
"Process for obtaining amines by reduction of amides"
Background of the invention The present invention
relates to an improved process for obtaining amines
with the following formula b Z R1- C- N H 2 R3 by
catalytic reduction of the corresponding amide. The
amines should be obtained with high yield and purity.
They can be used in a broad range of applications
including agrochemicals, pharmaceuticals, detergents,
personal care.... Prior art There are several well
described processes for obtaining such amines.
Alddh'ydes, ketons or alcohols react with ammonia or '
amines under reductive conditions to form primary,
secondary or tertiary amines. Another route starts
from nitriles, which are reduced to primary amines and
if necessary transformed to tertiary amines by
reaction with formaldehyde. For speciality products,
like pharmaceutical intermediates, the starting
material is often an organic halogenide, which reacts
readily with ammonia or an amine to form an organic
amine salt. High value amine products can also be
obtained by reducing amides with powerful reducing
agents like LiBH or AIH3. However, when using
catalytic hydrogenation the amide reduction route
becomes attractive for producing a broad range of
amines, especially for bulk processes. For the
production of fatty dimethylamines for instance, the
fatty amide can be easily obtained by reacting the
fatty acid with dimethylamine. By reducing this amide
thedesired amine is obtained. This route offers an
economically interesting alternative for the fatty
alcohol or fatty nitrile route (currently used to
produce fatty amines). Patents describing the
catalytic hydrogenation of fatty amides have been
published since the early 60s (see for example US-A-3
190 922, US-A-3 444 204). Until now, however,
processes describing the reduction of amides are not
very appealing due to low activity and/or side product
formation; especially fatty alcohol and dialkylamines
(containing a further R 1-CH2 group instead of an R2
or an R3 group). \lz-R 1 R 1- CH2 -OH R1- CH2 - N R2
(or R3) fatty alcohol Dialkylamine The dialkylamine
side products will increase the distillation residue
while fatty alcohols, due to little difference in
boiling temperature, cannot be separated from the
fatty amine and thus reduce the product quality. In
the prior art the catalytic hydrogenation of fatty
amides has been performed either in a liquid or in a
gaseous phase. When working in slurry, with recycle of
hydrogen, the reaction is usually carried out under a
relatively low reaction pressure, i.e. under reaction
pressures lower than 55 bars. A number of patent
publications which describe a liquid phase slurry
process to produce an alkyldimethyl amine, namely
US-A-3 190 922, US-A-5 840 985 and USA- 5 075 505,
teach to add DMA (dimethylamine) in order to reduce
the formation of fatty alcohol. However, it appears
for example from comparative example 1 of US-A-5 840
985, from example 2 of US-A- 5 075 505 and from
example 5 of US-A-3 190 922 that although the addition
of DMA contributes to solving the problem of the
alcohol formation it does not help to solve the
problem of the dialkylamine sideproducts which are
formed. On the contrary, when comparing example 5 of
US-A-3 190 922 with example 1 thereof, it even appears
that the addition of DMA increases the formation of
these dialkylamine side 



products. US-A-5 840 985 discloses to solve the
problem of the dialkylamine side product formation by
addition of sodium methoxide to the solution. The
addition and removal of this salt is of course
reflected in the overall economics of the process.
Moreover, the scale up of these slurry processes is
not straightforward among others due to the difficult
catalyst recycle. Especially continuous operation
becomes a difficult issue. Moreover, there is a real
risk of catalyst (like CuCr, Ni,...) ending up in the
product. The known fixed bed processes wherein the
amide is at least partially led in the gaseous phase
over the catalyst can also not compete with the fatty
alcohol or nitrile processes. Pashkova,LP.;
Yakashkin.M.I. Zhurnal Prikladnoi Khimii,Vol.53, No.8,
pp 1834-1 837 disclose a process wherein the
hydrogenation reaction is carried out at atmospheric
pressure. Hydrogen is supplied to the reactor at a
molar hydrogen/amide ratio of 10/1 . Notwithstanding
the use of such a relatively high amount of hydrogen
and notwithstanding the fact that in the examples the
amide was only led over the catalyst at a flow rate of
0.16 g/g catalyst/hour, not only selectivity but also
conversion is low. The reaction product contained,
apart from a small amount of alcohol, a large amount
of other side products. In order to increase the
conversion, the hydrogenation reaction can be
performed under higher reaction pressures as disclosed
for example in US-A-3 444 204. This US patent
discloses a pressure range of between 50 and 300
atmospheres but all of the examples are performed at a
pressure of 250 or 260 atmospheres At such high
pressures activity is reasonably good, but from the
examples of US-A- A- 3 444 204 it appears that the
selectivity or yield is still low due to the formation
of the undesired dialkylamines (see for example
Example 1 of US-A-3 444 204; ca. 4.5% of
dialkylmethylamine is formed) and, in case of more
realistic catalyst contact times, also due to the
formation of alcohols (see for example Example 2 of
US-A-3 444 204). A further important drawback of the
hydrogenation process disclosed in LJS-A- 3 444 204 is
that the use of the high reaction pressures implicate
high construction and operation costs. In the process
disclosed in US-A- 3 444 204 the high reaction
pressure appears however to be essential to achieve
the best possible yield, although this yield is still
too low. According to the present inventors the fact
that the process disclosed in US-A-3 444 204 requires
high reaction pressures to optimise the yield can be
explained as follows. When a film of liquid is formed
onto the surface of the catalyst a high pressure is
required to achieve a sufficient hydrogen
concentration on the surface of the catalyst. As
appears for example from c. 4, I. 16-20 of US-A-5 075
505 hydrogen diffuses indeed badly into the amide.
