Exploring molecular heteroencoders with latent space arithmetic:
atomic descriptors and molecular operators
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Optimization of chemical structures in the latent space became a major tool for de novo design but
it is much based on random perturbations of a starting molecule. The establishment of arithmetic
operations (rules) in the latent space associated with desired transformations opens the way to better
guided algorithms for molecular optimization. We investigated the changes in the latent space
vectors caused by modification of the input SMILES strings, to derive atomic descriptors and
molecular operators.

A variational heteroencoder based on Recurrent Neural Networks [1] trained with SMILES linear
notations was used to derive atomic descriptors: delta latent space vectors (DLSV) obtained from
the original SMILES of the whole molecule and the SMILES of the same molecule with the target
atom changed. Different perturbations of the target atom were explored, namely the change of the
atomic element, the replacement by a character of the model vocabulary not used in the training set,
or the removal of the target atom from the SMILES. Unsupervised mapping of the DLSV atomic
descriptors with t-distributed stochastic neighbor embedding (t-SNE) shows a remarkable clustering
according to the atom element, hybridization, atom type and aromaticity. Atomic DLSV descriptors
were used to train QSPR models to predict °F NMR chemical shifts [2] with Random Forests and
Gradient Boosting Regressor; predictions were obtained with R? up to 0.89 and mean absolute errors
up to 5.5 ppm for an independent test set of 1046 molecules. Latent representations from a
Transformer model [3] were similarly employed. DLSV could also be used as molecular operators in
the latent space. We explored the DLSV of a halogenation (H—F substitution). It was summed to
the LSV of 4135 new molecules with no fluorine atom and decoded into SMILES, yielding >99% of
valid SMILES, a high percentage of which incorporating fluorine and most of them with no other
structural change.
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