WD 2006/ 136204 PCT/ EP2005/ 052886 -1 "Process for
obt ai ni ng am nes by reduction of am des"” Background
woboobhss20anvent i on The present invention rel at eBCT/BPANS/052886
i nproved process for obtaining amnes with the
followng formula ,R2 Rl- &GN 11 5 H2 R3 by catalytic
reduction of the correspondi ng am de. The am nes
shoul d be obtained with high yield and purity. They
can be used in a broad range-df- applications
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personal care.... 10 Prior art There are several well
descri bed processes for obtaining such am nes.
Al ddh' ydes, ketons or al cohols react with anmoni a or
am nes under reductive conditions to formprimary,
secondary or tertiary amnes. Another route starts
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10 Prior art

There are several well described processes for obtaining
such amines. Aldélydes, 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

15 amines and if necessary transformed o 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

20 reducing agents like LiBH4 or AlHs.

However, when using catalytic hydrogenation the amide
reduction route becomes atiractive 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

25 reacting the fatty acid with dimethylamine. By reducing this amide the



WO 2006/ 136204 PCT/ EP2005/ 052886 -2 desired amne is
obtai ned. This route offers an econom cally
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fatty nitrite route (currently used to produce fatty
am nes). Patents describing the catal ytic
hydr ogenation of fatty am des have been publi shed
since the early 60s (see for exanple 5 US-A-3 190 922,
US-A-3 444 204). Until now, hofwever, processes
descri bing the reduction of am des are not very
appeal ing due to low activity and/or side product
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residue while fatty alcohols, due to little difference in boiling temperature,
15 cannot be separated from the fatty amine and thus reduce the product
quality. o
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
20 reaction is usually carried out under a relatively low reaction pressure, i.e.
under reaction pressures lower than 55bars. 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 US-
A-5 075 505, teach to add DMA (dimethylamine) in order to reduce the
25 formation of fatty alcohol. However, it appears for example from
comparative example 1 of US-A-5840 985, from example 2 of US-A-
5075505 and from example 5 of US-A-83 190 922 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 side
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of octj ggl[)sg 'adSro%{ags w%erem 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

20 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
0/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.

25 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

30 pressures activity is reasonably good, but from the examples of US-A-



25 In order to increase the conversion, the
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WO e@otiseam pressures as disclosed for exanpl e POI/EP2005/052886
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reasonabl y good, but fromthe“bxanpl es of US-A WO
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20 be in liquid form notwithstanding the fact that a lot of hydrogen is used. In

fact in examples 1 and 2 only about 20wi% 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

25 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

30 preparing amines in the gaseous phase by catalytic reduction of an



vapour formdue to the | ow vapour pressure of the

am de conbined with the high pressure in the reactor.
w@omsaszent |y, a filmof liquid am de and reakPCT/BP2005/052886

products will be present on the surface of the

catal yst wherein 25 the hydrogen has to diffuse to be

able to react. This diffusion is enhanced by the use

of hi gher hydrogen pressures so that, in the process

described in US A3 444 204-%he use of pressures

hi gher than 50 atnospheres is essential to achieve a

good conversion. An object of the present invention is
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to achieve the am nes vwR2h higher yield and purity.

The ami ne corigsperdyto the following formula: |, R2

Rl- CGN *11 H2 R3Hphereg R1L is H or a saturated or
unsat urated hydrocarbon group 5 containing from1l to
23 car bonwisdreinsR &gl Hwéres gturdted amdinBatugated hydrocarbon group
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10 wherein R4 is equal to R1 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
15 characterised in that the amide is reduced by means of hydrogen in the
presence of an auxiliary amine of the following formula:

/R2

HN
“R3

H

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,

20 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

25 selectivity towards the desired amine can be obtained using typical



presence of an auxiliary am ne of the foll ow ng

formula: /R2 HNC R3 and in that the hydrogen, the
wa@eooslis@py am ne and the amide are all |ed at PCEHEB1005/052886

substantially conpletely in a gaseous form in a

gaseous stream 20 over the hydrogenation catal yst at

a reaction pressure higher than 2 but [|ower than 50

bars. It was found that when working entirely or at
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to the Tnvention the 15 |ower reaction pressure does
not result in Suwpksinglgtinvineypro@ess hecardingriarthe invention the

15 lower reaction pressure does not result in fower activity. On the contrary,
even higher activity was obtained. An important advantage of the
relatively low pressures applied in the process accordmg 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

20 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

25 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

30 obtain high yields of the desired amine product, but in case of gasphase



even higher activity was obtained. An inportant
advantage of the relatively |low pressures applied in
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Depending on the starting amide and auxiliary amine, the

reaction conditions may differ in temperature, pressure, H. flow and
20 catalyst.

