
Flow Chemistry in Drug Discovery
Exploring the Benefits and Considerations for Synthesis

Flow chemistry enables safe, precise and efficient synthesis of com-

pounds that can be scaled from pilot projects to manufacturing. Auto-

mated flow systems can quickly synthesize a wide range of com-

pounds, making it ideal for generating libraries for early stages of 

drug discovery. This article delves into the key considerations when 

using continuous or segmented flow chemistry approaches.

Flow chemistry is when reactants are 
continuously pumped into a flow reac-
tor with efficient mixing, and the prod-
uct is collected. However, the devel-
opment of automated flow systems is 
now allowing segmented flow regimes, 
using careful coordination of smaller 
aliquots of reactants to create smaller 
quantities of products. It is therefore 
important to carefully consider the 
appropriate flow regime to match your 
aims and experimental needs.

Flow Chemistry:  
Continuous Flow

Continuous flow describes chemi-
cal reactions occurring in flow reac-
tor systems with cylindrical geome-

tries, where reactants are continually 
introduced and mixed radially, effec-
tively functioning as a series of ‘plugs’ 
— or slugs — flowing through the sys-
tem. Figure 1 highlights this phenom-
enon, where each coherent plug has 
a given length (dx) and volume (dV), 
traveling in the longitudinal direction 
of the reactor. The ‘ideal’ plug flow 
model assumes a steady state, no mix-
ing between plugs, a constant density, 
and that only one reaction occurs.

Flow Chemistry:  
Segmented Flow

Segmented flow is characterized by 
individual slugs of liquids or gases 
separated by a carrier fluid (fig. 2). 

Each discrete slug (Δx) has a defined 
volumes (ΔV) and the carrier fluid — 
which can be either liquid or gas — is 
usually the same solvent used for the 
reaction to reduce solubility issues. 
This approach creates discrete ‘seg-
ments’ that allow screening of reac-
tion conditions or the generation com-
pound libraries.

Optimizing Reactions

Traditional batch methods for opti-
mizing reaction conditions can be time 
consuming and expensive. Modern flow 
chemistry systems with reagent injec-
tion modules — such as the modular 
Asia Flow Chemistry System [Syrris] 
controlled by advanced Asia Manager 
Software [Syrris] — provide a fully 
automated, walk-away alternative, 
allowing both continuous and seg-
mented flow applications to save time 
and resources.

Compared to batch processes, con-
tinuous flow regimes enable faster, 
easier exploration of reaction param-
eters like time, temperature and reac-
tion stoichiometry. However, continu-
ous flow still requires the system to 

return to a steady state between exper-
iments — as well as additional thorough 
cleaning to avoid cross contamina-
tion — demanding time and materials. 
Segmented flow, on the other hand, 
allows multiple reactions to be con-
ducted sequentially using a single 
flow reactor setup, as the carrier sol-
vent serves as a wash fluid to clean 
the reactor between experiments. The 
combination of reagent injection mod-
ules and advanced software makes it 
possible to efficiently explore both con-
tinuous reaction parameters and dis-
continuous variables, such as reagents 
and catalysts.

Library Generation

Automated flow chemistry systems 
can be integrated with process ana-
lytical technologies and computa-
tional chemistry to synthesize chem-
ical libraries with minimum human 
intervention. Segmented flow regimes 
particularly excel in compound synthe-
sis and library generation, and systems 
equipped with a reagent injection mod-
ule and liquid handling capabilities can 

help to quickly evaluate various reac-
tants for compound synthesis. These 
injectors can introduce reactant seg-
ments more quickly than the typical 
reaction — or residence — time, allow-
ing multiple reaction segments to prog-
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“Automated flow systems 
can quickly synthesize a 

wide range of compounds.”
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ress through the system concurrently. 
This reduces the synthesis time for 
the desired compounds and enhances 
overall process efficiency. Segment vol-
umes can also be adjusted to enhance 
processes, offering maximum efficiency 
for a range of applications, including 
the generation of analytical data for 
reaction optimization and production 
of screening libraries.

Automation and Software

Automated segmented flow is more 
efficient and accurate than traditional 
manual methods. For example, intro-
ducing the correct volume aliquot with 
a manual reagent injector is highly 
dependent on flow rates, so requires 
calculating the exact time to switch the 
injection loop in and out of line. This 
is often done using a stopwatch and 
injecting manually, leading to poten-
tial errors and inefficiency. Automated 
reagent injectors help to ensure that 
this process is consistent and repro-
ducible, as well as accelerating the 
time to results.

In addition, it is important to track 
each segment to verify convergence 
at the correct junctions. When mul-
tiple reactants are introduced into a 
flow system, the segments must con-
verge at the mixing junction for the 
reaction to occur, as shown in fig. 3. 
Advanced automation — such as Asia 
Manager — can accurately track seg-
ments to ensure proper convergence at 
the appropriate location. The injection 
of known solutions of compounds or 
dyes — followed by quantitative anal-
ysis after automated sample collection 
— can be used to assess convergence 
within a flow system.

Minimizing Dispersion  
and Diffusion

It is crucial to minimize dispersion and 
diffusion within the system when con-
ducting a flow chemistry experiment. 
Dispersion is minimal relative to the 
size of the slug in continuous flow reac-
tions, so its impact is generally minor. 
In contrast, some dispersion — primar-
ily in the longitudinal direction — can 
occur in segmented flow regimes using 
a miscible carrier solvent. In many 
cases, the reaction and carrier slugs 
mix, leading to the blurred regions at 
the front and back of the reaction slug. 
This creates a solute concentration 
gradient, which can impact reaction 
rates and residence times for concen-
tration-dependent reactions. To elim-
inate this issue, an immiscible carrier 
solvent that prevents dispersion can be 

used, such as fluorinated solvents that 
have proven effective under organic 
reactions conditions.

Dispersion is more likely to occur 
when using a miscible carrier in com-
bination with small segment volumes 
and longer residence times. Small sam-
ples undergoing significant dispersion 
will fail to achieve steady state condi-
tions, so a smaller volume flow reac-
tor should be used for these sample 
types. Increasing segment volume can 
help to minimize dispersion, as larger 
segments improve convergence, and 
typically achieve a steady state condi-
tion that provides the desired reaction 
concentration. Various pre- and post-
slug values can also be employed to 
capture the steady state sample. When 
these values are zero, the total input 
volume is collected. Alternatively, addi-
tional volume can be added to either 
the front or the rear of the slug — to 
increase recovery — or subtracted 
to achieve greater purity and/or less 
dilution.

Conclusion

It is important to select the most appro-
priate flow chemistry regime and 
equipment based on the goals of the 
application. For segmented flow, auto-
mated flow systems and sophisticated 
software are necessary for accurate 
segment tracking and effective con-
vergence, helping to ensure optimal 
results. By carefully selecting these 
tools, researchers can significantly 
improve the effectiveness and efficiency 
of their flow chemistry processes.
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References for this article can be  
requested from the authors.Fig. 4: Application of pre- and post-slugs to the reaction collection. 

“Compared to batch  
processes, continuous  

flow regimes enable faster, 
easier exploration of  

reaction parameters.”

Fig. 3: Use of segmented flow to generate a library of compounds.

Fig. 1: Plug flow reactor model for a continuous flow regime.

Fig. 2: Segmented flow reactor model for a continuous flow regime.
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