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Organic synthesis utilizing flow microreactors takes advantage of confined reaction spaces,
enabling the use of unstable reactive species and offering precise reaction control that
conventional batch reactors struggle to provide. Integrated reactions, achieved by
interconnecting multiple flow reactors to eliminate the need for intermediate separation
steps and facilitate continuous chemical processing, have attracted significant attention. This
integrated synthesis approach presents numerous advantages, including reduced costs
related to separation and purification, as well as the ability to construct complex molecular
structures from basic materials in a single flow. However, flow reactions come with inherent
challenges, including the risk of channel clogging when organic reactions generate low
solubility compounds such as inorganic salts and difficulties in handling substrates with low
solubility. Previous investigations in this area have primarily concentrated on anionic
reactive species, limiting the diversity of reactions. In this context, this report details the
following : (1) the establishment of a rapid and irreversible method for generating
carbocations, resulting in a novel reaction system in which cationic species directly react
with organolithium species; (2) the development of a flow synthesis system that integrates
pretreatment and organic reactions using pyridinium hydrochloride salts with low solubility
in organic solvents as a model substrate. These investigations have successfully facilitated
C-C bond formation reactions that are challenging to execute in batch processes, providing
effective access to high value-added compounds.
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Fig. 1 Advantages of a Flow Microreactor.
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Fig. 2 Utilizing an Unstable Intermediate.
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Fig. 3 Integrated Reaction to Synthesize a Drug Precursor.

1. Reaction of Carbocations and Organolithiums
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Fig. 4 Integrated Flow Systems Reported in This Article.
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Fig. 5 Generation and Reaction of Carbocation in Batch.
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Fig. 6 Generation and Reaction of Carbocation in Flow.
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Fig. 7 Effects of Mixing Efficiency in Flow.
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Fig. 8 Low Temperature NMR Analysis of Carbocations.
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Fig. 9 Reaction of Carbocation and nBu-M.
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Fig. 12 Desalting and Reaction of 4-bromopyridine hydrochloride.
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