Such a diffusion is however required in the process
disclosed in US-A-3 444 204 since, under the high
pressures used in that process, a large portion of the
amide will still be in liquid form notwithstanding the
fact that a lot of hydrogen is used. In fact in
examples 1 and 2 only about 20wt% of the amide will be
in the vapour form due to the low vapour pressure of
the amide combined with the high pressure in the
reactor. Consequently, a film of liquid amide and
reaction products will be present on the surface of
the catalyst wherein the hydrogen has to diffuse to be
able to react. This diffusion is enhanced by the use
of higher hydrogen pressures so that, in the process
described in US-A-3 444 204, the use of pressures
higher than 50 atmospheres is essential to achieve a
good conversion. An object of the present invention is
to provide a process for preparing amines in the
gaseous phase by catalytic reduction of anamide which
enables to achieve the amines with higher yield and
purity. The amine corresponds to the following
formula: 



R1- C-ISI H2 R3 wherein R 1 is H or a saturated or
unsaturated hydrocarbon group containing from 1 to 23
carbon atoms and wherein R2 and R3 are independently H
or a hydrocarbon group containing from 1 to 8 carbon
atoms, and preferably 1 to 4 carbon atoms, and the
amine is obtained by reducing an amide of the
following formula: wherein R4 is equal to R 1 but may
show a different degree of unsaturation, with hydrogen
by means of a hydrogenation catalyst. Summary of the
invention To achieve. the object of the invention, the
process is characterised in that the amide is reduced
by means of hydrogen in the presence of an auxiliary
amine of the following formula: HISk R3 and in that
the hydrogen, the auxiliary amine and the amide are
all led at least substantially completely in a gaseous
form, in a gaseous stream, over the hydrogenation
catalyst at a reaction pressure higher than 2 but
lower than 50 bars. It was found that when working
entirely or at least substantially entirely in the
gaseous phase at reasonable low pressures (2-50 bar)
and adding an auxiliary amine, high activity and very
high selectivity towards the desired amine can be
obtained using typicalhydrogenation catalysts. At
pressures of between 2 and 50 bars, it is economically
feasible to use the amount of hydrogen (optionally in
combination with an additional carrier gas) which is
required to vaporise all of the amide in the
feedstream. At the pressures used in the examples of
US-A-3 444 204 it is on the contrary almost not
feasible to use an amount of hydrogen which would
vaporise all of the amide. The present inventors have
done tests showing indeed that the saturated vapour
pressure of dimethyllaurylamide at 250O comprises
about 220 mbar. At 250 bar, more than 1000 mol H2/mol
dimethyllaurylamide would thus be required for
complete amide vaporisation. In the examples given in
US-A- 3 444 204 much less hydrogen is however used,
more particularly such an amount that only a minor
part of the amide is actually in the vapour form.
Surprisingly, in the process according to the
invention the lower reaction pressure does not result
in lower activity. On the contrary, even higher
activity was obtained. An important advantage of the
relatively low pressures applied in the process
according to the invention, is indeed that they enable
to use the amount of hydrogen (optionally in
combination with other carrier gasses) required to
vaporise all of the amide. In this way no liquid film
is formed on the catalyst so that no high reaction
pressure is required to allow the hydrogen to reach
the catalyst surface. The combination of a relatively
low pressure, a sufficiently high amount of hydrogen
and optionally other gasses to vaporise all of the
reactants and the use of an auxiliary amine was thus
found quite surprisingly to enable to obtain a high
activity and a very high selectivity towards the
desired amine using typical hydrogenation catalysts.
The addition of the auxiliary amine did not only
reduce the alcohol content in the product, but
surprisingly also the formation of the undesired
dialkylamines. The low dialkylamine formation is not
only important to obtain high yields of the desired
amine product, but in case of gasphaseoperation the
high boiling dialkylamines could form a liquid film
around the catalyst, blocking the active sites and
reducing its activity and life time. This is thus
prevented in the process according to the invention by
the addition of the auxiliary amine. In a preferred
embodiment of the process according to the invention,
the gaseous stream which is led over the catalyst is
composed to contain, per mole of said amide, in total
at least Nc moles of carrier 



gasses which comprise at least said auxiliary amine
and said H2; with N = -Ptot -VP VPa wherein: Ptot =
the reaction pressure; and VPa = the saturated vapour
pressure of the amide at the reaction temperature.
When using such an amount of carrier gasses, the amide
is led entirely in vapour form over the catalyst.
Indeed, with such an amount of carrier gasses, the
amide is completely vaporised since the partial
pressure of the amide is lower than the saturated
vapour pressure of the amide at the reaction
temperature. Depending on the starting amide and
auxiliary amine, the reaction conditions may differ in
temperature, pressure, H2 flow and catalyst. In
practice the carrier gas consists predominantly out of
H2 with small quantities of auxiliary amine. Mixtures
of H2 and inert gasses like N2 or He are also
possible. By operating like this, a very pure amine
product can be obtained, containing no or low
unreacted amide and alcohol and only minor amounts of
mixed amines by-products. Depending on the
application, the obtained product can be used as such
or requires a simple purification.On top of that, the
catalyst does not suffer from rapid deactivation. The
free access of H2 on the catalysts, protecting it from
poisons in the feed or poisonous reaction
intermediates, may explain this prolonged life
compared to liquid and trickling phase reactions. The
process can be easily operated as a fixed bed process.