In practice the carrier gas consists predominantly out of Hs
with small quantities of auxiliary amine. Mixtures of Hz and inert gasses
like N2 or He are also possible.

By operating like this, a very pure amine product can be

25 obtained, containing no or low unreacted amide ahd 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.



reacti on tenperature. Wen using such an anount of
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Detailed description of the invention

. The present invention relates to a process for the production
of primary, secondary or tertiary amines of following formula

R2
R1—G—N
H, RS
20 wherein R1 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 coniaining from 1 to 8 carbon
atoms.
The process comprises the reduction with Hz of an amide of
25 following formula:

Q Je

R4 —C—N
R3



costs and noreover |lowers drastically the extrenely
hi gh H2 excess or additional inert carrier gas (and

W0 bws/18@04/cl e stream necessary to vaporise tPET/BPIN5/052886
boi ling am des. 15 Detail ed description of the
i nvention The present invention relates to a process
for the production of primary, secondary or tertiary
am nes of following formula: ,R2 Rl- &GN H2 R3 20
wherein Rl is Hor a saturatedor unsaturated
hydr ocar bon group containing from1l to 23 carbon
atons and wherein R2 and R3 are 'independently H or a
hydr wberdio thigrayoipe de neditogeigerf widman aoxiaryaarioe of following
aton}s.rmTEe process conprises the reduction with H2 of
an am de of 25 fol | ow ng formula: P ~R2 R4-C N~ R3
WO 2006/ 1362042 PCT/ EP2005/ 052886 -9 wherein this
amde is together with an auxiliary am ne of
following Toggula: /R2 HNC R3 in a gaseous stream
whi ch contains t‘he H2, over a hydrogenation 5

cat alny gt gabsodshetrbammihicofcofriis amg de,, &éeri & RpBgerddlion
R1 but maglshow a different degree of saturation.
t

Mot i EdatyRhdn the ferawia pbsaighgmige. fi4isaua! @ 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
10 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
15 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 10 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
20 lower than 45 bars, more preferably lower than 30 bars and most
preferably lower than 20 bars.
The amount of carrier gasseé 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 N,
25 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, with



the auxiliary amine is in fact ammoni a which has in
the present specification also to be understood as
wheinag3@m am ne. An essential feature of the pPOLEBH05/052886
according to the invention is that the 10 entire
amount of the am de which is |led over the catalyst is
led in gaseous formover the catalyst. This is
achi eved by using a sufficient _ amount of hydrogen,
optionally in conbination wt Osne or nore
additional, carrier gasses. The reaction is carried
out at arelatively low pressures in 15 the range of
betvvee@q;%,md\@)@ bars. In view of obtaining a still
hi gher ‘actiwlty, the reaction pressure is preferably
hi gher or equal to 3 bars, nore preferably higher or
equal to Wheyging Pmath@walﬁewtwme§sweg¢r@t or equal

to 5 bars. \ghnce 4 ergsbﬁ"(ﬁ%'réof ?/QRQU@EFESS ?r{h'eeﬁpﬁdges at the

i ncreases conS| y Wwth Fessur 69
reaction pressur éeacslomtempemwlry 20 Iovver t han 45 bars,

re r rs,.and nos t
rer oob B e e BN, s30Mled YaBR S BRARE oous prp apber ot
gasste regctiel teotpedature, Nedhfon exampler equdhs: al | of the
react r | east su antially entirely
vapor ?g%gqr%f%fagﬁoq greggﬁpé)\?% PaiFren use is made, per
nol e o044 turiadeactidn prebsdralof ap dapgst Nc 25 nol es of
carri eg%&asses whi ch conpri s%sathe hydrogen, the |ess

i mpor t An{O" ALRBEHAN ESSHIRIA PARASini ne” and any furt her

10subst amséﬁ)rét‘rééétloﬁhfpr@@élﬁ@%) 50\Mar§%nare gaseous under
t he regctl on condjtions, with WD 2006/ 136204

