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Traditional Scale-up vs Continous Flow Synthesis

2

Traditional Reaction Setup
Batch processes

Continuous Flow Synthesis

Reactants Product

Batch reaction time: how long a reaction vessel is held at a given temperature

Reaction time is defined by how long the reactants stay in the reactor zone - residence time
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Batch vs Flow in an Academic Setting
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Batch
(>200 years)

Flow

$ ≥300x$

Scenario II works well works well

Scenario I works well try to match 
batch yields

Scenario III works well
small improvements vs batch

(slightly better yields
shorter reaction time)

Scenario IV doesn't work
very well

much better

Scenario V impossible to
achieve

works well

Scenario VI works well
(but NOT SAFE)

works well
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Batch versus Continuous Flow Reactors
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Efficient organic reaction (high yield and selectivity) requires efficient mass and heat transport



Batch versus Continuous Flow Reactors
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Kinetic vs Thermodynamic Control
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Exploring New Reaction Windows
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New Reaction Window: High temperature/high pressure
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The critical temperature of a substance is the temperature at and above which vapor of the substance cannot be liquefied, no matter how much pressure is 
applied.

The critical pressure of a substance is the pressure required to liquefy a gas at its critical temperature.



Back Pressure Regulators
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200 psi = 13 bar
50 psi = 3.4 bar
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Back pressure
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Pressure and Temperature: A Convincing Proof of Concept
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Reactive Intermediates in Flow
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Reactive Intermediates in Flow
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17Tsubogo, T.; Oyamada, H.; Kobayashi, S. Nature 2015, 520, 329.



Kobayashi’s Rolipram Synthesis
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Kobayashi’s Rolipram Synthesis
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Kobayashi’s Rolipram Synthesis

20Tsubogo, T.; Oyamada, H.; Kobayashi, S. Nature 2015, 520, 329.

OMe

O

O2N

OMe

O

O2N

ROOC

ROOC OMe

O

HN
O

ROOC

74%, 94% ee



Kobayashi’s Rolipram Synthesis
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Summary Flow Chemistry
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★ Enhanced heat and mass transfer
★ Reduced reaction volumes
★ Sealed system (minimizing contamination by oxygen and water)
★ Use of extreme temperature and pressure
★ Flash chemistry (short reaction time, high pressure/high temperature)
★ Excellent mixing
★ Safer processes

★ Formation of precipitates can be a problem
★ Usually requires that the reagents/subtrate/reaction product/by-products are              

soluble
★ Liquid-liquid heterogenous mixtures are ok but liquid-solid usually not

+

-