. This offers important advantages over slurry
processes, such as a straightforward continuous
operation, simple process follow up and no catalyst
ending up in the product. The unreacted H2 and
auxiliary amines can be easily separated from the
product and recycled The low operation pressure of
this invention, compared to the known fixed bed
processes, reduces significantly the construction
costs and moreover lowers drastically the extremely
high H2 excess or additional inert carrier gas (and
thus recycle stream) necessary to vaporise the high
boiling amides. Detailed description of the invention
The present invention relates to a process for the
production of primary, secondary or tertiary amines of
following formula: b 2 RI-C-N N H2 R3 wherein R 1 is H
or a saturated or unsaturated hydrocarbon group
containing from 1 to 23 carbon atoms and wherein R2
and R3 are ' independently H or a hydrocarbon group
containing from 1 to 8 carbon atoms. The process
comprises the reduction with H2 of an amide of
following formula:wherein this amide is led together
with an auxiliary amine of following formula: R3 in a
gaseous stream which contains the H2, over a
hydrogenation catalyst. In the formula of said amide,
R4 is equal to R1 but may show a different degree of
saturation. Notice that, in case R2 and R3 are both H,
the auxiliary amine is in fact ammonia which has in
the present specification also to be understood as
being an amine. An essential feature of the process
according to the invention is that the entire amount
of the amide which is led over the catalyst is led in
gaseous form over the catalyst. This is achieved by
using a sufficient amount of hydrogen, optionally in
combination with one or more 



additional carrier gasses. The reaction is carried out
at a relatively low pressures in the range of between
2 and 50 bars. In view of obtaining a still higher
activity, the reaction pressure is preferably higher
or equal to 3 bars, more preferably higher or equal to
4 bars and most preferably higher or equal to 5 bars.
Since the required amount of carrier gas increases
considerably with higher pressures, the reaction
pressure is preferably lower than 45 bars, more
preferably lower than 30 bars and most preferably
lower than 20 bars. The amount of carrier gasses is
selected in such a manner that all of the reactants
are at least substantially entirely vaporised. This is
achieved when use is made, per mole of amide, of a
total at least Nc moles of carrier gasses which
comprises the hydrogen, the less important amount of
auxiliary amine and any further substances (carrier
gasses) which are gaseous under the reaction
conditions, withP -VP N = tot a VPa wherein: Ptot =
the total reaction pressure; and VPa = the saturated
vapour pressure of the amide at the reaction
temperature. For an amide having a saturated vapour
pressure of about 220 mbar at the reaction
temperature, Nc is for example equal to: 22 for a
reaction pressure of 5 bars; 44 for a reaction
pressure of 10 bars; 90 for a reaction pressure of 20
bars; 226 for a reaction pressure of 50 bars; and 1135
for a reaction pressure of 250 bars. Typical reaction
temperatures range from 100 to 350 C and H2 dilution
varies from 5 to 500 mole/mole amide, all depending on
the volatility of the reagents and products as well as
on the working pressure and catalyst type. The
reaction is catalysed by typical hydrogenation
catalysts. These are usually metal based like Cu, Cr,
Ni, Co, Pd, Pt, Ru or mixtures thereof, optionally on
support and in the presence of modifiers like Li, Na,
K, Ba, Mg, Ca, Mn, Zr. The most preferred catalyst is
a CuCr-type of catalyst. The addition of the auxiliary
amine strongly reduces the side product formation, in
particular alcohol but surprisingly also dialkylamine,
when the reaction is performed at least substantially
entirely in the gaseous phase as in the process
according to the present invention. In a preferred
embodiment of the present invention the auxiliary
amine / amide mole ratio varies from 0.05 to 40, and
is preferably higher than 0.4, more preferably higher
than 0.6. In a preferred embodiment, the auxiliary
amine / amide mole ratio is lower than 30, preferably
lower than 15, and most preferably lower than 5. The
lower the auxiliary amine/amide ratio,the higher the
side product formation while higher ratios are not
desired for reasons of capacity loss and large amine
recycle streams. Due to absence of consumption, the
auxiliary amine can be recycled. Also addition of
large quantities of tertiary auxiliary amines ((R2)3N)
do not effect the selectivity, on the contrary and
surprisingly, an improvement of the selectivity could
be observed in cases where R2 and R3 are the same and
consist of a hydrocarbon group with 1 to 4 carbon
atoms. In view of the high selectivity and activity of
the process according to the invention, the amide and
other reactants can be led at a relatively high flow
rate over the catalyst, notwithstanding the fact that
the amide is quite diluted in the carrier gas. In view
of obtaining a high selectivity, especially to avoid
alcohol and undesired dialkylamines in the product
stream, the amount of catalyst, or in other words the
contact time with the catalyst, is preferably
sufficient to convert more than 95wt%, 



preferably more than 98wt%, and more preferably more
than 99 wt% of the amide. The catalyst is preferably a
fixed bed catalyst. If the desired amine is a tertiary
amine with R2 and R3 being the same, any secondary
amine present in the product which is separated off
from the gaseous stream which has passed over the
catalyst can be converted quite easily to the desired
tertiary amine by an additional alkylation step.
Example 1 In a fixed bed reactor containing 15 g of
CuCr catalyst (Leuna 1970T) a mixture of
N,N-dimethyldecylamide, DMA and H2 is introduced. The
mixture with a molar composition of amide/auxiliary
amine/H2 of 1/3/120 is preheated and introduced
continuously at the catalyst bed at a rate of 15 g
amide/h. The reactor is heated at 250 0C and operated
at 10 bars. At the outlet, the product containing the
amine is separated from the gas by condensation. The
liquid outlet is analysed using gaschromatography, the
composition (area%) is displayed in table1. By a
simple methylation reaction, N-methyldecylamine can be
converted to N,N-dimethyldecylamine reducing the side
products to less than 1%. Table 1: product
distribution (GC analysis, area%) Nd: not detected
Example 2 In a fixed bed reactor containing 50 g of
CuCr catalyst (Cu0203 Engelhard) a mixture of
N,N-dimethyldodecyl amide, DMA and H2 with following
molar ratio 1/3/76 is fed continuously at an amide
rate of 20 g/h. Prior to the catalyst bed, the mixture
passes a pre-heater at 2509C. The catalyst bed is also
heated at 250 C and the reactor is operated at 5 bars.
At the outlet, the product containing the amine is
separated from the gas flow (containing the H2 and the
auxiliary amine) by condensation. The liquid outlet is
analysed daily using gaschromatography, the
composition (area%) is displayed in table 2. No
deactivation is observed after 1 month of testing.