PCT/ EPPOSIPH858aE 0n_pressute ¢f 260 basgpa ¢ VPa wher ei n:
Pt,,t = the t%ﬁfcafr%é@ﬁérpfénﬁfeﬁﬁlg gQQ%MPﬁom&% °C and

sat urat ed vapour pressure
reackl? @HUtt%'n%%rf%t P8, o & a0 rmie/e!imnilq@nmde,u alhdepending on the

sat Wahfity YAPRYEaBERS SHEHreludP I wefi el SRR drking pressure
15 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

20 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

25 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 reaction tenperature, Nc is for exanple equal to:
22 for a reaction pressure of 5 bars; 44 for a
w0 e@ei1d@am pressure of 10 bars; 90 for a reactPOIEP2005/052886
pressure of 20 bars; 10 226 for a reaction pressure of
50 bars; and 1135 for a reaction pressure of 250
bars. Typical reaction tenperatures range from 100 to
350 Cand H2 dilution varies fromb5 to 500 nol e/ nol e
anmi de, all depending on the -Vdratility of the
reagents and products as well as on the working
pressure 15 and catal yst type. The reaction is
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is a .CucCr
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according to the present I nventiagn, 5 preferred

a
enmbodi ment of @H@e‘%rcés@ﬁthlgﬁ\ﬁ@ﬂﬁqt'hﬁ'w ?H@ 3&9@)("[3( ihrtl)e process
am nscéord.ﬁglt@ %é‘%‘v@nﬂ‘éﬂ itRe éﬁﬁd@ﬁncﬁ bHE @eéb'éarttg AR, beaae at a

is prefera her than 0.4, nore preferably hi

ghe

1a hanreatyely mgbeQWerﬁter v t@rﬁé@i)’ﬁérﬁp’[w‘ hstansling meatas/t Yhat the
|

am nﬁrr{ del %E.}é“ﬁngtéoam fhe %alr're\rf”:l%e}st. hﬁr\ng\ﬂ ofpﬁﬁtfagﬁr?g?r% high

| ower nost pre ower than
| oweselehtivityuespeacially ta@ivaigl aleohis andtundesivgd dietglanisedin the
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ngr%%rﬁngj{ mpléeCW%%: g Of r%%?’eup etfer%Bry rtnhFe ﬁ\ux'éé Rk, of

the amide. The catalyst is preferably a fixed bed catalyst.

If the desired amine is a terliary amine with R2 and R3
being the same, any secondary amine present in the pﬂribduct which is
separated off from the gaseous stream which has passed over the

20 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 H: is

25 introduced. The mixture with a molar composition of amide/auxiliary
amine/H, 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°C 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

30 using gaschromatography, the composition (area%) is displayed in table



addition of large quantities of tertiary* auxiliary
amnes ((R2)3N) do not 5 effect the selectivity, on

W b@eadazos ary and surprisingly, an inprovenentPOf/EP10b#&052886
selectivity could be observed in cases where R2 and R3
are the same and consist of a hydrocarbon group with
1 to 4 carbon atons. In view of the high selectivity
and activity of the process according to the
i nvention, the anmide and othed2reactants can be |ed at
a 10 rel atlvely high flow rate over the catalyst,
notw t hstandi ng the fact that the amde is quite
di | ut edyi ra t siepbear miethylagias . reactiah,evwmﬁetbyddmmmg\ea can be

hi gh legt. I
undegPEEER T ARERBAS Mol FeRiBhE IR RREio A o tess
anouthianofs.cat al yst, or in other words the contact tine
with the catalyst, is preferably sufficient to convert
nore than 95wt % 15 preferably nore than 98w % and

gror eTle@ﬁep&mLMt aeiriputibR(G8Rnaly¥isDreabble an de The
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f i xeMdbeat detectédr containing 15 g of CuCr catal yst
(Leuna 1970T) a m xture of N,_N-di get hyl decyl am de, DVA
and H2 is 25 introduced. %@Mﬁre with a nolar
conposi tion ofin adrifigted aved Iré@dwr aontaming? SofgléfBCﬂlZ:@ degalyst

reheat ed d trod d t t
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-12 operated at 5 bars. At the outlet, the product containing the amine is

separated from the gas flow (containing the Hz and the auxiliary amine)

