
ThalesNano PowerPoint Template / 1

Chemistry at high-temperature and high-pressure with
novel microfluidic-based continuous-flow reactors
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Overview: Recently, a series of new microfluidic-
based high-temperature, high-pressure flow  reactors 
were developed by Thales Nanotechnology in order to 
safely perform hazardous chemical reactions in a 
faster manner than commercial batch reactors can 
provide. These new flow reactors also provide a fast

Methods: The first member of the Cube reactor 
series, called H-CubeTM (Figure 1.),  is designed to 
perform hydrogenation type catalytic reactions. The 
hydrogen required in the chemical transformations is 
generated in-situ by the electrolysis of water within the
reactor and combined with the reagents through a 
mixer unit. The reagent/solvent mixture is directed into 
the reaction line by a HPLC pump. The reagent, after 
mixing with the hydrogen, is passed through the
prepacked and sealed catalyst holder system
(CatCartTM), where the actual reactions take place, and
the products emerge into the collector vial within
minutes.
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Conclusions: In summary, we have presented 
here successfully performed high-temperature, high
pressure catalytic flow reactions carried out on two 
reactors of the Thales Cube reactor series. The newly 
developed technology offers radical shortening of
reaction time combined with high yield and high purity of
the reaction products. Futhermore these reactors can
offer the advantages of developing automated high-
throughput and scalable tecnologies with short
optimization time and that of running reactions in a safer, 
more controllable mode than normal batch reactors can
provide. 

Figure 1 : The H-CubeTM hydrogenation 
flow reactor

Scheme 2 : Reactions performed on the X-CubeTM.

Scheme 1 : Reactions performed on the H-CubeTM

Table 1 : Reaction summary for the Cube reactor series. Reactions performed on 
the H-CubeTM are listed above the line, reactions carried out on the X-CubeTM

are presented below the line. It is indicated when gas was introduced into the 
reactors.

Results: Below, we listed wide variety of 
heterogeneous catalytic reactions, performed on the 
Cube reactor series, with the appropriate reaction

conditions including the type of the used catalysts/reagent 
embedded in the CatCartTM system, reaction  temperature, 
pressure and the results as well. All the reactions have been 
carried out applying a flow rate between 0.2 and 2 ml/min and 
under one flow, which means very short reaction time. This 
feature of the instruments allows us to optimize new reactions 
in a short period of time and to build up libraries of different
compounds in a much faster way than it is possible with 
commercial batch reactors. 

Figure 2 : The H-CubeTM hydrogenation flow reactor directly 
integrated with an autosampler
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Figure 4 : The X-CubeTM flow reactor
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Using the same flow method employed with the H-CubeTM, 
another novel reactor, called the X-CubeTM, has been
developed (shown in Figure 4.). The reactor is designed to
perform general organic synthesis in a flow manner. The
reactor contains a dual HPLC pump-injector system which
allows us to introduce the reagent/solvent flows separately. 

After mixing, the substrates enter the reaction line which
contains two heater units (up to 200oC) surrounding the
catalyst/reagent cartridges. 
The reactions take place in the stainless steel CatCartTM

systems filled with the appropriate materials. The reaction
mixture may also be pressurized up to 150 bar with the help 
of a back pressure regulator. Furthermore, in order to be 
able to perform triphasic reactions there is a possibility to 
introduce different gases from an external gas source into 
the instrument through a series of valves and a gas buffer. 
Using the machine in gas mode carbonylation reactions with 
introducing carbon monoxide have been carried out 
successfully and the results are demonstrated here. 
Nevertheless a series of chemical validation reactions 
(Scheme 2., Table 1.), including an example where the X-
CubeTM was linked directly to the H-CubeTM to perform a 2-
step reaction in one flow, are presented here as well. This 
reaction series includes an azide formation followed by the 
hydrogenation of the azide group to amine. Synthesis of a 
triazole compound from the previously prepared aside 
material is also demonstrated. 

Figure 3 : The block scheme of the H-CubeTM - Gilson GX-271 automated 

way to optimize heterogeneous catalytic chemical 
transformations and easy catalyst handling without the need 
for further purification of the final product. Nevertheless, the
small footprint of these instruments allows us to use them as 
benchtop standalone reactors. 

The characteristics of the device allows us to perform
reactions at temperatures and pressures up to 100oC 
and 100 bar respectively. 

The newly developed successfull integration of a liquid
handling work-station into the H-CubeTM reactor allows
us to perform 50 reactions per day and produce
reduction libraries. The automated reactor setup is 
shown in Figure 2-3. 

Organic chemical reactions in a wide variety including different
hydrogenation reactions, alkylation, esterification, nitration, 
bromination, different C-C-, C-N cross coupling have been 
successfully tested on the instruments. As difficult to perform 
reactions in batch reactors, isonitrile synthesis as well as 
azide formation have been targeted, tested and resulted in a 
complete conversion of reagents. Furthermore we have 
demonstrated the ability to run triphasic reactions with 
introducing reactive and sometime hazardous gases/mixtures 
like carbon monoxide into the newly developed X-CubeTM

reactor. 
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Wide variety of hydrogenation reactions (listed in 
Scheme 1.), under the presented reaction conditions 
(Table 1.), have been carried out successfully to 
demonstrate the ability and usefulness of the instrument 
in catalytic organic chemistry.