Table 2: product distribution (Gc analysis, area%) Nd:
not detectedExample 3 In a fixed bed reactor
containing 5 g of catalyst (Cu0203 Engelhard) a
mixture of N,N-dimethylacetamide, DMA and H2 is
introduced. The mixture with a molar composition of
amide/auxiliary amine/H2 of 1/3/30 is preheated and
introduced continuously at the catalyst bed at a rate
of 2 g amide/h. The reactor is heated at 25CO and
operated at 10 bars. At the outlet, the product
containing the desired amine is analysed with GC
on-line. The product composition (area%) is displayed
in table 3 Table 3: product distribution (GC analysis,
area%) Nd: not detected Example 4 In a fixed bed
reactor containing 5 g of catalyst (Leuna 1970T) a
mixture of acetamide, NH3 (as auxiliary amine) and H
is introduced. The mixture with a molar composition of
amide/ammonia/H 2 of 1/10/30 is preheated and
introduced continuously at the catalyst bed at a rate
of 2 g amide/h. The reactor is heated at 250 and
operated at 10 bars. At the outlet, the product
containing ethylamine is analysed with on line GC. The
product composition (area%) is displayed in table
4Table 4: product distribution (GC analysis, area%)
Nd: not detected Comparative example A In the same
reactor set up, example 1 is repeated except for the
DMA addition. The selectivity towards
N,N-dimethyldecylamine is reduced to 92.5 %, mainly at
expense of N-methyldidecylamine and decanol. Table 5:
product distribution (Gc analysis, area%) 



Nd: not detected Comparative example B In the same
reactor set-up as example 2, containing 50 g of CuCr
catalyst (CuO2O3 of Engelhard) a
N,Ndimethyldodecylamide/ DMA/H 2 mixture with
following composition 1/3/8 (molar) was fed
continuously at a rate of 5 g amide/h. The reaction
was carried out at 10 bars and 250 C and the product
outlet was analysed daily. In this experiment the H2
dilution is far too little to vaporise 95% of the
reagents, resulting in very poor activity and
selectivity. After one week already a catalyst decay
is observed. Table 6: product distribution (Gc
analysis, area%)C5a Receptor Antagonists The present
invention is related to antagonists of the C5a
receptor and the use thereof. Besides the adaptive
immune system another - in terms of evolutionary
development much older - system for the defence
against infection exists. This system is called
complement system and consists of more than 30 soluble
and membrane bound proteins. The complement system can
be activated without or together with the adaptive
immune system to eliminate, e.g., pathogenic bacteria.
An uncontrolled activation or inadequate regulation of
the complement system is related to a number of
inflammatory diseases like septic shock, reperfusion
injury, rheumatoid arthritis, transplant rejection,
acute respiratory distress syndrome (ARDS), systemic
lupus erythematosis (SLE), and glomerulonephritis.
Numerous overviews over the relation between the
complement system and diseases are published (e.g.
Kirschfink 1997 Immunopharmacology 38: 51-62; Markides
1998 Pharmacological Reviews 50: 59-87, Walport 2001
The New England Journal of Medicine 344: 1140-1144,
Walport 2001 The New England Journal of Medicine 344:
1058-66). Activation of the complement system takes
place via three different pathways. They are called
classical, alternative, and mannose-binding lectin
(MBL) way. All pathways proceed via the sequential
processing and thus activation of pro-forms of
proteases. As each activated protease can cleave and
therefore activate the next pro-form, an amplification
of the initial reaction is obtained. This is similar
to the clotting cascade. An overview over the
complement system is given by Sim and Laich (2000
Biochemical Society Transactions 28: 545-550). Some of
the most important proteins that are generated upon
complement activation are C3a, C3b, C5a, and C5b.
These proteins will be discussed in detail. C3b is an
essential part of a central protease of the complement
cascade, the C5 convertase. C3b is part of the C5
convertase from both, the classical and alternative
pathway of complement activation. The MLB pathway is
proceeding via the convertases of the classical
pathway, too.The C5 convertase is responsible for the
progress of the complement cascade and catalyses the
cleavage of C5. Additionally, C3b is covalently
attached to the surface of, e. g., bacteria which are
thus more prone to phagocytosis by macrophages.
Similar processes are described for immune complex
clearance. C3a is the smaller fragment that is
produced in addition to C3b upon cleavage of C3. C3a
is a comparatively weak chemokine and belongs to the
anaphylatoxins. C5b is formed upon cleavage of C5.
This cleavage product is the starting point for the
formation of the membrane attack complex (MAC). The
MAC forms a pore which perforates both plasma
membranes of bacteria and endogenous cells. Due to the
pore formation the perforated cells can be lysed. C5a
is the 74 amino acid N-terminal cleavage product of
the a-chain of plasma protein C5 and is released by
the activity of the C5 convertase. C5a is bound by its
receptor which is referred to as C5a receptor C5aR1 or
CD88, with high affinity and triggers a number of
pro-inflammatory effects. It is one of the most potent
chemokines and belongs as C3a to the anaphylatoxins.
The C5aR can be found on many cells. This receptor is
particularly found on neutrophils, macrophages, smooth
muscle cells, and endothelial cells. C5a release is
thought to be directly or indirectly responsible for
many acute and chronic diseases as well as symptoms
thereof. Examples for acute diseases and symptoms are
septic shock, SIRS (systemic/severe inflammatory
response syndrome), MOF (multi organ failure) oder
ARDS (acute respiratory distress syndrome). An example
for a chronic disease is rheumatoid arthritis. Several
systemic diseases cause local manifestations which can
be treated with a C5a receptor antagonist. Finally,
C5a and its receptor are interesting targets also for
infections and diseases associated 



therewith, i.e. inflammatory diseases as for instance
mycarditis. Due to the involvement of C5a and its
receptor in several diseases and symptoms thereof, in
the prior art several strategies were developed for
the treatment of these.C5a receptor antagonists, as
reported in detail below, can be used for an
intracorporal therapy as well as for an extracorporal
treatment of blood and organs. For instance, for the
treatment of dialysis patients or other patients
observing thereby unwanted side effects, one should
evaluate the possibility that e.g the complement
system might be activated at the artificial surfaces.
