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phenylpropionic acid can be used in particular in the preparation of pharmaceuticals such as HIV protease inhibitors.
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PROCESS FOR THE PREPARATION OF 3-PHENYLPROPANAL

The invention relates to a process for the
preparation of 3-phenylpropanal in which cinnamaldehyde
is hydrogenated with the aid of a Pd-containing
catalyst.

Such a process is known from DE-A-2030031,
which describes a process with which a (substituted)
cinnamaldehyde is hydrogenated with the aid of a
Pd/Al,0, catalyst, under conditions that are essentially
free of water. Good results are obtained with the
hydrogenation of p-t.butyl—-a-methyl cinnamaldehyde. The
results obtained with the hydrogenation of non-
substituted cinnamaldehyde are not reported. In
general, as is for example apparent from NL-A-6613916,
the yield and selectivity obtained with the
hydrogenation of non-substituted cinnamaldehyde are
considerably poorer than those obtained with
substituted cinnamaldehydes.

' The hydrogenation of (substituted)
cinnamaldehyde using a Pd/C catalyst, in the presence
of an agueous basic solution of an alkali compound,
i.e. in a two-phase system, is known, for example from
NL-A-7703007 and NL-A-6613916. Such a two-phase system
presents the advantages in this type of hydrogenation
that the formation of byproducts such as cinnamic
alcohol is suppressed and the yield is increased. A
drawback of a two-phase system, however, is that, due
to the presence of an aqueous solution, the production
capacity is much lower and, moreover, an additional
separation step is necessary. Such a process is hence
commercially less attractive.

The invention provides a process for the
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hydrogenation of cinnamaldehyde to 3-phenylpropanal
with which, in a commercially attractive process, 3-
phenylpropanal is obtained with a high yield and a high
selectivity.

This is achieved according to the invention
by carrying out the hydrogenation in the presence of 1-
5 wt.% water, relative to the amount of cinnamaldehyde.

With the process according to the present
invention both a high production-capacity and a high
yield and high selectivity are realised in the
hydrogenation of cinnamaldehyde to 3-phenylpropanal.

The temperature at which the process
according to the invention is carried out is not
critical and is usually around ambient temperature or
an elevated temperature, for example of between 20 and
180°C. Preferably a temperature of between 55 and 90°C
is used because it seems that the highest selectivity
can then be obtained. The pressure at which the process
according to the invention is carried out is not
critical either. Usually use is made of atmospheric or
an elevated pressure, for example a pressure of between
0.1 and 15 MPa. Preferably the hydrogenation is carried
out at a pressure of between 0.5 and 8 MPa, in
particular between 4 and 8 MPa.

Preferably Pd on a carrier is used as the Pd-
containing catalyst, for example a Pd/C or a Pd/Al,0,
catalyst. The amount of catalyst to be used is not
critical. Mostly use is made of between 0.01 and 2 wt.%
Pd, preferably between 0.01 and 0.5 wt.% Pd, relative
to the amount of cinnamaldehyde.:

The selectivity of the hydrogenation can be
further increased by adding an alkali salt of a weak
acid to the reaction mixture. It has been found that
the potassium salt in particular considerably increases
the selectivity. Acids with pKa values of 4 or more are
suitable for use as the weak acid, for example carbonic
acid or carboxylic acids, in particular acetic acid,
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propionic acid and butyric acid.
The best results were obtained by adding potassium
acetate.

The reaction mixture obtained after the
hydrogenation, which contains mainly 3-phenylpropanal,
can, after the removal of the catalyst, be subjected as
such, directly, to an oxidation, in which 3-
phenylpropionic acid is obtained. It has been found
that it is possible to convert 3-phenylpropanal into 3-
phenylpropionic acid via a simple oxidation using a
medium containing molecular oxygen, for example air,
optionally without using a solvent or a catalyst. In
this way an extremely simple and commercially
attractive process is obtained for the preparation of
3-phenylpropionic acid using cinnamaldehyde as a
starting material. To obtain a pure end product in this
process it suffices to solely purify the end product -
for example through distillation or crystallisation; no
intermediate further processing of the hydrogenation
mixture is required.

