WO 2006/136204 PCT/EP20115/1152886 -1 "Process for obtaining

amines by reduction of amides" Background of the invention The present
WOorRnentidero¢lates to an improved process for obtaining amineRGHIBP2G85/052886

following formula ,f2 R1-C-N, 5 H2 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.... 10 Prior art

There are several well described processes for obtaining such amines.

Aldehydes, 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 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 organlc amlne salt ngh value
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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....

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



25 reacting the fatty acid with dimethylamine. By reducing this amide the
WO 2006/136204 PCT/EP20115/1152886 -2 desired amine is obtained.
WOrpiso/difR0-bffers an economically interesting alternative for tiRE TAER2005/052886
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 5 US-A-3 190 922, US-A-3
444 204). Until now, however, processe® 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
R1-CHesgeulipriniseeidatitaind? dhianrdR@ guiie.afd2orbrRdaGHdtdPdsting
R1- N 10 C [ ine. The dialkylamine
side %rﬁgéﬁilﬁﬁ(%aiﬂﬁgﬁgﬁg r? 5@5%@%&@%@“&%&@&8 ﬁj eto

to littl erapfGe ieB)repineR)- tBaisstatdascriinghtin catabtipdiatsodeoatidneof

fatty agrpeMLE HaVe B R siAEa e %Ilf? s Pee bR ample
catalytg rée/gré)genatlon of fatt% amides has been pertormed either in a

Biquid OPiha Ja8etiss phisé-vikhaldiking Ml sIfRY; whRWE¥SHe Brocesses
hydrogestribiag2thee asigstits ustialtyidesriacbonblnesr agedalivieydeavto low

reactign.pressure, i.e. .under reactign pressures lower than 55 bars. A
numbée)é?“({)?{li %a%g]n mgugfé%tigﬁ% chtlccﬁloﬁgggﬁgé Y ﬁaﬁ%aflhagaeagluﬂgohol and
procedigtty lerotese(eentalkingimédniexrMhe inargriyniBsie3d16092R82 or an
US-A@%QL%_S and US- A-5 075 505, teach to add DMA (dimethylamine)
in order to reduce the

/CHQ_R1
R1—CHz2 —OH R1— CHz —N
10 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,
15 cannot be separated from the fatty amine and thus reduce the product
a quality. s
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



25 formation of fatty alcohol. However, it appears for example from
comparative example 1 of US-A-5 840 985, from example 2 of USA-5 075
WGB6hE M example 5 of US-A-3 190 922 that although theP GHERRIASES2886
DMA contributes to solving the problem of the alcohol formation it does
not help to solve the problem of the dialkylamine side WO 2006/136204
PCT/EP20115/1152886 -3 products 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. 5 US-A-5 840 985 discloses to solve the
problemodfthe wdielkyd sarfimensid eQriatiaatdotrantj avhley: 2deibari i example 5
sodiu | ti addition apd.removal of this salt js
of cougﬁgg%jﬁé%?(fg@né?f?ew{l}ﬁr%% ae%] ﬁ%n?l?ég%r §1Pé Erc?é’SES.aﬁ%‘?%st r,a%hghe
scale affliiothesle R\fryinemassseshe dorswihtiinizedeardiatitylathing side
due tethg dificult 10 catalyst recycle. Especially continuous operation
becomes a difficult issue. Moreover, there is a real risk of catalyst (like

&CuCr, Ni,...) ending Sipm §49 SRR HiBCaReRniRviSalvEd thed problesgest the
whereiraukwaamﬁéesiw@tpleaatp%muzﬁdﬁﬁ&fp fé@cﬂfﬁﬁﬁ@fﬂ%ﬁbwl biige to
talyst I t 15 campete, with the alcohal or, nitrile .
ool Eo SR, She PSP B AT ShTR ot R LRgroe reflected in
Khimiitob s al @eo ppies 411 887 pdiseisseMqreovess v esediethp of these
hydr ti Ta]e W] I ri ) (o)
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and nesyehstarstve thedastithatriinihakespzpasthiRNidoas onfYeleding

over t@giﬁ%aely&to%tu %tflow rate of 0.16
The known fixed bed processes wherein the amide is at
least partially led in the gaseous phase over the catalyst can also not