Furthermore, such a treatment can be used to treat
reperfusion injuries that can occur in patients
undergoing revascularization or other treatments to
increase or renew blood circulation, such as e.g. PTCA
or thrombolysis, as well as in patients undergoing
surgery during which the blood circulation is entirely
or partially interrupted as e.g. during aneurysm
surgery. An option is the extracorporal treatment of
organs before being transplanted. The C5a receptor
(C5aR) is a particularly interesting target for the
development of a drug for the treatment of C5a induced
diseases and symptoms. This is especially the case due
to the finding that mice lacking the receptor do not
show an unusual phenotype (Hopken et al. 1996 Nature
383: 86-89). Thus it appears that blocking the C5a
receptor probably does not have any negative effect.
Merely, a higher sensitivity versus pseudomonad
infection was observed in mice lacking the receptor.
This means that the complement cascade with its useful
functions for defense against pathogens (MAC
formation) and immune complex clearance can still
proceed in an unhindered manner even when the receptor
is totally inactivated. Nevertheless, these animals
are protected against ischemia reperfusion injury. For
this reason, the inhibition of the C5a receptor
appears more favorable than e.g. an inhibition of the
complement system at the level of the cleavage of C5
or above. Up to now several methods for the
development of C5a receptor antagonists were used.
Among them recombinant proteins, peptides and also few
small molecules are known in the literature. Examples
for C5aR inhibitors based on the use of recombinant
proteins are CGS 32359 (Ciba- Geigy, Pellas et al.
1998 Journal of Immunology 160: 5616-5621), DpIII-A8
(Heller et al. 1999 Journal of Immunology 163:
985-994) and antibodies, which can be of recombinant
or nonrecombinant origin (Huber-Lang et al. 2001 Faseb
Journal 15: 568-570). These C5aR antagonists are
proteins and therefore expensive in production. They
have comparatively high affinities and specificities
but have the drawback of pronounced immunogenicity. In
addition proteins can be effectively administered only
by costly procedures such as, e.g., i.v. or s.c.
injection.Peptidic antagonists were developed
following different strategies. For example the
C-terminal sequence information of C5a was used for
the development of peptidic C5aR antagonists. Peptides
as therapeutically useable antagonists of the C5aR are
advantageous over protein therapeutics because of
lower production costs and reduced immunogenicity.
Many peptidic antagonists are described in the
literature. Examples for these peptidic C5aR
antagonists or partial agonists are found in the
following patents and patent applications: US 4692511,
US 5663148, WO 9009162, WO 921 1858, WO 9212168, WO
9221361, WO 9407518, WO 9407815, WO 9525957, WO
9606629, WO 9900406 and WO 9913899, WO 03033528,
EP01498422 and WO05010030. However, disadvantages of
peptides are often poor oral bioavailability or higher
synthetic effort which is very disadvantageous
especially for very long peptides composed of more
than ten amino acids. Furthermore, peptidic bonds in
peptides composed of proteinogenic amino acids can be
cleaved e.g. via proteases in biological fluids. For
the therapy of chronic diseases the use of orally
bioavailable so called small molecules is particularly
advisable. This term usually refers to compounds with
a molecular weight up to 1000 g/mol, preferably up to
500 g/mol, which have only few peptidic structural
features, as e.g. peptide bonds. Examples of small
moelcule developments are amongst others L-156602
(Merck; Tsuji et al. 1992 Bioscience Biotechnologie
and Biochemistry 56: 2034-2036), TAN-2474 (Takeda; JPl
0 182648), RPR120033 (Rhone-Poulenc, Wong et al. 1999
IDrugs 2 : 686), W- 5401 1 (Mitsubishi Pharma,
Sumichika et al. 2002 Journal of Biological Chemistry
277: 49403) and NGD 2000-1 (Neurogen, Shaw and
Hutchison, 220th ACS National Meeting, Washington, DC,
August 2000). The development of these inhibitors is
described in numerous patents and patent applications,
as for instance in the following: WO0214265,
WO0222556, WO0249993, WO03082829, WO03082828,
WO03082826, WO03084524, WO04018460, US2004/0048913,
US6723743, US2004/0082577, WO04043925, US2004/0
116424, US2004/0 158067, US6777422, UA2004/0204446,
WO03082829, WO05007087, US06858637, US6069172,
WO0179189, WO02068377, WO03029187, WO02068377 and
WO04043925. Small molecules known up to now, which
interact with the C5a receptor either as antagonist or
agonist, are described in detail in the following
section. 



The first small molecule C5a receptor antagonist was
developed by Merck Sharp and Dohme in the early 1990s.
Successively, positively charged molecules as e.g.
compounds 1 and 2 wereidentified (Merck, Lanza et al.
1992 J. Med. Chem. 35: 252). These compounds showed
moderate binding activities of 3.3 and 12 mg/ml (= 8.9
and 35.5 mM, respectively). However, also undesired
side effects were observed (compound 7 inhibited the
fMLF-induced neutrophil activation) and no further
development or data were described. Instead, Merck
identified another series of C5a binding molecules
(Merck, Laszlo et al. 1997 Bioorg. Med. Chem. Lett. 7:
213) through screening of an in-house library. The
molecules with the highest affinity for the C5a
receptor were compounds 3 and 4. However, both
compounds are agonists and the attempt to eliminate
the agonistic activity, via modifications of the
structure, failed. Other lead series as, e.g.,
benzodiazepine (L-747 981, Flanagan et al. 210th ACS
National Meeting, Chicago, Illinois, August 20th-24th
1995) or tetrahydroimidazopyridine (L-164 712, Kim et
al. 210th ACS National Meeting, Chicago, Illinois,
August 20th-24th 1995) were also not successful in
this respect. During the last years no development was
announced by the company Merck in the area of C5a
receptor antagonists.PHARMACEUTICAL COMPOSITION
COMPRISING A 1-(3-CHLOROPHENYL)-S-ALKYLPIPERAZINE FOR
TREATING APETITE DISORDER *********** The present
invention relates to the pharmaceutical use of a 1-(3-
chlorophenyl)-3-alkylpiperazine having a chiral centre
(S) and of 5 pharmaceutically acceptable acid addition
salts thereof. More particularly, the present
invention relates to the use of a 1-(3-
chlorophenyl)-3-alkylpiperazine having a chiral centre
(S) and of pharmaceutically acceptable acid addition
salts thereof in the treatment of appetite disorders.
