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Small microreactor channels (1 μm to 1 mm) enable a different way of performing synthetic chemistry:
extremely short contact times can circumvent the need for performing highly exothermic and fast reactions
at very low temperatures.1 In order to fully exploit this technology, such fast processes need to be redesigned
and investigated for optimal reaction conditions, which can differ drastically from the ones traditionally
applied. We optimised the selective Swern-Moffatt oxidation of benzyl alcohol to benzaldehyde by varying
five experimental parameters in an automated microreactor setup.2

Swern-Moffatt oxidation
Step 1: Continuous flow system

We investigated the Swern-Moffatt oxidation of benzylalcohol (1) as a
selective procedure for the preparation of benzaldehyde (2) in flow.
Conventionally, low temperature conditions are required in order to prevent
formation of side products 3 and 4. In continuous flow, when short reaction
times are employed, significantly higher temperatures can be used.3,4 While
DIPEA was used as a base to perform the final step in the reaction, it was
also found to be an adequate quenching agent to stop the reaction and
ensure well-defined reaction times in the continuous flow system.

Step 2: Optimisation in a microreactor system
Temperature control

Experimental conditions for continuous flow were determined.
Dichloromethane was used as a solvent. Trial runs were performed to
ensure robust behaviour of the liquids in the flow system. The ranges of
parameters to be optimised were determined in univariate experiments:
Temperature: 25 - 70 °C
Reaction time: 0.03 - 3.55 s
TFAA stoichiometry: 1.0 - 8.5
DMSO stoichiometry: 2.5 - 10
Alcohol concentration: 0.15 - 0.25 M

FutureChemistry’s FlowScreen automated optimisation setup was used.
The system was equipped with glass microreactors with volumes of 0.14
and 7.0 μL in order to cover a wide range of reaction times.

Step 3: Data processing
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We have applied an automated microreactor platform to optimise a very
fast and exothermic reaction. Optimal conditions were found at a very short
mixing and reaction time of only 32 ms and a reaction temperature of 70 °C,
approximately 150 °C higher than under conventional batch conditions.
This remarkable difference shows the potency of continuous flow
chemistry.
The optimal conditions were also successfully applied to a larger
microreactor system at a substrate throughput of 0.5 g h-1, which clearly
underlines the potential of flow chemistry in organic synthesis.
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Full scale results:
Total run time: 120 min
Substrate throughput: 0.5 g h-1
Yield based on GC: 96%
Isolated yield of aldehyde: 1.70 g
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The reaction was performed in a larger continuous flow setup in order to
synthesise the aldehyde at a preparative scale. Optimal parameters,
established in step 3, were used.
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Step 4: Lab scale continuous flow

These contour plots represent a
selection of a polynomial model fit.
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Number of experiments: 180
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Optimal parameters:
Temperature: 70 °C
Reaction time: 0.032 s
TFAA stoichiometry: 6
DMSO stoichiometry: 9

