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Application Note /9: Controlled Stevens oxidation - CSTH

Produced by Vapourtec

Abstract

As part of our ongoing application notes
dedicated to continuous stirred-tank reactors
(CSTR), we demonstrate the suitability of
these reactors for biphasic reactions, where

mixing is critical.

The biphasic esterification of an aldehyde via
Stevens oxidation was scale up using a
cascade of CSTRs, while keeping fast reaction
times of ~1 minute and achieving a
throughput of the desired building block of
over 5 kg/day.

For more details, please contact:
Vapourtec Application Support
application.support@vapourtec.com

or call: +44 (0) 1284 728659

Background

Biphasic reactions are challenging chemical
processes in continuous flow, as it requires

good mixing for the reaction to complete '2

One example is the Stevens oxidation, in
which an aldehyde is oxidised in the presence
of sodium hypochlorite and an alcohol to

form an ester.
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Figure 1 - Stevens oxidation of 4-nitrobenzaldehyde

Although a phase transfer catalyst s
employed to shuttle the reactants between
agueous and organic phases, in a non-mixing
environment, the kinetics of this reaction are
dependent on the mixing. In previous
application notes we explored the impact the
type of reactor has on the throughput of this
reaction 2. To successfully scale up this
reaction, a new tubular reactor with passive
mixing had to be developed to enhance

mixing, achieving a throughput of over 4.5
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kg/day of the target compound 2 with the

large diameter tubular reactor.

CSTRs are also well suited to perform this
type of reactions as it provides active mixing,
increasing the surface contact between
organic and agqueous phase. Using 3 or more
CSTRs in series, back-mixing is reduced,
giving performance closer to plug flow

reactors of similar volume.
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Figure 2 - Comparison of RTD for a single vs 4 CSTRs

In this application note we demonstrate how
the active mixing of a CSTR can be used to
effectively mix two immiscible reagents and

yield the desired product.

Setup

For this work, a Vapourtec RS-300 platform,

equipped with acid resistant high flow rate
pump module R2HF C and a secondary
peristaltic pump module R2S was employed.
Pressure was controlled by using one of the

pumps of the R2S module.

Figure 3 - Flow schematic of cascade of CSTRs

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 enabled. This will ensure if the system
pressure increases due to a blockage, the

system will stop pumping and heating.

System Parameters

System solvent: Ethyl acetate (pump A) and
Deionised Water (pump B)

Solution A: 042 M Solution of 4-
nitrobenzaldehyde (4-NBA), 4.20 M methanol
and 42.00 mM of tetrabutylammonium
bromide (TBAB, phase transfer catalyst) in
ethyl acetate.

Flow rate A: 10.0 - 50.0 ml/min

Solution B: 12% Sodium hypochlorite solution
(freshly supplied commercial solution)

Flow rate B: 6.4 — 30.0 ml/min

A:B molar ratio: 1:3

Reactor volume: 20 ml (4 x 5 ml CSTRs) at
600 rpm stirring speed.

For scale up reaction: 80 ml (4 x 20 ml) at 1000
rom

Reactor temperature: 50 °C

Back pressure regulator: 1 bar

Tubiz: 2 cm

e
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Reagents

All reagents were purchased from Sigma-

Aldrich.

Analysis

A portion of the steady state was collected
automatically by the R-Series Software in the
fraction collector. The crude organic solution
was diluted 1/20 prior HPLC analysis. {Agilent
1200 series, equipped with an Eclipse XBD-
Cl18 5 um 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, excluding areas

of known solvent peaks.

Results and Discussion

As Application Note 50 reported, with

adequate  mixing, optimum reaction
conditions were found to be 50 °C and ~1 min
residence time. We implemented these
conditions with the cascade of CSTRs and

found the reaction also went to completion.

When using CSTRs it is critical to only collect
during steady state conditions, otherwise,
results can be misleading. Figure 4 shows the
dispersion modelled by the R-Series software,
in which a cascade of 4 x5 mI CSTR with T min
residence time, it will take four reactor

volumes to reach steady state.
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Figure 4 —-Modelled dispersion of 4 x 5 ml CSTRs

Figure 4 shows the chromatograms of
different samples collected during the same
reaction, at steady state conditions as well as
during the leading edge of the reaction plug.
At these conditions, the throughput was

equivalent of 1 kg/day.
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Figure 5 -HPLC comparison of steady state vs non-steady state

The reaction was then scaled up fivefold, by
increasing the volume of the CSTRs to 20 ml

(giving an overall reactor volume of 80 ml).

Stirring was increased to 1000 rpm while
residence time and temperature were kept to
50 °C and ~1 min residence time. Under these
conditions full conversion was observed,

yielding a throughput of 5.4 kg/day.
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Figure 6 -Comparison of crude purity at 1 kg/day and 5.4 kg/day

Conclusion

The Vapourtec CSTR has been developed to
ensure efficient mixing during reaction scale-
up, even with biphasic reactions. This
application note has demonstrated the
suitability of CSTRs in biphasic processes that

require active mixing.

The CSTRs have enabled Vapourtec reactors
to achieve small scale production of over
5kg/day, with just the footprint of a R-Series

flow chemistry system.
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