15 compete with the' fatty alcohol or nitrile processes. Pashkova,L.P.;
Yakashkin,M.l. Zhurnal Prikladnoi Khimii,Vol.53, No.8, pp 1834-1837
disclose a process whgygein 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-



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
WQMeehiadPbther side products. 25 In order to increase the coR¢AYERAPOH{152886

hydrogenation reaction can be performed under higher reaction

pressures as disclosed for example in US-A-3444204. This US patent

discloses a pressure range of between 50 and 300 atmospheres but all of

the examples are performed at a pressuyfe of 250 or 260 atmospheres At

such high 30 pressures activity is reasonably good, but from the examples

of US-A WO 2006/136204 PCT/EP20115/1152886 -4 3 444 204 it

appe& 441204 dtsalmmtimity ihiayitid iscitittivivy dueytolthes fahmriiprios the the

degj ialk ' f | le.1 of US-A-3444 204
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the hydrogenation process disclosed in US-A- 3 444 204 is that the use of
&he higHtBAEHi6RFRrISSLPEERRISicRIERIR EoRbtiddrAid Gdvatibnfurther
costsirpdhieuptr aresbdisiclosadniy8rdgehdish 2 taedigi sRREEP M USl-A-
pressyr %ﬁars oweyer to be essential to 10 achieve the best possible
yield,%f?ﬁ%ug this y%g@\%% gtslfftSfoe %v.h o] '&‘PoRF?é%%%%ﬁW@@ﬁ?o gh
the facenititdieprandsopdistiosedosit) In\ RelptRdssediscEsaigin  US-A-
reactign pierpHiRg QAR IUCNL ARG SXAIRIRHAD BIMSential to
When a film of liquid ids%?ormed eril)?o the suﬁé%% of the cat_laﬁ}?st a ﬁllggh
10pressArBiRYpdfGiRAPIPRRFIRIOY g dpadlimeainitis vielgen sihiamiention on
the surface of the patitshd\® BRPOBRISIRN IBVaMOIS fraMaGt that e ess
US-A- O|75 !(5905 \r}%/grx%eﬂ 4ﬁiig‘&?es indee%,bﬁdlg mtto the amide. ?uchta .
diffussiscleged in requires high réaction 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
15 sufficient hydrogen concentration on the surface of the catalyst. As
appears for example from c. 4, |. 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
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



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
WQB&isrAlid form notwithstanding the fact that a lot of hydr@§anEB20&¥e52886

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 gurface 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 USamvideddhizfdrihbleseochchirasutes higmasthah Hiyaengrpitieres purity.
essentjal to achieve a good conversion. An pbiect of the present invention
is to glr%%%glgepcrzgéreessﬁ&od %%P&ngfgﬁ%\éwgﬁ]ﬁ%%@fﬁathe gaseous phase by
catalytic reduction of an WO 2(R#%/136204 PCT/EP20115/1152886 -5
amide which enabRtoCachieye the amines with higher yield and purity.
The amine corresponddte the Rlowing formula: ,H2 R1-C-N H2 R3
wherein R1 is H or g saturated or upsaturated hydroc ra n group, 5
containing f gl 13'§a BH%ﬁﬁ'Prgac\ gaWhﬂpgﬁﬁﬁi?% %’ % bon group
sinde perdainitygHromat hpd28 cznitam gitou s @natavhergirom 1 to 8 carbon
atom e e, i Ined
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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:
Q@ J®
1

R4 —C—N|
R3

b

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:

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



io wherein R4 is equal to R1 but may show a different degree of
unsaturation, with hydrogen by means of a hydrogenation catalyst.
WEYRMMae30df the invention To achieve=,.the object of the inveRGGERHWS/052886
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 and in that the hydrogen, the auxiliary amine and the amide
are all led at least substantially completgly 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
entirelydmogtlestkin schisigotsal ikeptiredyiasthef gadwoos Phase &0 bars, it is
reasop QW pre (2-50 ban,an i uxiliary amine, high .
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economically feasible to use the amount of hydrogen (optionally in

comb e Wit 4h 2l dRap e e CAEPIVh RIMRSERRlireptiPRioriee an
all of fecamide iythedesdntieawodldhe puess W sLERIAmibe. Shammiesent

50f US-A-3 444 204 it i h t al t not f ible t

oL AV BTy BALR HRIE JioIRa U RANa. SRR e, A AlcvaPour

invenpres $1aeecd airp ednticsplaimigiénaie 200 ratcire mitesaabduia@Umbar. At
: ‘ : 0 .