The invention hence also relates to the
preparation of 3-phenylpropionic acid via the
hydrogenation of cinnamaldehyde to 3-phenylpropanal,
followed by the oxidation of 3-phenylpropanal to 3-
phenylpropionic acid.

A route via cinnamic acid which is converted
into 3-phenylpropionic acid via hydrogenation is often
followed for the preparation of 3-phenylpropionic acid
in the known processes. This route is technically less
attractive because cinnamic acid has to be isolated as
a solid substance; the route is also commercially less
attractive because of the higher cost price of cinnamic
acid.

The oxidation is preferably carried out at an
elevated temperature. The temperature is preferably
between 40 and 80°C. The temperature is chosen to be as
high as possible to obtain the highest possible
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reaction rate; however, it has been found that the
selectivity of the oxidation reaction decreases at
higher temperatures. Preferably the temperature is
therefore chosen to be between 50 and 70°C, in
particular between 55 and 65°C. The pressure at which
the oxidation is carried out is not critical and is
mostly between approximately atmospheric pressure and 5
MPa. Preferably the oxidation is carried out at
elevated pressure, in particular between 0.2 and 2 MPa.
In practice it is often simpler to retain a high oxygen
concentration in the reaction mixture at an elevated
pressure. For obtaining a good result in the oxidation
it is of course important to ensure that the reaction
mixture contains sufficient oxygen. The opt imum
conditions for the reaction are hence for example a
suitable combination of the amount of oxygen supplied,
the degree of mixing of the oxygen in the reaction
mixture and the pressure at which the reaction takes
place. A person skilled in the art will easily be able
to determine the optimum combination for his situation.

The oxidation can optionally be carried out
in the presence of a solvent that is inert under the
reaction conditions. Examples of suitable solvents are
water, aliphatic or aromatic hydrocarbons, in
particular hexane, toluene or petroleum ether, or
ethers, in particular methyl-t-butylether (MTBE).
Preferably the oxidation is carried out without using a
solvent, because then the production capacity is
greatest and the further processing is simplest.

An oxidation catalyst ‘may optionally also be
added. Preferably, however, the oxidation is carried
out without a catalyst, because then a simpler process,
without catalyst removal, is obtained.

The 3-phenylpropionic acid obtained can be
used as an intermediate in the preparation of a number
of end products such as pharmaceuticals, in particular,
after conversion into the corresponding acid chloride,
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in the preparation of HIV protease inhibitors, known
for example as L-735,524, as described in Tetrahedron
Letters, Vol. 33, No. 3, 673-676, J. Med. Chem. 1992,
35, 1685-1701 and Chemistry & Engineering News, May 16,
1994, 6-7.

The invention will be further elucidated with
reference to the following examples, without however
being limited thereto.

Example I
79.5 g of cinnamaldehyde (CALD), 0.19 g of

potassium acetate (PAC), 0.8 g of water and 1.86 g of
5% Pd/C (Johnson Matthey type 487; 57.2% H,0 w/w) were
dosed to an inertised reactor with a volume of 160 ml,
fitted with a turbine stirrer and a hydrogen dosage
pipe. The reactor was then brought to a pressure of 58
bar with stirring (with the aid of hydrogen), after
which the temperature was raised to 60°C. The pressure
was maintained at 50 bar by constantly supplying H, gas
during the reaction. After a reaction time (t) of
approximately 5.5 hours virtually no more hydrogen was
absorbed. The reactor contents were then cooled to room
temperature, after which the reactor was made
pressureless and was purged with N,. After the removal
of the catalyst through filtration the reaction mixture
was analysed by means of gas chromatography. The
results are presented in Table 1.

Examples II-V
Examples II-V were carried out in the same

way as described for Example I. The reaction conditions
and results are shown in Table I.