15 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%)

Day | N,N-dimethyl N-methyl N-methyl N,N-dimethyl dodecano!
dodecylamine | dodecylamine | didodecylamine | dodecylamide

1 97.6 1.8 0.6 Nd Nd

10 97.6 1.8 0.5 Nd Nd

30 97.5 1.8 0.6 Nd Nd

20 Nd: not detected



1. By a sinple nethylation reaction,

N- et hyl decyl am ne can be converted to
wORdedsaret hyl decyl am ne reduci ng the side prodeCT/BP1005/052886

less than 1 % 5 Table 1. product distribution (GC

analysis, area%q N, N N-nethyl N-nmethyl N, N- Decanol

di met hyl decyl am ne di decyl am ne di net hyl decyl am ne

decylamide 96.3 2.7 0.7 Nd 0.1 Nd: not detected

Exanple 2 In a fixed bed reactldr containing 50 g of

CuCr catalyst (Cu0203 Engel hard) a m xture of

N, N- di net hyl dodecyl ami de, DVMA and 10 H2 with

following nolar ratio 1/3/76 is fed continuously at an

am de rate of 20 g/ h. Priog cat al yst bed, the

m xture passes a pre-heaterg‘xgﬂ—qiggoc. The catal yst bed

i s al so heat edna fizéd Gednéatioe costainiog 5 § ofopatalybie (Cwl203

5b h , . t t aj ni h .
S Epabu s LAY, of \EABASIA SRR Ben: BFHE nn e 1
3 a'rmiro’dbe?dauihde i mb@.;ranwgle)a Jﬁléolhy comtehpat bPramidéRuxiliary
i quiid. out,l et | ai usi.n )

gasc ARG abR B B eieast iand, t@esdycangnuously at the
di sptatgyet bed bbdlrgtedf 2N amitefR! T tdaRfPbriis heRRarate%0°C and
after 1 tp &btestlng. Tabl e 2: product )
di st PPHASOA! ( BbaraPy e oullPledbs miaguay dEiRiggHpe desired
N- mretiiHe & dredl NGt gBLjikx! SRS l am ;
dogg ) ?‘f& ne di dod‘glgyl amaﬁélhgbggg%eam dgorl'ﬂ%gjﬁéxl(.g@aa& '

10. 6 flgPlMedipiable ¥ 1.8 0.5 Nd Nd 30 97.5 1.8 0.6 Nd
Nd 20 Nd: not detected WD 2006/ 136204

PCT/ ERA8 5 pReRBBGstribliffon (GC analysis, area%)
N,N- N-methyl N-methyl N,N- ethanol
dimethyl ethylamine | diethylamine dimethyl

ethylamine acetamide
96.1 2.8 0.8 Nd Nd
Nd: not detected

15 Example 4
In a fixed bed reactor containing 5 g of catalyst (Leuna

1970T) a mixture of acetamide, NHs (as auxiliary amine) and H, is
introduced. The mixture with a molar composition of amide/ammonia/H.
of 1/10/30 is preheated and introduced continuously at the catalyst bed at

20 a rate of 2 g-amide/h. The reactor is heated at 250°C 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 4



Exanple 3 In a fixed bed reactor containing 5 g of
catal yst (Cu0203 Engel hard) a m xture of

wORMedBaret hyl acet am de, DVA and H2 is 5 i ntr oPCI/ER2005/052886

The m xture with a nolar conposition of

am de/auxiliary amne/H2 of 1/3/30 is preheated and

i ntroduced continuously at the catalyst bed at a rate
of 2 g amde/h. The reactor is heated at 250C and
operated at 10 bars. At the odéi et, the product
containing the desired amne is anal ysed vvith GC

on- Ilne The ({)roduct corrp03|t|on (area ? S
di sp distriputign ( @C@n%ﬁﬁi@&a% stri butl on (GC

