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In the catalysts, the following metals or metal combinations are preferred: Ni, Co, Mn,

Fe, Ru, Ag and/or Cu (cf. page 4, lines 10-14).

sts

EP 382 049 A1 (BASF AG) discloses catalysts which comprise oxygen-containing

25  zirconium, copper, cobalt and nickel compounds, and processes for the hydrogenating
amination of alcohols. The preferred zirconium oxide content of these catalysts is from
70 to 80% by weight (loc. cit.: page 2, last paragraph; page 3, 3rd paragraph;
examples). Although these catalysts feature good activity and selectivity, they exhibit
lifetimes in need of improvement.

30
EP 963 975 A1 and EP 1 106 600 A2 (both BASF AG) describe processes for
preparing amines from, respectively, alcohols and aldehydes or ketones, and nitrogen
compounds using a catalyst whose catalytically active composition comprises 22-40%
by weight (or 22-45% by weight) of oxygen compounds of zirconium, 1-30% by weight

35 of oxygen compounds of copper and in each case 15-50% by weight (or 5-50% by
weight) of oxygen compounds of nickel and cobalt.

WO 03/076386 A and EP 1 431 271 A1 (both BASF AG) also teach catalysts of the
abovementioned type for aminations.

40
WO 03/051508 A1 (Huntsman Petrochemical Corp.) relates to processes for aminating
alcohols using specific Cu/Ni/Zr/Sn catalysts which, in a further embodiment, comprise
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thus lead to problens with regard to specification and product
25 When the very active catalysts of the prior art are used, including in particular the

catalysts according to EP 963 975 A1 and EP 1 106 600 A2 (see above), there may be
an increased tendency to decarbonylation of the carbonyl function (which may have
formed as an intermediate) at elevated temperature in the reactants (alcohols,
aldehydes, ketones). The formation of methane by hydrogenation of carbon monoxide
30 (CO) leads, owing to the large amount of heat of hydrogenation released, to a
"runaway risk", i.e. an uncontrolled temperature rise in the reactor. When CO is
scavenged by amines, methyl-containing secondary components are formed.

In the amination of diethylene glycol (DEG), there is, for example, an increased

35 tendency to form undesired methoxyethanol or methoxyethylamine. Methoxyethanol is
toxic, can be removed from morpholine only with difficulty owing to its physical
properties and can thus lead to problems with regard to specification and product
quality.

40 Inthe case of the example of the amination of diethylene glycol (DEG), the
"decarbonylation” is viewed in particular as the sum of undesired components
(methanol, methoxyethanol, methoxyethylamine, N-methylmorpholine and methoxy-
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The reaction mechanism of the amination of primary or secondary alcohols is assumed
to be that the alcohol is initially dehydrogenated to the corresponding aldehyde at a
metal site. In this reaction, the copper or else nickel is suspected to be of particular
significance as a dehydrogenation component. When aldehydes are used for the

10  amination, this step is not needed.
The aldehyde formed or used can be aminated by reaction with ammonia or primary or
secondary amine with elimination of water and subsequent hydrogenation. This
condensation of the aldehyde with the abovementioned nitrogen compound is
suspected to be catalyzed by acidic sites of the catalyst. In an undesired side reaction,

15 the aldehyde can also be decarbonylated, i.e. in that the aldehyde function is
eliminated as CO. The decarbonylation or methanization is suspected to take place at
a metallic site. The CO is hydrogenated to methane over the hydrogenation catalyst, so
that the methane formation indicates the extent of decarbonylation. The
decarbonylation forms the abovementioned undesired by-products, for example

20 methoxyethanol and/or methoxyethylamine in the abovementioned case.

The desired condensation of the aldehyde with ammonia or primary or secondary

amine and the undesired decarbonylation of the aldehyde are parallel reactions, of

which the desired condensation is suspected to be acid-catalyzed, while the undesired
25 decarbonylation is catalyzed by metallic sites.
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30 We have also found catalysts whose catalytically active composition, before its
reduction with hydrogen, comprises oxygen compounds of zirconium, of copper, of
nickel, in the range from 1.0 to 5.0% by weight, preferably from 1.5 to 4.5% by weight,
particularly from 2.0 to 4.0% by weight, of oxygen compounds of cobalt, calculated as
Co0, and in the range from 0.2 to 5.0% by weight, preferably from 0.3 to 4.0% by

35  weight, particularly from 0.5 to 3.0% by weight, of oxygen compounds of vanadium, of
niobium, of sulfur, of phosphorus, of gallium, of boron, of tungsten, of lead and/or of
antimony, calculated in each case as V20s, Nb2Os, H2SO4, H3PO4, Ga203, B203, WOs,
PbO and Sb.0; respectively.