10 Throughout the present description and the claims,
the expression "having a chiral centre (S)", where
used, is intended to refer both to the racemic product
(R1S) and to the single (S) enantiomer. Patent US 3
253 989 describes an N-phenylpiperazine of formula in
which R is H, m-CI, p-CI, m-CH3 or p-CH3, endowed with
anorexigenic activity. Furthermore, other
N-phenylpiperazines endowed with hypophagia- 20
inducing activity are described in the literature, for
example mtrifluoromethyl phenylpiperazine (TFMPP) (Eur
J Pharmacol, 1987; 141 : 429). However, use of the
N-phenylpiperazines is limited by CNS sideeffects
which cause changes in mood and behaviour leading to
25 induction of anxiety states which often result in
panic attacks. Experimental studies have clearly
demonstrated anxiogenic effects of compounds such as
m-chlorophenyl-piperazine (mCPP) and TFMPP which
reduce social interaction time in the rat (Eur J
Pharmacol, 1989; 164: 445-54). Moreover, it has been
demonstrated that mCPP inducesand/or aggravates panic
attacks in patients with anxiety, obsessions in
patients with obsessive-compulsive disorder, states of
euphoria in alcoholics and cocaine addicts and the
symptomatology of schizophrenic patients (Pharmacol
Rev, 1991 ; 43: 527; Biol Psychiatr, 1991 ; 30: 1139;
Arch Gen Psychiatr, 1993; 50: 624; Arch Gen Psychiatr,
1993; 50: 1001 ; Arch Gen Psychiatr, 1994; 5 1: 898).
These severe side-effects of the phenylpiperazines
represent a serious drawback in chronic pathologies
that are very important from the social standpoint,
for example obesity. In fact, obesity can be regarded
as a chronic pathological condition, resulting from
complex interactions of cultural, psychological and
genetic factors. Obesity is defined in terms of BMI
(Body Mass Index) calculated as weight (kg)/[height
(m)]2. Currently, a BMI below 25 is considered normal,
from 25 to 29.9 is considered overweight, whereas a
BMI above 30 is an indicator of obesity. One of the
commonest causes of an overweight condition and of
obesity is an excessive calorie intake which is not
utilized by the body, but is accumulated in the
adipose tissue. Once the mass of adipose tissue has
accumulated, its reduction is 



impeded by a complex series of superimposed
neuroendocrine systems. This counter-regulatory
mechanism, which probably develops as protection
against food deprivation and against fetal or neonatal
weight loss, causes changes in appetite and in
metabolism which makes deliberate weight loss
difficult to achieve. Over recent decades, the
prevalence of obesity has increased exponentially,
reaching epidemic proportions in Europe and the USA.
Recent estimates suggest that, despite the continuing
efforts of the public health services, the health
problems of overweight and obese subjects are
continuing to increase. It has been calculated that
the number of obese adults in the 7 major markets
(USA, France,Germany, Italy, Spain, Great Britain and
Japan) is destined to increase from 95 million in 2000
to 139 million in 2010. Fewer than 25% of potential
patients are diagnosed as obese and fewer than 20% of
them are treated with drug therapy. This low
percentage of patients receiving drug therapy is due
to the limited efficacy of the available drug
therapies. Thus, the drugs currently available only
succeed in producing a 5-10% initial weight loss in
less than 50% of patients treated. Consequently, the
need for an effective drug therapy has increased
considerably in the last 30 years, also on account of
the social costs associated with obesity. In fact,
numerous studies have shown that being overweight
greatly increases the risk of morbidity caused by
various conditions including diabetes, hypertension,
dyslipidaemia, coronary cardiopathies, congestive
heart failure and myocardial infarction. Moreover,
increased body weight is also often associated with a
general increase in mortality. WO 93/14091 describes a
1-(3-chlorophenyl)-3-alkylpiperazine of formula (I):
(I) where R is an alkyl group having from 1 to 3
carbon atoms, as an intermediate for preparing alkyl
derivatives of trazodone. M. Giannageli et al. "Effect
of Modifications of the Alkylpiperazine Moiety of
Trazodone on 5-HT2A and ai Receptor Binding Affinity"
Journal of Medicinal Chemistry 1999, Vol. 42: 336-345,
describe amethod of separating the two S and R
enantiomers of the compound of formula (I) in which R
is methyl with (+) and (-)-tartaric acid respectively.
Furthermore, those authors also describe the
stereospecific synthesis of the (S) enantiomer of the
compound of formula (I) in which R is methyl. To date,
however, no therapeutic activity of the compounds of
formula (I) had ever been described. It has now been
found that the 1-(3-chlorophenyl)-3-alkylpiperazine of
formula (I) having an (S) chiral centre, both as
racemic (R S) and as single (S) enantiomer, is active
in the treatment of appetite disorders and is
surprisingly without anxiogenic side-effects.
