2015.

A bit of history

Fraczkiewicz, R., et al. (2015). Journal of Chemical Information and Modeling 55(2): 389-397.
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• S+pKa "v 7.0" has shown dramatic improvements in prediction quality as 
evaluated in the Bayer chemical space. All test sets were external.

A bit of history
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ACD/Percepta v. 12 and ADMET Predictor™ v 6.1 show comparable pKa prediction accuracy
ADMET Predictor™ v 7.0 (after retraining with BTr) shows significantly improved pKa prediction accuracy 

Predicted by Trained with MAE RMSE R2

ACD/Percepta v 12 15932 lit pKa 0.77 1.05 0.84
ADMET Predictor v 6.1 14147 lit pKa 0.73 0.95 0.86
ADMET Predictor v 7.0 14149 lit pKa + 19467 Bayer pKa 0.51 0.67 0.93

Prediction statistics for 981-compound Bayer test set with 981 exp. pKa values 
(subset of newest measurements on 12951 Bayer compounds): 

MAE:

A bit of history
• It outperformed competiton, too.


ACD

		Predicted by		Trained with		MAE		RMSE		R2

		ACD/Percepta v 12		15932 lit pKa		0.77		1.05		0.84

		ADMET Predictor v 6.1		14147 lit pKa		0.73		0.95		0.86

		ADMET Predictor v 7.0		14149 lit pKa + 19467 Bayer pKa		0.51		0.67		0.93

		Prediction statistics for 981 compound Bayer test set with 981 exp. pKa values (subset of newest measurements on 12951 Bayer compounds)

		A subset of the 16404 newest Bayer pKa measurments comprising 1000 compounds with 1000 pKa values was processed with the pKa calculation tool from ACD (Advanced Chemical Development) version 12.

		19 compound structures could not be processed by the ACD software since they contained certain functional groups (e.g. sulfoximin).

		The remaining 981 compounds were also processed with SimPlus v. 6.1 and v. 7.0 to compare prediction statistics.
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• Three new industrial partners, Roche, Genentech, and Bayer CropScience, 
have indicated inadequate coverage of their chemical space by the "v 7.0" 
S+pKa.

• Instead of complaining all partners have shared with us significant amount 
of experimental pKa data extracted from their corporate databases.
– Roche has provided ~19,000 compounds
– Genentech has provided ~2,400 compounds
– Bayer CropScience has provided ~4,100 compounds

• From August 2022 until March 2023 we were busy rebuilding the S+pKa 
model with the new data appended to public+Bayer set. The total number 
of ionization constants was 70,810. The resulting newest version carries 
the "v 11.0" label.

2022-2023
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Chemical space projected on the first 3 principal components 
of the ADMET Predictor molecular descriptors matrix

Bayer CropScience
Genentech
Roche
Bayer Pharma
Public
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Bayer CropScience

Public Bayer Pharma

Genentech

Roche
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It's only a rather primitive projection...

An illustration and description of Plato's Cave taken from https://en.wikipedia.org/wiki/Allegory_of_the_cave

"In the allegory 'The Cave', Plato describes a group of people who have lived chained to the wall of a cave all their lives, facing a blank 
wall. The people watch shadows projected on the wall from objects passing in front of a fire behind them and give names to these 
shadows. The shadows are the prisoners' reality, but are not accurate representations of the real world."
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"v 7.0" vs. "v 11.0" performance
• It’s apples vs. oranges, but the relative improvement is welcome

v 7.0 v 11.0
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"v 7.0" and "v 11.0" models vs. received data
• Data from Roche. "v 7.0" RMSE = 0.792, "v 11.0" RMSE = 0.415

RMSE = 0.792 RMSE = 0.415
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"v 7.0" and "v 11.0" models vs. received data
• Data from Genentech. "v 7.0" RMSE = 0.784, "v 11.0" RMSE = 0.519

RMSE = 0.784 RMSE = 0.519
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"v 7.0" and "v 11.0" models vs. received data
• Data from Bayer CropScience. "v 7.0" RMSE = 1.140, "v 11.0" RMSE = 0.556
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"v 7.0" and "v 11.0" models in external testing
• At Roche site. "v 7.0" RMSE = 0.896, "v 11.0" RMSE = 0.683
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"v 7.0" and "v 11.0" models in external testing
• At Genentech site. "v 7.0" RMSE = 1.133, "v 11.0" RMSE = 0.985
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"v 7.0" and "v 11.0" models in external testing
• External test set provided by Bayer CropScience. "v 7.0" RMSE = 1.132, "v 11.0" RMSE = 0.768
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SAMPL6 pKa competition results, 2018

Işık, M.; Rustenburg, A. S.; Rizzi, A.; Gunner, M. R.; Mobley, D. L.; Chodera, J. D. Overview of the SAMPL6 pKa challenge: evaluating small 
molecule microscopic and macroscopic pKa predictions. J. Comput.-Aided Mol. Des. 2021, 35, 131

<- v 7.0
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SAMPL6 pKa predictions, then and now
• "v 7.0" RMSE = 0.732, "v 11.0" RMSE = 0.569
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• The chemical space covered by the new S+pKa model has been significantly expanded.
• Prediction accuracy has been improved.
• Roche was very much forthcoming with a data set representative of their chemical 

space and reaped sizable rewards. Moreover, "changing input tautomer for some 
biggest outliers improved predictions".

• Genentech delivered much less data and the set’s place in their chemical space 
remains uknown.

• Bayer CropScience delivered an intermediate amount of data. External testing revealed 
the most impressive predictive improvement by ~0.5 log unit.

• Siginificant and stubborn outliers:
– Purely neutral compounds containing no ionizable groups!
– Compounds with more pKa values than the number of ionizable groups.
– pKa values that don't make sense (e.g., a carboxylic acid with pKa of ~10 (?)).
– "pKa cliffs" – values vastly different from those of very similar compounds, but with no clear 

chemical mechanisms for these.

Conclusions
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The (vastly) underestimated effect of aggregation

Verbić, T. Ž.; Tam, K. Y.; Veljković, D. Ž.; Serajuddin, A. T. M.; Avdeef, A. Clofazimine pKa Determination by Potentiometry and 
Spectrophotometry: Reverse Cosolvent Dependence as an Indicator of the Presence of Dimers in Aqueous Solutions. Molecular 
Pharmaceutics 2023. https://doi.org/10.1021/acs.molpharmaceut.3c00172

Verbić et al. Measured the true pKa (9.43 – 9.51) 
of Clofazimine (CFZ) after explicitly filtering out 
the effect of compound's dimerization.
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The (vastly) underestimated effect of aggregation

Verbić, T. Ž.; private communication

Could someone assign the third PCA species to, 
e.g., CFZ+2 instead of CFZ2 dimer resulting in a 
false pKa? 

Yes! In fact, early analysis with this 
assumption led to the first pKa=9.1 
(close to the true value) and the 
"second pKa"=6.5 which has no 
reflection in reality. 
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Decomposition
Quercetin and fisetin decompose at high pH during spectrophotometric as well as 
potentiometric titrations. This has been detected by running high-to-low and low-to-
high pH titrations.

Rebeca Ruiz, "Flavonoids, an example of challenging pKa determination", a 
webinar presented on Jun 15, 2023 11:00 AM Eastern Time (US and Canada). Pion 
and the University of Barcelona.
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