40 More particularly, we have found catalysts whose catalytically active composition,
before their reduction with hydrogen, comprises in the range from
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25  sulfur, phosphorus, gallium, boron, tungsten, lead and/or antimony, essentially at least
remains constant, but the extent of the undesired decarbonylation reaction
simultaneously decreases and hence the selectivity of the amination reaction
increases.

30 The process can be performed continuously or batchwise. Preference is given to a
continuous method.

For the synthesis in the gas phase, the reactants are fed to the reactor in a controlled
manner, preferably in a cycle gas stream, evaporated and in gaseous form. Suitable

35 amines for a gas phase synthesis are amines which, owing to their boiling points and
the boiling points of their reactants, can be kept in the gas phase within the process
parameters by process technology means. The cycle gas serves firstly to evaporate the
reactants and secondly as a reactant for the amination.
In the cycle gas method, the starting materials (alcohol, aldehyde and/or ketone,

40 hydrogen and the nitrogen compound) are evaporated in a cycle gas stream and fed to
the reactor in gaseous form.
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25 For the synthesis in the liquid phase, suitable reactants and products are all of those
which have high boiling points or are thermally labile. In these cases, a further
advantage is that it is possible to dispense with evaporation and recondensation of the
amine in the process.

30 Inthe process according to the invention, the catalysts are preferably used in the form
of catalysts which consist only of catalytically active composition and, if appropriate, a
shaping assistant (for example graphite or stearic acid) if the catalyst is used as a
shaped body, i.e. do not comprise any further catalytically active ingredients.

In this connection, the oxidic support material zirconium dioxide (ZrO.) is considered to

35 beincluded in the catalytically active composition.

The catalysts are used in such a way that the catalytically active composition ground to
powder is introduced into the reaction vessel or that the catalytically active
composition, after grinding, mixing with shaping assistants, shaping and heat

40 treatment, is arranged in the reactor as shaped catalyst bodies — for example as
tablets, spheres, rings, extrudates (e.g. strands).
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Bry 21 no. EXBERIE A U8 BRrRE Y hAF PR breac  on state o) o O
25 transition metals such as Mn or MnO., Ta or tantalum oxides, lanthanides such as Ce
or CeO,, or Pr or Pr203; alkali metal oxides such as Na-O; alkali metal carbonates such
as Na,COs; alkaline earth metal oxides such as SrO; alkaline earth metal carbonates
such as MgCO3;, CaCO3; and BaCOj3; boron oxide (B203).

30 The catalytically active composition of the inventive catalysts and those used in the
process according to the invention preferably does not comprise any rhenium, any
ruthenium, any iron and/or any zinc, in each case either in metallic (oxidation state 0)
form or in an ionic, especially oxidized, form.

35 The catalytically active composition of the inventive catalysts and of those used in the
process according to the invention preferably does not comprise any silver and/or
molybdenum, in each case either in metallic (oxidation state 0) form or in an ionic,
especially oxidized, form.

In a particularly preferred embodiment, the catalytically active composition of the

40 inventive catalysts and of those used in the process according to the invention does not

comprise any further catalytically active component, either in elemental or in ionic form.
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25
The molar ratio of nickel to copper is preferably greater than 1, more preferably greater

than 1.2 and even more preferably in the range from 1.8 to 8.5.

To prepare the catalysts used in the process according to the invention, various

30 processes are possible. They are, for example, obtainable by peptizing pulverulent
mixtures of the hydroxides, carbonates, oxides and/or other salts of the components
with water and subsequently extruding and heat-treating the composition thus
obtained.

35 Preference is given to preparing the inventive catalysts by employing precipitation
methods. For example, they can be obtained by coprecipitating the nickel, cobalt and
copper and doping components from an aqueous salt solution comprising these
elements by means of bases in the presence of a slurry of a sparingly soluble, oxygen-
containing zirconium compound and subsequently washing, drying and calcining the

40 resulting precipitate. The sparingly soluble oxygen-containing zirconium compounds
used may, for example, be zirconium dioxide, zirconium oxide hydrate, zirconium
phosphates, zirconium borates and zirconium silicates. The slurries of the sparingly
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25 when they are left for a certain time after the precipitation, if appropriate under hot
conditions or while passing air through.

