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Application Note 79: Suzuki-Miyaura coupling using 
CSTRs  
Produced by Vapourtec 

Abstract 
This application note demonstrates the benefits 

of using a cascade of continuous stirred-tank 

reactors (CSTR) to perform heterogeneous 

Suzuki-Miyaura couplings: 

• Short residence time of 75 seconds 

• High conversion 

• Simple set up to change residence time 

and catalytic loading, without changing 

the total amount of catalyst used 

 

 

 

 

 

For more details, please contact:  

Vapourtec Application Support 

application.support@vapourtec.com  

or call: +44 (0) 1284 728659 

Background 
The Suzuki-Miyaura coupling is a widely used 

catalysed reaction to synthesise of biaryl and 

heterobiaryl products for the fine chemical 

industries[1], [2].  

Suzuki couplings have been widely implemented 

in continuous flow [3], [4] . As reactions can be 

heated over the boiling point of solvents, 

performing Suzuki-Miyaura couplings in flow 

offer: 

 Safe operation over boiling point of 

solvents 

 Accelerated reaction times 

 

Figure 1 – Suzuki-Miyaura coupling explorer in this work 

Traditionally, heterogeneous catalysts are 

packed in a fixed bed reactor, in which reagents 

will flow through, and the reaction will occur at 
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the interface of the catalyst. This arrangement 

offers the most cost effective approach for simple 

heterogeneous reactions, but it has its 

drawbacks: 

• Packed solids need to have a certain 

particle size or it risks blocking the frits, 

stopping the reaction 

• It is very difficult to separate residence 

time from catalytic loading, as the 

amount of solid will determine the 

internal volume 

As an alternative to fix bed reactors, continuous 

stirred tank reactor (CSTR) offers more flexibility 

in handling solids, which decouples reactor 

volume from the amount of catalyst used. 

A CSTR is a simple type of reactor; a vessel, that 

can be heated or cooled, equipped with a stirring 

mechanism, it provides active mixing. The 

weakness of this simple reactor design is that it 

suffers from back mixing and  

poor residence time distribution (RTD), making a 

single CSTR unsuitable for most continuous flow 

applications. By connecting 3 or 4 CSTR in series, 

back mixing is reduced while RTD is much 

improved, providing similar performance to 

traditional plug flow reactors. 

 
Figure 2 – Comparison of RTD for a single vs 4 CSTRs 

CSTRs are well suited for heterogeneous 

chemistry, as the active mixing enhances the 

mass transfer between phases. 

There are two approaches to handling solids 

with CSTRs: 

1. Static approach- Each CSTR will be 

loaded with a defined amount of catalyst. 

By using inline filters, liquid phase flows 

through the reactors while catalyst 

remains in its reactor. 

2. Dynamic approach – Both catalyst and 

liquid can flow through all the CSTRs. The 

last CSTR has an inline filter that prevents 

the catalyst from exiting the reactor 

network. By adding a V-3 peristaltic 

pump, the catalyst can be constantly 

recirculated to the first reactor, reducing 

wastage. 

This application note explores different 

approaches to handle solids and the impact on 

the stability of the catalyst over time when using 

a cascade of CSTRs. 

Setup 
This work used a Vapourtec RS-300 platform, 

equipped with acid resistant high flow rate 

pump module R2 C HF. Active pressure control 

and pumping of the slurry were achieved by 

using SF-10 pumps. 

 
Four CSTRs were connected in series and the 

product was collected automatically using a 

fraction collector. 

In the R-Series Software, the pressure limit was 

set to 4.5 bar and pressure loss detection was 
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enabled. This will ensure the system will stop if 

the system pressure increases over the rated 

pressure of the reactor. 

