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Attempts to create computer programs capable of planning syntheses of arbitrary target
molecules date back to the 1960s — despite significant effort, however, these attempts have been largely
unsuccessful raising the question whether organic-synthetic planning can be at all reduced to an
algorithmic basis. The overriding aim of my doctoral work has been to demonstrate that with
appropriately designed reaction knowledge base and supporting algorithms such reduction is, indeed,
possible and synthetic planning can be framed as an algorithmic problem rather than a form of “art”
pursued by and available only to human experts.

Verification of this hypothesis required many years of concerted effort by me and my
colleagues, ultimately giving rise to a software platform called Chematica. Upon its completion,
Chematica had to be validated by experimental execution of computer-designed routes. This
experimental effort — yielding non-trivial, biologically active targets — has been my major contribution
described in this thesis.

The thesis begins with a historical overview of the field, some early attempts and solutions, and
then the conceptual basis of Chematica. It then describes successful validation of computer-designed
syntheses of the Dronedarone drug, of 5/6p-hydroxylurasidone metabolite of the Lurasidone drug, and
of a hydrazone intermediate used for the total synthesis of tacamonidine (a complex bioactive natural
product).

Remarkably, the synthetic plans generated by the machine proved more efficacious than
previously available routes designed by human experts. These results constitute the first-ever
demonstration of successful in silico synthetic design and herald a new era of organic chemistry in which
chemists will be able to perform high-level chemical planning with the help of computers.



