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Rutheniumcatalyzed Metathesis
Reaction Using
Fixed-bed
Continuous Flow
Reactor
INTRODUCTION
Olefin metathesis is an excellent method for the preparation
of new rings and valuable intermediates in organic
synthesis and polymer chemistry. The development of
metathesis catalysts that combine high activity with a
tolerance towards different functional groups has been
important for the widespread utilization of this application.
Out of all the various catalysts that have been reported, the
ruthenium type catalysts1-3, have the widest application
due to their easy handling and substrate variability.
The most undesirable feature of these complexes is that
they decompose to form ruthenium byproducts, which
are difficult to remove. When metathesis was carried
out using homogeneous catalysts, the recovery and
reuse of the catalysts, and catalyst-product separations
hampered their wide application. The ability to immobilize
or heterogenize these catalysts would, therefore, possess
major operational and economic advantages as well as
increase the use of this application still further4,5.
The catalysts immobilized on solid supports had limited
success in metathesis reactions so far since the resulting
anchored catalysts were found to be less reactive than
their homogeneous analogues. It has been found that
ruthenium complexes of general formula6 (Figure 1),
containing two or more oxygen atoms demonstrate
comparable activity in homogeneous and much higher
activity in heterogenized catalytic systems in comparison
to known heterogeneous or immobilized metathesis
catalysts.

ThalesNano has successfully immobilized the novel
catalysts on mesoporous silica MCM-417, on which they
retained high levels of activity, thus, the obtained catalysts
could potentially be applied in fixed-bed flow reactors (like
the X-Cube™ or the H-Cube Pro™).
The supported catalyst was evaluated in metathesis
reactions both in batch and in the X-Cube™. This
flow system provides fast optimization of the reaction
conditions (flow rate, temperature, pressure, solvent,
substrate concentration) in a short period of time with only
a few mg of substrate needed.

Figure 1. General structure of the catalyst

RESULTS OF FLOW METATHESIS
As test reaction, a ring closing metathesis (RCM) of
diethyl diallyl malonate (Figure 2.) was performed in
the X-Cube™ microfluidic reactor. 280 mg of the 10%
complex containing immobilized catalyst on MCM-41
(Figure 3) was placed into a CatCart®. The solution was
pumped through the cartridge at room temperature. The
samples were taken in each hour and the conversion was
determined by GC.
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The concentration of the substrate was 0.05 M in
cyclohexane, the flow rate was 0.1 mL/min at room
temperature. The solvent should be apolar in order to avoid
the leaching of the catalyst.
When using either n-hexane or cyclohexane, leaching
was not observed. The performance of the heterogenized
catalyst only slightly decreased during 6 hours (conversion:
92.4 to 89.3 %). After 6 hours the catalyst activity started
to decline. The collected solution was tested in an RCM
reaction in order to clarify that our system was really
catalyzed heterogeneously.

To investigate, we added fresh diethyl malonate to the
reaction mixture, but observed no conversion. It means
that after 50% consumption of starting malonate, a part
of supernatant (without heterogeneous catalyst) was
transferred to another flask. Both reactions were continued
under identical conditions, and sampled after 1 and 2
hours respectively. We found that supernatant did not give
any activity. Based on previous in-house experiments,
chemistry performed normally in the X-Cube™ can also
be carried out in our novel multi-purpose instrument the
H-Cube Pro™.

Figure 2. Ring-closing metathesis reaction of diethyl diallyl malonate

Figure 3. The ruthenium complex immobilized on MCM-41
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