Example VI
60 kg of cinnamaldehyde, 0.144 kg of

potassium acetate and 0.6 kg of H,0 were successively
introduced into an inertised Buss-loop reactor with a
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volume of 50 litres. Then the circulation pump was
started and 1.01 kg of 5.2% Pd/C (Johnson Matthey type
487; 54.0% H,0) was dosed, after which the temperature
was raised to 65°C, while the pressure was
simultaneously raised to S0 bar with the aid of
hydrogen. The pressure was kept at 50 bar by constantly
supplying H, gas during the reaction. After
approximately 3 hours virtually no more hydrogen was
absorbed. The reactor contents were then cooled to room
temperature, the pressure was released and the reactor
was drained with the aid of N,. After the catalyst had
been removed through filtration the reaction mixture
was analysed by means of gas chromatography. The
results are shown in Table 1.

Examples VII-X
Examples VII-X were carried out in the same

way as described for Example VI. The reaction
conditions and results are shown in Table 1.

Comparative experiments 1-4

The comparative experiments 1-4 were carried
out in the same way as described for Example I. The
reaction conditions and results are shown in Table 1.

Example XI

The oxidation was carried out in a reactor
with a volume of 200 litres, fitted with a stirrer, a
gas inlet pipe and a condenser.
143.44 kg of ’‘crude’ phenylpropanal, obtained by mixing
two hydrogenation batches obtained according to the
procedure described in Example VIII and one
hydrogenation batch obtained according to the procedure
described in Example IX, was introduced into this
reactor. This crude product had the following
composition: 93.0 wt.% 3-phenylpropanal, 2.6 wt.% 3-
phenylpropanol and 0.9 wt.% H,O.
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Then the dosage of air at a flow rate of 73.2
m?/h (15°C/1 bar) was started, with stirring, and the
pressure in the reactor was set to 5 bar. The reaction
mixture was then heated to 60°C and kept at this
temperature. The percentage of 0, in the off-gas was
originally 15-16% and gradually increased after 4
hours'’ reaction. After 7.4 hours’ reaction virtually no
more oxygen was absorbed and the gas flow was stopped
and the mixture was cooled to room temperature. The
reaction mixture now weighed 154.7 kg; GLC analysis
showed that it had the following composition: 3.2 wt.%
3-phenylpropanal, 0.7 wt.% 3-phenylpropanol, 0.5 wt.%
cinnamaldehyde; 85.1 wt.% 3-phenylpropionic acid; 0.74
wt.% ethylbenzene and 0.44 wt.% H,0. This corresponds
to a degree of conversion of 3-phenylpropanal of 96.3%
and a selectivity towards 3-phenylpropionic acid of
91.6%.
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CLAIMS

l.Process for the preparation of 3-phenylpropanal in

which cinnamaldehyde is hydrogenated with the aid
of a Pd-containing catalyst, characterised in that
1-5 wt.% water, relative to the amount of
cinnamaldehyde, is present in the reaction mixture
during the reaction. .

Process according to Claim 1, characterised in
that the hydrogenation is carried out in the
presence of potassium acetate.

Process according to Claim 1 or Claim 2,
characterised in that the hydrogenation is carried
out at a temperature of between 55 and 90°C.
Process according to any one of Claims 1-3,
characterised in that the hydrogenation is carried
out at a pressure of between 4 and 8 MPa.

Process for the preparation of 3-phenylpropionic
acid, characterised in that cinnamaldehyde is
converted into 3-phenylpropanal according to any
one of Claims 1-4, after which the 3-
phenylpropanal obtained is subjected to an
oxidation using a medium containing molecular
oxygen. ,
Process according to Claim 5, characterised in
that the oxidation takes place at a pressure
between 0.2 and 2 Mpa.

Process according to any one of Claims 5-7,
characterised in that the oxidation takes place at
a temperature between 50 and 70°C.

Process according to any one of Claims 5-7,
characterised in that the oxidation is carried out
in the absence of a solvent.

Process according to any one of Claims 5-8,
characterised in that the oxidation is carried out
in the absence of a catalyst.

Process for the preparation of a HIV protease
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inhibitor, characterised in that 3-phenylpropionic
acid is prepared using the process according to
any one of Claims 5-9 and is then converted into
the HIV protease inhibitor. ’

Use of 3-phenylpropionic acid obtained using the
process according to any one of Claims 5-9 in the
preparation of pharmaceuticals, in particular HIV
protease inhibitors.
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