‘éﬁ*ﬁam’ﬁ S e o S, T
ace am de 6lé@ 2.8 0.8 Nd Nd Nd: hot det ect ¢d 15

Exaimgd 4in ixet—beg-feactor—eeptatnng—514
cat Pi‘_??t (Leuh 9 1970T) %Bm xture of r\@cet am de KldNH3
(as audxhbdt ggtactagn ne) and H2 1s 1 ntroduced. The

m xture with a nolar conposition of am de/ amoni a/ H2
of 1/10/30 is preheated and introduced continuously at
the catal yst bed at 2d2@npaigliveexampledyi de/ h. The

geactor is he%ﬁ%@ém@@&té\%t%ﬁ%ﬁéﬁ eqtls}Qpeéi’@é excelh for

the outlet, the product contain lamne 1's

anal {ec®Mf tasidiion. | Thee S@@Ct'TIThIe tqwafdad‘tl l\bdlmﬁibyldwydamme is
ber ERbS6E, B TRae e - Tatphar Sptndl of Jihepee ipmpe and

(GC deeanpdi s, area% ethyl ami ne diethylann
triethylam ne acetam de ethanol e 95.5 3.5 0.5 Nd Nd

10 Table 5: product distribution (Gc analysis, area%)
N,N-dimethyl | N-methyl N-methyl N,N-dimethyl | decanol
decylamine decylamine | didecylamine | decylamide
92.5 04 4.7 Nd 2.0

Nd: not detected

Comparative ex'amgle B
In the same reactor set-up as example 2, containing 50 g of

CuCr catalyst (Gu0203 of Engelhard) a N,N-

15 dimethyldodecylamide/DMA/H, mixture with following composition 1/3/8

20

(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 H; 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%)
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-16 CLAIMS 1. A process for preparing an amne with

followng formula: ,R2Z RI-C-N 11 H2 R3 5 conpri sing
wo b@snaadoct i on of an am de of follow ng fornul BCT/ERD0IES2886

R4 --C-NN R3 with H2 in the presence of an

auxiliary amne of the followng fornula: /R2 HNC R3

10 wherein said H2, said auxiliary am ne and said

amde are all led at |east substantially conpletely

in a gaseous form in a gasedd@ "stream over a

hydrogenati on catal yst, at a reaction pressure higher

than 2 but |ower than 50 bars, and wherein: Rl is H

or a saturated or unsat urat A& ocar bon group

containing 15 fro 3 Fb?% 0

are mdependeﬁltly % rBE’e% d&ag) gﬁbg%up congg[hr?%rlllowmg

from 1farmu@:car bon at ons, and preferably 1 to 4 car bon

atons, and R4 is e | to RL but may show a different
degree of _unsat ur n. 2. A process according to
claim 1, ﬁé" id 20 reduction reaction is

performed undeé a action pressure higher than or

cﬁq“a' to &rﬁﬁﬁsﬁn% e@?@%ﬁ%ars ag%cﬁ‘?c%(n}i o%%g.f“re

i gher than or nore pr era
under a req:lctl oﬁEpressure hi gher than or

R4 —C—N
R3

with Hz in the presence of an auxiliary amine of the following
formula:

/R2

HN
" ™R3

10 wherein said Hy, said auxiliary amine and said amide are all led at
least substantially completely in a gaseous form, in a gaseous stream,
over a hydrogenation catalyst, at a reaction pressure higher than 2 but
lower than 50 bars, and wherein:

R1 is H or a saturated or unsaturated hydrocarbon group containing

15 from 1 to 23 carbon atoms;

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
R4 is equal to R1 but may show a different degree of unsaturation.

2. A process according to claim 1, wherein said

20 reduction reaction is performed under a reaction pressure higher than or
equal to 3 bars, preferably under a reaction pressure higher than or equal
to 4 bars and more preferably under a reaction pressure higher than or
equal to 5 bars.

3. A process according to claim 1 or 2, characterised in

25 that said reduction reaction is performed under a reaction pressure lower



equal to 5 bars. 3. A process according to claim1l or

2, characterised in 25 that said reduction reaction
w0 2000884204 ned under a reaction pressure | ower REI/EP2005/052886

2006/ 136204 PCT/ EP2005/ 052886 -17 than 45 bars,

preferably under a reaction pressure |ower than 30

bars and nore preferably under a reaction pressure

| oner than 20 bars. 4. A process according to any one

of the claims 1 to 3, charactlérised in that said

gaseous streamis conposed to contain, per 5 nole of

said amde, at least N, noles of carrier gasses which

corrpfh%‘e4%tbar$ esterably dingak ial iegelor preasUkm tbveRl| ihapiB0 bars

W t hahly Tfore }15 dé}\/lg\éﬁf"u c#é%ﬁ%h@hor% sirelid\fer AR 0HArs.