Do reeg e e oo G e DA s e

10 required for complete amide vaporisation. In the examples given in US-A-

(4]

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
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 accordin‘gm_to the invention,
is indeed that they enable to use the amount of hydrdéen (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



10 required for complete amide vaporisation. In the examples given in

US-A- 3 444 204 much less hydrogen is however used, more particularly
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vapour form. Surprisingly, in the process according to the invention the

15 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 tie_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
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found quite 25 surprising nable to obtain a high activity and a very

Shigh selectivity tolihAiB @i HREiRSHaRHMBMIPhING REREPSRIRTseFdigNo the

catalygiention, asiinseefiihaaexighianinedlisleptRNBAtERHER E8nposed
alcohol content in theggé)dﬁct, but surprisingléﬁlso the f rmati?n of the
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case of gasptfjasg 0O 2006/136204 PCT/EP20115/1152886 -7 operation
the high]ﬁpiﬂﬁﬁ—dﬂ% i lamines could form a liquid film around the catalyst,
blocking the act® sites and reducing its activity and life time. This is thus

1oprevented inher iR I85S-AGeAEHBER phesiiventiag by the addition of the
Sy A o S oS B oS TS L e
the a
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
15 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. N

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.



invention, the gaseous stream which is led over the catalyst is composed
to contain, per mole of said amide, in total at least N. moles of carrier
WQ B ®Which comprise at least said auxiliary amine and saidPd2/ERR#PS/052886

Nc=P~ -VP VP. 10 wherein: P10t = 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, wih such an amount of carrier 15
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 temperatupe. Rgpeidingtonhdecataryisto doaislenandsatisilidrym rapid
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10 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 Hz excess or

additional inert carrier gas (and thus recycle stream) necessary to

vaporise the high boiling amides.

15
Detailed description of the invention
. The present invention relates to a process forlthe production
| "of primary, secondary or tertiary amines of following formulé:
R2
R1—G—N
H, RS
20 wherein R1 is H or a saturated or unséturated 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@ e
R4 —C —N

R3



prolonged life compared to liquid and trickling phase reactions. 5 The
process can be easily operated as a fixed bed process. This offers
WOontheridnttddvantages over slurry processes, such as a straidiétfoeRH§/052886
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 10 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
streamhoepeshiydnidaporise tbgdiigr baitingramisiisr apaiailetfollowing
descq'g}ioa g_f the invention The present invention relates to a process for
the prodﬂcélo‘n of primary, secondary or tertiary amines of following
formula: /t2 Ri-CR2H2 R% 3 20 wherein R1 is H or a saturated or
unsaturatedﬂu@ocarbon group containing from 1 to 23 carbon atoms
and wherein R2 a8 R3 are independently H or a hydrocarbon group
containing from 1 to g carbon atoms. The process comprises the

reducflo@WIRFRALST SHEAM W IFRPRAIBINM B Hala ke & 2hyghiogengtion

5R3  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
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



WO 2006/136204 PCT/EP20115/1152886 -9 wherein this amide is led
together with an auxiliary amine of following formula: R2 HNC R3 in a
WQaeii628tkeam which contains the H2, over a hydrogenatiorPGrdaR2()51052886
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 aming¢gAn 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. T hisHs advieved by using a sufficient amount of hydrogen,
optionally iﬁcomtp!nation with one or more additional, carrier gasses. The
reaction is carried out at a relatively low pressures in 15 the range of

between 2 aNeesdbdre: MR P AR PREIraigNst activity, the

reaction presswie, isprigterabtvraigerapeaursssubares MMy eprRierabne

[ igh | to 5 bars.
higher or equal to 4 ba}%%riléip?ost g;eferably higher or equa

