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Abstract

This application note describes:

e Greater than 95% yield from a biphasic
reaction

e 145g/hat50°C

e Useful synthetic strategy accelerated

using intense mixing

For more details, please contact:

Vapourtec Application Support
application.support@vapourtec.com or call:
+44 (0) 1284 728659

Background

Synthesis of amides from amines and acid
chlorides is a very important transformation for
fine chemical and pharmaceutical products and as
such is subject to much research and
development! The direct synthesis requires two
equivalents of amine; the first amine reacts with
the acid chloride and liberates HCI, which forms an
unreactive amine salt with the second amine. To
avoid the need for this excess, another base can be
added to ensure the amine remains the free base,
however this additional base can also react directly

with the acid chloride.

The Schotten-Baumann method of amide
synthesis was developed to overcome this issue,
and makes use of a biphasic system, typically
between DCM and H:0. The amine and acid
chloride remain in the DCM, and the NaOH
remains in the aqueous layer, but the newly
formed HCl is able to pass from the DCM to the
H20 where it can be neutralized. This makes the
Schotten-Baumann conditions a useful synthetic
strategy for amide synthesis or protection, which
has been used in a wide range of commercial

syntheses.??
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Figure 1: Amide synthesis using Schotten-

Baumann biphasic conditions

Setup

All reactions were performed using a Vapourtec R-
Series. Reagent bottle A contained a 0.5 M solution
of benzoyl chloride in dichloromethane. Reagent
bottle B contained a 05 M solution of 2-
methoxybenzylamine in dichloromethane.

Reagent bottle C contained a 1.0 M solution of
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sodium hydroxide. Reaction took place in two
Vapourtec 20 ml Reactors for Rapid Mixing,
connected in series and maintained at 50 °C. All
reagent flow rates were 2.5 ml/min and the system
pressure was fixed at 5 bar.
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Figure 2: Schematic for an amide synthesis under
Schotten-Baumann conditions using two 20 ml

reactors for rapid mixing.
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Figure 3: Vapourtec R-Series configured for an
amide synthesis under Schotten-Baumann
conditions using two 20 ml reactors for rapid

mixing.

Continuous Flow Amide Formation

Schotten-Baumann conditions rely on the
neutralization of HCl as it is generated, so the rapid
transfer of the acid to the aqueous phase is
important for fast removal of the HCI, and overall

reaction rate. There is great opportunity within

continuous flow to generate very intense mixing
environments, however some reactors have one
brief period of mixing, typically at a tee-piece
mixer or similar, and then a continuous, non-
mixed environment to give the required residence
time. For reactions under biphasic conditions, the

two phases simply separate after the mixing point.

The Vapourtec reactors for rapid mixing contain
static mixers along the full length of the reactor,
producing an intense mixing environment
throughout. This ensures that any biphasic
reaction remains mixed the entire time it is

exposed to the reaction environment.

Amide 3 (a known intermediate in the synthesis of
angiotensin inhibitors*) was chosen as a target for
the synthesis under Schotten-Baumann
conditions, and the reaction was performed inside
two 20 ml Vapourtec Reactors for Rapid Mixing at
50 °C and 5 bar, and a residence time of 5 minutes.
Under these conditions, and with the enhanced
mixing afforded by the rapid mixing reactor, it was
possible to achieve a yield of 97% of 3, at a

throughput of 14.5 g/hour.
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Figure 2: 'H NMR (400 MHz, CDCLs) of amide 3

obtained from the reactor output before workup

Conclusion

Using a Vapourtec reactor for rapid mixing, it has
been possible to achieve a 97% yield of an amide

using Schotten-Baumann conditions. The intense
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mixing characteristics of these reactors ensure
vigorous mixing throughout the length of the
reactor, accelerating the reaction and permitting

a throughput of 60 mmol (14.5 g) per hour.
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