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Much of chemical synthesis must be done manually as automation is limited to single classes of
reactions, or work-flows. To address this, we developed an abstraction of organic synthesis which
allows a universal connection between the conceptual steps and automation of the process[1-2]. These
steps were implemented in a modular robotic platform, running a chemical programming language
which formalizes and controls the assembly of the molecules, see Fig. 1. We validated and
demonstrated the concept by making three pharmaceutical compounds and doing over ten different
classes of reactions without any physical intervention. Execution was demonstrated by the fully
autonomous synthesis of the pharmaceuticals, Nytol, Rufinamide, and Sildenafil, with yields and
purities of products and intermediates comparable or better to those achieved manually. The syntheses
are captured as digital code that can be transferred flexibly between platform instances with no
modification, published and versioned, thereby greatly enhancing reproducibility and reliable access to
complex molecules.
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<Procedure>
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Filter SEFEEE <Add reagent="magnesium grit" mass="2.5047g"
dest="reactorl" />
<Add reagent="diethyl ether" volume="46ml"
dest="reactorl" />
<Stir vessel="reactorl" temperature="34.6" />
<Add reagent="bromobenzene" volume="1ml"
dest="reactorl" />
<Add reagent="bromobenzene" volume="106ml"
dest="reactorl"
time="0.5hr" />
<Wait time="0.5hr" />
</Procedure>
</Synthesis>

Rotary evaporator

Figure 1. LEFT: Our Chemputer platform. RIGHT: Code to run a Grignard reaction.
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