SRy G4

Since the required amo Whcreases considerably with
Highefr pressaraisie e ving: tosauestedr e ap que feedslyra losteiLth2ptdmbar at

bars, SR AIFIFRAOMERAIRY 00Uz ARl psferably ower than

20 bars. The amount of carrier gasses is selected in such a manner that
all of the@fSRERFRSGiarPIeasYQ@isBbaily entirely vaporised. This is

achieved4vBeR kst MprsDRs Biale phamide, of a total at least Nc
90 for a reaction pressure of 20 bars;
10 226 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
Hz 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

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,



25 moles of carrier gasses which comprises the hydrogen, the less
important amount of auxiliary amine and any further substances (carrier
WQ a0 2hich are gaseous under the reaction conditions, wk& TAED2005/052886
2006/136204 PCT/EP20115/1152886 -10- N =P., - VP. VPa wherein:
Ptot = the total reaction pressure; and VPa = the saturated vapour
pressure of the amide at the reaction temperature. 5 For an amide having
a saturated vapour pressure of about 23Q mbar at the reaction
temperature, N. 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 baitss hiyReb ity sideastoriupréssnetiat vthiuisghad rdik35 40 aot desired
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typical hydrogenation catalysts. These are usually metal based like Cu,

&Cr, NEftsst g, palagiivily n%ztmﬁmwé?ébfa%ﬁawwwswdmpm&m%*eof
Dreseﬂh@es@fdﬂﬂﬂliﬁwﬂﬁk‘béb%@awﬁd Focides WM RZadd RBwWet the same

preferre catalgtz Crt e of 020 caﬁgf}a]i dd|t N of the
auxiligRP amiive o 88& %ntl% Sl %’[I |n partlcular
alcohol but surprisinghealsof diat¢kyi@tmiselectivity and actnvnty of the process
according to the invention, the amide and other reactants can be led at a
10 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 95wi%,
15 preferably more than 98wt%, and more preferably more than 99 wi% 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



when the reaction is performed at least substantially entirely in the

gaseous phase as in the process according to the present invention. In a
WQ0peafsaEd embodiment of the present invention the auxiliaB CAHPRI(S/052886

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 lowerythe auxiliary amine/amide ratio,

WO 2006/136204 PCT/EP20115/1152886 -11-the higher the side product

formation while higher ratios are not desired for reasons of capacity loss

and largesaménesiggyielemtipgmioP Urkcttiobse Nemofhgisatyaption, then be
auxiliary amine ca recycled, Also addition aof large quantities o
e SPhIES R RE TR S R SRR SRTIISE B to tess

contrémgram@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
Sand aballe lsiesypheisigbuien ditganalEismdEdden, the amide and

othefNERCTants camog at a;lcw,f@@‘ryyely high\TRw rate ovEp&@inol
catalyst, notwithstanding the fact that the amid%is_rguite dilutdd in the

carritBENYh vielPSF¥BEINMJ diPRMIABIRR tiviky! ially fo avoid
alcohaéeyidmingesired dialkylamines in the profldetgizaeside the amount|of

catalyst-prtrotherwords-the-gaptaet time—withthe-catalyst{spreferably
suffi ylg(}%i?’;o conver 'r?mre than 9 v?;[%, 1s prefe 'f;’l%‘?y more them8wt%,
and nialenpiefetatiigdnore than 99 wt% of the amide. The catalyst is
preferably a fixed bed catalyst. If th%gg ' (Féjzamine is a tertiary amine with
R2 and R3 being the same, any se“%b_con ry amine present in the product

which is separatelloff fi¥A¢tRESIEEEIRT SERIEANMGICPON &8s Pasadar otaialyst
the (Cu0203 Engelhard) a mixture of N,N-dimethyldodecyl amide, DMA and

10 Hz with following molar ratio 1/3/76 is fed continuously at an amide rate of

20 g/h. Prior o the catalyst bed, the mixiure passes a pre-heater at
250°C. 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 H, 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



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
WQ 208608620€r catalyst (Leuna 1970T) a mixture of PCT/EP2005/052886

N,N-dimethyldecylamide, DMA and H2 is 25 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 250C and opergged 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 WO 2006/136204

