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Abstract

Although many computer programs intended to design synthetic routes to arbitrary targets were
developed in the second half of the XX century, none has lived up to the expectations of
synthetic chemists and none has gained popular acceptance. Fortunately, the past two decades
have witnessed dramatic improvements not only in the computer resources but also in
algorithmic methods — in significant part spearheaded by our laboratory — to process and
analyze synthetic-organic knowledge stored in machine readable formats. Building on these
advances, my own doctoral work has focused on elevating our Chematica platform for
autonomous synthetic planning to the level of an “expert” capable of designing routes to even
very difficult targets.

The first stage of my work was to encode sufficiently broad spectrum of high-quality rules
describing important reaction types and accounting, inter alia, for relevant stereoelectronic
factors or cross-reactivity problems. Today, the reaction knowledge base of Chematica
comprises over 100,000 rules of which I personally coded ca. 17,000. Importantly, many
popular rules required development of additional “filters” fine-tuning reactions’ synthetic
scope/applicability. For instance, for electrophilic aromatic substitutions, I co-developed a
theoretical model to predict the most active position within a reacting molecule. In another
example, for the Diels-Alder cycloaddition, I co-developed and validated a Random Forest
classifier predicting reaction’s regio-, site-, and diastereoselectivity. Another key aspect of my
work was to improve the routines concatenating individual reactions and searching for complete
and viable synthetic plans. Here, an important task to which I contributed has been to eliminate
unpromising retrosynthetic positions during the search. I participated in the development of a
neural network that selects which of the possible reaction options should be preferentially
applied to a given retron molecule. I verified the performance of this network within Chematica
and confirmed that it performed better than prior approaches. Finally, I also developed a module
for the so-called tactical combinations (TCs) — that is, chemically advantageous reaction
sequences allowing the machine to overcome local maxima in synthetic complexity. Based on
multiple heuristics I developed, the computer discovered ~5 million new TCs.

In the end, my work contributed to making Chematica a computer platform that is nowadays
deployed and used by world’s leading chemists — in part due to my efforts, Chematica now
truly strategizes over multiple steps and allows for fully automatic planning of robust syntheses
leading to non-trivial molecules, including natural products.