pressur e; saturate vapour pressure of
the anmi de at the Jprosass aocordmgriereamymrm ofgheA&laims 1 to 3,

proc o) 0 .Cl aj t .
her STareE RACETI PSS e RBS bl 46 R ga fbrigin. per
50 05 ntote dsaid bedde rmneawl\le nofles af chraen gissep madicT edrhprise at
[ her than )| e per nole of said

am dgeasggﬁigﬁﬂi"ggrﬂraé?'g??ﬂpfaquﬂg Vﬂﬁ?ount hi gher than 0.6
15 nol es ppr_rvqu e of said am de, the added amount of

auxi | i &y a being preferably smaller than 30

nol es per nolé of said am de, preferably smaller than

15 nol es \nﬁéreimlmot ofthé paddtignmprtssand aRBr © preferabl y
smal | er than nol es per nole of said am de.

process accor dV rﬁg-thea?%tur@FﬁS’ Mapqmeorgp%prﬁsoflthpoarglde aigthe

igvherein R2 @E&dﬁteﬁ{p%rét[]f% same and consist of a
hydrocarbon group wth to 4 carbon atons and

wherein said rfeducth @Wcieés aeearriag te@nyianet ofdhe slaimericie 4,
?fRz? hiBreih Be athtliar Anfin8 T8 sk i ahhhOW"Et 6.85 !4 moles
per mole of said amide, preferably in an amount higher than 0.4 moles
per mole of said amide, and more preferably in a amount higher than 0.6
15 moles per mole of said amide, the added amount of auxiliary amine being
preferably smaller than 30 moles per mole of said amide, preferably
smaller than 15 moles per mole of said amide and more preferably
smaller than 5 moles per mole of said amide.
6. A process according to any one of the claims 1 to 5,
20 wherein R2 and R3 are the same and consist of a hydrocarbon group
with 1 {o 4 carbon atoms and wherein said reduction is carried out in the
presence of a further auxiliary amine with following formula:
(R2)sN.
7. A process according to any one of the claims 1 to 6,
25 wherein after having led the amide and the auxiliary amine in said
gaseous stream over the catalyst, a product containing the amine which
is to be prepared is separated off from the gaseous stream.
8. A process according to claim 7, characterised in that
after having separated the amine which is to be prepared off from the



7. A process according to any one of the clains 1 to

6, 25 wherein after having | ed the am de and the
wW@eool13@ny am ne in said gaseous stream over tPEI/EP2005/052886

catal yst, a product containing the amne which is to

be prepared is separated off fromthe gaseous stream

8. A process according to claim?7, characterised in

that after having separated the amne which is to be

prepared off fromthe WO 2006/1836204 PCT/ EP2005/ 052886

-18 gaseous stream at |east a portion of the hydrogen

and of the auxiliary amne which are still present is

t he gaseausssimareaal @ast aqoyiidreds the hytrogeratad yftthe @uxiiary

proc di Ng.+hi0 ' r [n.th

o e SpiCaRlsibrEsal b I8 el oo IR A Teritieg taythe
R2 acdtaB3t.bei ng the same and wherein said product is
subjected to al kyl ati on reac.ior{ t,0._convert ahn .
secondary anirié pr €S SPCF ARG daimy 7t 8F & Jyherein the
gam nemiddwhishpis a6 esprepadi Ridritarf 2ynind vidf R RAd R3 being
cl ai 1to 9, werein saidgj&am' d%,i s |l ed over the .
cat a;tT]EFS?aW PRIYVIRIFIN; S3I% RIOGh ISRUPIRGIeR: T 30 fleylatigRviergtion
nor etd bdrveRuMy %6e@bnidyg a9@hé praBcieihepsif b aRldte RN amine.
than 98w % of the said am de, and nore preferably nore

than 99 wt % of1Ghe A BEACESRAPERITINg. to ANYyrQReeefsthaciaimgi ity 9,
to apnerdie said 3RIeGE dbdBvdr the cHialystWAET 81U contact time
catalyst is a fixed bed catal yst.

10 to convert more than 95wi% of the said amide, preferably more than
98wi% of the said amide, and more preferably more than 99 wi% of the
said amide

11. A process according to any one of the claims 1 to 10,

wherein said catal‘yst is a fixed bed catalyst.