Moreover, even more surprisingly, it has been found
that it is mainly the enantiomer of (S) configuration
that possesses these properties. A first aspect of the
present invention therefore relates to the
pharmaceutical use of a
1-(3-chlorophenyl)-3-alkylpiperazine of formula (I),
in racemic (R S) form or in the form of the (S)
enantiomer, (O in which R is a linear or branched
alkyl group having from 1 to 3 carbon atoms, or of an
addition salt thereof with a pharmaceutically
acceptable organic or inorganic acid. Preferably, this
pharmaceutical use comprises the treatment of an
appetite disorder.Typically, said appetite disorder is
selected from the group comprising hyperphagia,
bulimia and obesity. A second aspect of the present
invention relates to a pharmaceutical 



composition that includes a therapeutically effective
amount of a 1-(3- chlorophenyl)-3-alkylpiperazine of
formula (I), in (R S) racemic form or in the form of
(S) enantiomer, (I) in which R is a linear or branched
alkyl group having from 1 to 3 carbon atoms, or of an
addition salt thereof with a pharmaceutically
acceptable organic or inorganic acid, and at least one
pharmaceutically acceptable excipient. Preferably R is
methyl or ethyl. Even more preferably, R is methyl.
Advantageously, the compound of formula (I) is an
enantiomer of (S) configuration. Typically, said
organic acid is selected from the group comprising
maleic, methanesulphonic, paratoluenesulphonic,
succinic and citric acid. In its turn, said inorganic
acid is typically selected from the group comprising
hydrochloric, hydrobromic, phosphoric and sulphuric
acid. The preferred acid is hydrochloric acid. In the
case of the compound of formula (I) in the (S)
configuration, it is also possible to use optically
active acids such as lactic acid andtartaric acid,
both in the natural L(+) form. In that case, the
preferred acid is L(+) tartaric acid. The compound of
formula (I) in racemic (R S) form can be prepared by
known techniques, for example reaction scheme 3
described in WO 93/14091 . The enantiomer in the (S)
configuration can also be obtained by known
techniques, for example those described by M.
Giannangeli et al. (loc. cit.). The anxiogenic
activity of the compounds of the present invention was
investigated by means of the social interaction test
in the rat, which, as is known by a person skilled in
the art, represents an experimental model that is
predictive of the effects in humans. The normal social
interaction of rats (sniffing, nipping, grooming) is
generally suppressed when the animals are put in an
unfamiliar environment. Measurement of the time spent
by pairs of animals in interacting with one another
and exploring their surroundings (usually an arena
consisting of a Perspex container) constitutes a model
for verifying the action of substances that influence
social behaviour. As is well known, the social
interaction test shows numerous similarities between
the behaviour exhibited by the rats and anxiety states
in humans and proves to be a useful tool for
demonstrating effects on mood, both of the anxiogenic
and of the anxiolytic type. The hypophagia-inducing
activity of the compounds of formula (I) was
demonstrated by verifying the food consumption of
food-deprived rats. As is known to a person skilled in
the art, the aforesaid experimental model can also be
regarded as predictive of the activity in humans.
Verification of the consumption of food in
food-deprived rats represents a condition that
reproduces the complex system regulating the sensation
of hunger and the intake of food in humans. Fasting in
fact introduces many physiological changes that can
lead to activationof the circuits that are
specifically dedicated to the control of food intake.
As is well known, the use of this model constitutes a
valid tool for identifying substances capable of
interfering with appetite disorders and can be used in
particular for monitoring conditions such as
hyperphagia, bulimia and obesity. Preferably the
pharmaceutical compositions of the present invention
are prepared as suitable dosage forms containing an
effective dose of at least one compound of formula (I)
or of a pharmaceutically acceptable salt thereof with
an organic or inorganic acid and at least 



one pharmaceutically acceptable inert ingredient.
Examples of suitable dosage forms are tablets,
capsules, coated tablets, granules, solutions and
syrups for oral administration; medicated patches for
transdermal administration; suppositories for rectal
administration, and injectable sterile solutions.
Other suitable dosage forms are those with extended
release and those based on liposomes, for
administration by the oral, injectable or transdermal
route. The dosage forms can also contain other
conventional ingredients such as: preservatives,
stabilizers, surfactants, buffers, salts for
regulating osmotic pressure, emulsifiers, sweeteners,
colorants, flavourings and the like. If required for
particular therapeutic requirements, the
pharmaceutical composition of the present invention
can contain other pharmacologically active
ingredients, whose concomitant administration is
useful. The amount of compound of formula (I) or of a
pharmaceutically acceptable acid addition salt thereof
in the pharmaceutical composition of the present
invention can vary over a wide range depending on
known factors, for example the type of pathology, the
severity of the disease, the patient's body weight,
the dosage form, the chosen route ofadministration,
the number of daily doses and the efficacy of the
chosen compound of formula (I). However, determination
of the optimum amount is a simple and routine matter
for a person skilled in the art. Typically, the amount
of compound of formula (I) or of a pharmaceutically
acceptable acid addition salt thereof in the
pharmaceutical composition of the present invention
will be such as to ensure a level of administration
between 0.001 and 100 mg/kg/day. Preferably the level
of administration is between 0.05 and 50 mg/kg/day,
and even more preferably between 0.1 and 10 mg/kg/day.
The dosage forms of the pharmaceutical composition of
the present invention can be prepared by techniques
that are well known to a pharmaceutical chemist, and
include mixing, granulation, compression, dissolution,
sterilization and the like. Experimental section 1.
Preparation The compounds of the present invention can
be prepared by methods that are known to a person
skilled in the art. Referring to Table 1 below, the
racemic compound 1 was prepared by the method
described in Example 4 of WO 93/14091 whereas the two
enantiomers 2 and 3 were separated with (+) and
(-)-tartaric acid respectively, as described by M.
Giannangeli et al. (loc. cit.). The aforesaid methods
can also be used for preparing the compounds of the
present invention in which R is ethyl or propyl. The
m-chlorophenyl-piperazine (mCPP), used as comparison
compound, was prepared by the method described in US 3
253 989.Table 1 2 . Anxiogenic activity in the rat
(test of social interaction) Male CD rats weighing
150-250 g were used. The animals were kept in a room
with a controlled cycle of light and darkness
(6:00-18:00). To promote acclimatization and eliminate
responses induced by stress conditions, the rats were
handled and were injected daily with the vehicle
(water) for the four days preceding administration of
the test compounds. On the fifth day the animals were
treated intraperitoneal^ with the test compounds and,
after 20 minutes, the interaction time (seconds) spent
by the animals during a 10-minute period was
evaluated. The results are presented in Fig. 1 and
show that the interaction time of the animals treated
with the compound of the invention is approx. 90- 95%
of that of the control animals (injected with water
only or not 



treated) whereas the interaction time of the animals
treated with thecomparison compound (mCPP) is approx.