 

System Parameters 
System solvent: H2O/EtOH/THF (1.1/1.0/1.0) 

Solution A: 0.4 M 3-bromopyridine in THF  

Flow rate A: 4.4 ml/min 

Solution B: 0.19 M Phenylboronic acid, and 0.23 

M potassium carbonate in 65 % ethanol and 35 % 

H2O 

Flow rate B: 11.6 ml/min 

A:B molar ratio: 1:1.25 3-bromopyridine to 

Phenylboronic acid 

Catalyst:  1.1 g of SiliaCat DPP Pd, distributed 

equally across CSTRs (static mode) or 

recirculated (dynamic mode) 

Reactor volume: 20 ml (4 x 5 ml CSTRs) at 800 

rpm stirring speed, using a PTFE coated 

magnetic bar  

Reactor temperature: 100 oC  

Back pressure regulator: 5 bar 

 

Reagents 
All reagents were purchased from Sigma Aldrich. 
 

Analysis 

A portion of the steady state was collected 

automatically by the R-Series Software. The 

crude organic solution was diluted 1/20 prior 

HPLC analysis. {Agilent 1200 series, equipped 

with an Eclipse XBD-C18 5 μm column at 40 °C, 

flow rate = 2 ml/min, the column was eluted 

using a linear gradient from 5 % to 95 % ACN over 

7 minutes}. All conversion values are reported as 

percentage area of HPLC. 

Results and Discussion 

Static vs dynamic mode 

Application Note 49 [4] explored and optimised 

this coupling reaction using a packed bed 

reactor. 1.1 g of catalyst was packed in the column 

reactor, while reagents were pumped through it. 

The residence time was calculated based on the 

liquid holdup volume after packing and closing 

the column reactor. The optimised conditions for 

full conversion of 3-bromopyridine were 75 

seconds residence time at 100 oC.  

These reaction conditions were transferred to the 

cascade of CSTR in static mode. Stainless steel 

fritted cups were placed in the outflow tube of 

each reactor, allowing only liquid to flow through 

reactors. The reaction was run with this approach 

over two days without any blockage of the inline 

filters. 

 

Figure 3 – Flow schematic of a static approach 

The 75 seconds residence time were based on 

the 20 ml total volume. With this mode of 

operation full conversion of 3-bromopyridine was 

achieved as Figure 4 shows. 

http://www.vapourtec.com/


To learn more about the Vapourtec system visit www.vapourtec.com 

  
 
 
 
 

Page 4 of 5 
 

 

Figure 4 – HPLC chromatogram of the crude product 

The fritted stainless-steel cups were then 

removed from CSTR 1,2 and 3. CSTR 4 was set at 

100 RPM to allow for the catalyst to settle, and 

one outflow line was connected to an additional 

SF-10 pump to recirculate the catalyst.  

A second outflow line, equipped with an inline 

filter was connected to the BPR, allowing liquid 

to pass and product to be collected, as Figure 5 

shows. 

 

Figure 5 – Flow schematic of a dynamic approach 

As with static mode, full conversion was observed 

when catalyst was being recirculated. 

Catalyst life 

Application note 49 also evaluated the active life 

of the catalyst over time when packed in a 

column reactor. 

As CSTR provide active mixing, solids are 

handled differently, a magnetic stirrer keeps the 

catalyst suspended on each CSTR, which may 

negatively impact on the life of the catalyst, 

compared to using a column reactor. 

Using the dynamic mode, the reaction’s 

performance was monitored for 90 minutes, 

taking aliquots every 10 minutes. As Figure 6 

shows, there was no significant difference to 

running this chemistry using a column reactor. 

 

 Figure 6 – Conversion and yield variation over time when using a packed 

bed reactor (top) and CSTRs (bottom) 

 

Conclusion  
The Vapourtec CSTR has been developed to 

ensure efficient mixing during reaction 

optimisation, even with solid/liquid reactions. 

This application note has demonstrated the 

suitability of CSTRs for Suzuki-Miyaura couplings. 

The reaction conditions, initially optimised in 

tubular reactors, were directly transposed to the 

CSTRs yielding identical results 

The benefits of using CSTR over fixed bed 

columns is that scientists can easily evaluate 

solid supports of different particle sizes or even 
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different reactor volumes while using the same 

amount of catalyst. 
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