PCT/EP20115/1152886 -12 1. By g ethylation reaction,

N-methyldecylamine can be conve 'N-dimethyldecylamine

reducing the side plodubtedotieds edeinr senkainatgesl gpafdeaiatistriGua03

(GC anmiutierayea’oriNard mGWWM"m@ﬁFME%%nﬁﬁéarﬁMﬂ'%BV' He is

decylamln didecylamine dlmethihdecylamlne decylamide 96.3 2

3Nd 0.1"QEURRR- o d {3 SO RN IHE 2 3n RAIRE COBWPRSHIQBY eBrﬁaamﬁ@wlgary
of Cu@mnireédysbf(GLB303iENgelaidida armtummmwobmﬁthmﬂmge% the

amid 0 ith followin r ratio 1/3/

Contll?l:l?(%)gé gggmgt aﬁwlge&;awc% %‘ no? {55 OEéﬁjﬁﬁ{%%@t #r0°C and
mlxtuﬁ@@@é@s‘és’ﬂé ﬂ)ﬁbbﬁateﬁhlthzwﬂléthmeamqmldiiecbmalhsm@eaeedemred
250CrAdNe ERRARBI with GG on-line. The product composition (area%) is

10 displayed in table 3

Table 3: product distribution (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



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)

WQ g0Bg/BoAlensation. The liquid outlet is analysed daily using PCT/EP2005/052886
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 dodecanol dodecylamine fipdecylamine didodecylamine
dodecylamide 1 97.6 1.8 0.6 Nd Nd 10 97.6 1.8 0.5 Nd Nd 3097.51.8
0.6 Nd Nd 20 Nd: not detected WO 2006/136204 PCT/EP20115/1152886
-13 EXabipld: $ﬂn®<ﬁb<é:&tbbdtm(:@ﬁ amazﬂasumgr‘é@"/@f catalyst (Cu0203

H U], I I

duced. Tlhe nixture’with a %ﬂﬁ‘@éﬁn@%mc %aml elau ‘%g%? ol

amine/H2 of 1/3/3(®is preheatef and introduced contlnuously at the

catalygE Bed at a 1agas0f 2°g amigeEAT. The Teactonig eated at|3ggC and
operated at 1Q bars_At the outlet, the product containing the desired
amind¥g: é‘ﬁ’é%@&tﬁﬂh GC on-line. The product composition (area%) is

10 displayed in table 3 Table 3: product distribution (GC analysis, area%)

N,N- N-methyl N-methyl N,N-@@h@mbﬂjg@i@yﬁg@x&mmine diethylamine

50I imethyl ethylamlpet 8%[éarrr1nédr%a% or se u%,8e’>\<|amp?e1 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.
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
(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
20 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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amide/ammonia/H2 of 1/10/30 is preheated and introduced contlnuously

at the catalyst bed at 20 a rate of 2 g amide/h. The reactor is heated at

250C and operated at 10 bars. At the outlet, the product containing
ethylamine is analysed with on- line GC{ghe product composition (area%)

is displayed in table 4 WO 2006/136204 PCT/EP20115/1152886 -14

Table 4: product distribution (GC analysis, area%) ethylamine diethylamin

triethydam|méMdimeiinide jeilvaeioll e 95 5N81:0y6 Nd N{INNedimethgdete dteldcanol
Conmparat)\edxpamie Al Tdodyasaad maayisaing) @mm.aens
repgatgd-gxceptior the DMAggditiun Fhe 25[Fbt.rvil. tow 04
N, N WIQ reduced t@ 92 5 04 _mai texpense of

N-miethyldidecylamine and dec

Lglnol. 1

0 Tabf8%: product dféfibution (G&* r

analysis, area%) N,N-dimethyl N-methyl N-methyl N,N-dimethyl decanol

decylamine decylamine didecylamine decylamide 92.5 0.4 4.7 Nd 2.0 Nd:
not detected Comparative example B In the same reactor set-up as
example 2, containing 50 g of
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carried out at 10 bars and 250C and the product outlet was analysed
daily. In this experiment the H2 dilution is far too little to vaporise 20 95%
of the reagents, resulting in very poor aggivity and selectivity. After one
week already a catalyst decay is observed. Table 6: product distribution
(Gc analysis, area%) WO 2006/136204 PCT/EP20115/1152886 -15 Day
N,N-dimethyl N-methyl N-methyl N,NGHAlM&yl dodecanol dodecylamine

dodecylamine didodecylamine dode(% lamide 1 30.2 5.5 22.1 4.h8f0l4 7
24.1 4.7 26.4 44.4 0.4 -16* CIKMIS %f KSRGS ) STEIG M, fliwiag

with follotemmgufarmula: ,22 R1-C-N H2 R3 5 comprising the reduction of
an amide of following formula: P R2 R4 --N R3 with H2 in the presence
of an auxiliar 1ainine_ol\lj following formula:

H, R3
5 comprising the reduction of an amide of following formula:

R e

R4 —C—N
R3

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

/R2

HN
“R3

10 wherein said H,, said auxiliary amine and said amide are all led
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
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.

3. A process according to claim 1, characterised in that
said reduction reaction is performed under a reaction pressure lower than
45 bars.
25 4. A process according to claim 1 , characterised in

that said gaseous stream is composed to contain, per mole of said
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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 R4 is equal to R1 but may show a different degree of
unsaturation. 2. A process according to claim 1, wherein said 20
reductamideactideais herfootesdiioaeicn gasstowinichssomephisghatr desh said

equal to 3.hars. 3. A pracess c_corﬂing to claim 1, characterised in that
o a X|I{ar amine and sai wit :
said reduction feaction is perfofmed under a reaction pressure lower than

45 bars. 25 4.B) préBess according to claim 1, characterised in that said
gaseous Stréamygpcomposed to contain, per mole of said -17- amide, at
least N. moles of carrier gasses which comprise at least said auxiliary
amine and saitigriin vidth NtRg.reavtorPesatiereind P101 = the reaction

pressure; and 5 VRgs~ the aatuiaierl Y ARBALPHRsEIR b MRS TG 5 MRe

reaction temperature.
reaction temperature.

5. A process according to any claim 1 , wherein the
auxiliary amine is added in an amount of 0.05 to 40 moles per mole of
said amide.

10 6. A process according to claim 1, wherein R2 and R3
are the same and consist of a hydrocarbon group with 1 to 4 carbon
atoms and wherein said reduction is carried out in the presence of said
auxiliary amine and in the presence of a further auxiliary amine with
following formula:

15 (R2)3N.

7. A process according to claim 1 , 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.

20 8. A process according to claim 7, wherein after having
separated the amine which is to be prepared off from the gaseous
stream, at least a portion of the hydrogen and of the auxiliary amine
which are still present is the gaseous stream are recycled to the catalyst.

9. A process according to claim 7 , wherein the amine

25 which is to be prepared is a tertiary amine with R2 and R3 being the
same and wherein said product is subjected to an alkylation reaction to

convert any secondary amine present therein into said tertiary amine.
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consist of a hydrocarbon group with 1 to 4 carbon atoms and wherein
said reduction is carried out in the presence of said auxiliary amine and in
the presence of a further auxiliary aminggwith following formula: 15
(R2)3N. 7. A process according to claim 1 , wherein after having led the
amide and the auxiliary amine in said gaseous stream over the catalyst, a
product containing tBe anipeostsshatxoodire) poepkaied] isveegranatidedmide
from the |%8%ev%‘rjﬁnse”%ﬁxs¥9w ) 2 BIRCES %gr%%rglﬂ%ttaotglaérrﬂ/%r‘tvr\%iéetﬁ]an
after having ~séparated the amine WhICh'is T0 bé prepared off from the
gaseo@Swa¥aztrtheasdahastmadportion of the hydrogen and of the auxiliary
amine which are s%i I preientré% Et:rgg acgg%tﬁ sttroean&la{rrﬁ rg?cycvlv%d toI r%hg id
catalyst. 9. A process accoralng toclaim 7, Whereir the aminé 25 Which
iS to begiadyshied fixaddeoataipshe with R2 and R3 being the same and
wherein said product is subjected to an alkylation reaction to convert any
secondary amine present therein into said tertiary amine. -18- 10. A
process according to claim 1 , wherein said amide is led over the catalyst
with a sufficient contact time to convert more than 95wt% of the said
amide. 11. A process according to claim 1 , wherein said 5 catalystis a
fixed bed catalyst.
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