50% of that of the control animals. This test
therefore demonstrates that the compounds of the
present invention are almost devoid of anxiogenic
activity. Similar results can be obtained with the
compounds of the invention in which R is ethyl or
propyl. 3. Hypophagia-inducing activity in
food-deprived rats Male CD rats weighing 300-350 g
were used. The animals were kept in a room with a
controlled cycle of light and darkness (6:00-1 8:00).
Before the test, which was carried out at 9:30
corresponding to daytime, the animals were deprived of
food for 24 h. At the end of the fasting period, the
animals were treated orally with the test compounds
(10 mg/kg) in an aqueous vehicle and, immediately
after treatment, a pre-weighed amount of food was made
available. One hour after treatment, the food
consumption was evaluated by weighing the amount of
food remaining. The control animals were treated
orally with the vehicle (water) used for administering
the test compounds. The results are shown in Figs. 2A
and 2B. Fig. 2A shows that the amount of food consumed
by the animals treated with the racemic compound
(compound 1) of the invention is approx. 28% lower
than that consumed by the control animals. In its
turn, Fig. 2B shows that the amounts of food consumed
by the animals treated with the (S) enantiomer
(compound 2) and with the (R) enantiomer of the
invention are approx. 75-80% and 20% lower,
respectively, than that consumed by the control
animals. Fig. 2B therefore shows that the
hypophagia-inducing activity of the racemic compound
of the invention can be attributed almost entirely to
the (S) enantiomer. Similar results can be obtained
with the compounds of the invention in which R is
ethyl or propyl.4 . Pharmaceutical Compositions 4.1
Tablet A tablet containing a compound of the present
invention as active principle has the following
composition: Active principle 50 mg Lactose
monohydrate 161 mg Dibasic calcium phosphate dihydrate
161 mg Microcrystalline cellulose 95 mg Maize starch
30 mg Sodium carboxymethylamide 24 mg Povidone 11 mg
Magnesium stearate 3 mg 4.2 Injectable solution A vial
contains 5 ml of an injectable solution containing a
compound of the present invention as active principle.
Said solution has the following composition: Active
principle 25 mg Sorbitol q.s.f. isoosmotic solutions
Sterile water for injection q.s.f. 5 ml 4.3 Granules A
sachet contains 5.23 g of water-dispersible granules
containing a compound of the present invention as
active principle. Said granules have the following
composition: Active principle 50 mg Maltitol 1300 mg
Mannitol 2700 mg Sucrose 1000 mg Citric acid 15 mg
Aspartame 15 mg 



Flavourings 150 mgCLAIMS 1. Pharmaceutical use of a
1-(3-chlorophenyl)-3-alkylpiperazine of formula (I),
in racemic (R S) form or in the form of the (S)
enantiomer, (I) in which R is a linear or branched
alkyl group having from 1 to 3 carbon atoms, or of an
addition salt thereof with a pharmaceutically
acceptable organic or inorganic acid. 2. Use according
to Claim 1, characterized in that said pharmaceutical
use comprises the treatment of an appetite disorder.
3. Use according to Claim 2, characterized in that
said appetite disorder is selected from the group
comprising hyperphagia, bulimia and obesity. 4. Use
according to any one of the preceding claims,
characterized in that R is methyl or ethyl. 5. Use
according to any one of the Claims from 1 to 3,
characterized in that R is methyl. 6 . Use according
to any one of the preceding claims, characterized in
that the compound of formula (I) is an enantiomer of
(S) configuration. 7 . Use according to any one of the
preceding claims, characterized in that said organic
acid is selected from the group comprising maleic,
methanesulphonic, paratoluenesulphonic, succinic and
citric acid.8. Use according to any one of the Claims
from 1 to 6 , characterized in that said inorganic
acid is selected from the group comprising
hydrochloric, hydrobromic, phosphoric and sulphuric
acid. 9. Use according to any one of the Claims from 1
to 6 , characterized in that said acid is hydrochloric
acid. 10. Use according to Claim 6 , characterized in
that said acid is selected from the group comprising
L(+) lactic and L(+) tartaric acid. 11. Pharmaceutical
composition containing a therapeutically effective
amount of a 1-(3-chlorophenyl)-3-alkylpiperazine of
formula (I), in racemic (R S) form or in the form of
(S) enantiomer, (I) in which R is a linear or branched
alkyl group having from 1 to 3 carbon atoms, or of an
addition salt thereof with a pharmaceutically
acceptable organic or inorganic acid, and at least one
pharmaceutically acceptable excipient. 12.
Pharmaceutical composition according to Claim 11,
characterized in that R is methyl or ethyl. 13.
Pharmaceutical composition according to Claim 11,
characterized in that R is methyl. 14. Pharmaceutical
composition according to any one of the preceding
claims, characterized in that the compound of formula
(I) is an enantiomer of (S) configuration. 15.
Pharmaceutical composition according to any one of the
preceding claims, characterized in that said organic
acid is selected from thegroup comprising maleic,
methanesulphonic, paratoluenesulphonic, succinic and
citric acid. 16. Pharmaceutical composition according
to any one of the Claims from 11 to 14, characterized
in that said inorganic acid is selected from the group
comprising hydrochloric, hydrobromic, phosphoric and
sulphuric acid. 17. Pharmaceutical composition
according to any one of the Claims from 11 to 14,
characterized in that said acid is hydrochloric acid.
18. Pharmaceutical composition according to Claim 14,
characterized in that said acid is selected from the
group comprising L(+) lactic and L(+) tartaric acid. 