The precipitates obtained by these precipitation processes are processed further as
usual to give the inventive catalysts. First, the precipitates are washed. The content of

30 alkali metal which has been supplied by the (mineral) base which may have been used
as a precipitant can be influenced via the duration of the washing operation and via the
temperature and amount of the washing water. In general, prolonging the washing time
or increasing the temperature of the washing water will decrease the content of alkali
metal. After the washing, the precipitated material is generally dried at from 80 to

35 200°C, preferably at from 100 to 150°C, and then calcined. The calcination is
performed generally at temperatures between 300 and 800°C, preferably at from 400 to
600°C, in particular at from 450 to 550°C.
The inventive catalysts may also be prepared by impregnating zirconium dioxide (ZrO3)
which is present, for example, in the form of powder or shaped bodies such as

40 extrudates, tablets, spheres or rings.
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To apply the metal components to the zirconium dioxide, the impregnation can be
effected simultaneously with all metal salts or successively in any sequence of the
25 individual metal salts.

Subsequently, the catalysts prepared by impregnation are dried and preferably also
calcined, for example within the calcination temperature ranges already specified
above.
30
After the calcination, the catalyst is appropriately conditioned, whether it be by grinding
to a certain particle size or by mixing it, after it has been ground, with shaping
assistants such as graphite or stearic acid, compressing it by means of a press to
moldings, for example tablets, and heat-treating. The heat treatment temperatures
35 correspond preferably to the temperatures in the calcining.
The catalysts prepared in this way comprise the catalytically active metals in the form
of a mixture of their oxygen compounds, i.e. in particular in the form of oxides and
mixed oxides.

40 The catalysts prepared, for example, as described above are stored as such and, if
appropriate, treated. Before they are used as catalysts, they are typically prereduced.
However, they can also be used without prereduction, in which case they are reduced
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25

The aminating agent may, with regard to the alcoholic hydroxyl group or aldehyde

group or keto group to be aminated, be used in stoichiometric, sub- or

superstoichiometric amounts.

30 Inthe case of the amination of alcohols, aldehydes or ketones with primary or
secondary amines, the amine is preferably used in an approximately stoichiometric
amount or slightly superstoichiometric amount per mole of alcoholic hydroxyl group,
aldehyde group or keto group to be aminated.

35 The amine component (nitrogen compound) is used preferably in from 0.90 to 100
times the molar amount, especially in from 1.0 to 10 times the molar amount, based in
each case on the alcohol, aldehyde and/or ketone used.

Especially ammonia is used generally with a from 1.5- to 250-fold, preferably from 2- to
40 100-fold, especially from 2- to 10-fold molar excess per mole of alcoholic hydroxyl

group, aldehyde group or keto group to be converted.

Higher excesses both of ammonia and of primary or secondary amines are possible.
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group, al dehsfdengs Buvenrto krifixedrbediprécesdin thoguephasd, H gher excesses both of
anmoni a and of primary or secondary amines are possible. PF 60463 12
Preference is given to enploying an offgas flowrate of from5 to 800

st andard cY¥en werking jnsthe "qlé@ pb@ﬁeatheyemtm taicohgl, sldghydegidkatone @lvsi ¢ met er s/ h.
5 The &01 naivinoniddr drhire)dre passedeimianenuby, inchidinghgtrogen,gver thelcetalygtie gr oups

or keto graums &F) o%@ﬁ’m%&)@ﬁ& Y 6 )Feﬁrbeg(?eﬁc{r p?éf@%ﬁly' Heafegeexlérﬁéﬂyqn mﬁlﬁ%m‘) rin

t he gas phase.
phase. WWeRh ﬁiﬁﬁtlﬂﬁ%ssi‘??stohgerl‘qrﬁf% feomph i 30 MPﬁéS%%P%rhtpéefe@Pbﬁwm toy dehyde or
ket one pl u25MPa mmave preferabla frome)s ta26 MRS aad tenpardtus b geherally froph 80ltog

hydr ogenIor Wic, H&ﬂwﬁ%ﬁ?lfﬁ) 190, twyoﬁ*b p?ef&ﬁéph%}ﬂ »/z(ﬂg%esegnwa efelabff Ped

react or at pr es ures of
Gener atby. 0B 30 BASIEAPRASERBBOMATON 230 G Eobp figlesmpde od B4aNEa, — nor o
pr ef er abl y phasarmble tace péssidRa, rhamﬂtalmhwrfmspaee verbcms@eaéﬂauy frrtheréiyet o

350C, parti r re

o ef er abi y o 8jUso SYEprefRaf o 0t o2 drcfort ol eraiBhatint 82 S g
trickl e modohplgaldehydger ketapaRe "FﬁSG’EC%t?'éSt B%%Yqyn"ﬁe) anddogh {fAPPEPrigutty space
vel ocity i seaptants edn bedﬂutddhmthaamgtablefsolvemt&;u@ﬁa's tet@hydrofupare tiexard, W-f rom 0. 1

to 2 kg a“‘i‘néTWIﬁyrFH 865 é‘rbétb{¥lé tﬁ@‘é&'%ﬁé’t j e@néfglt %fapp?clf;?%'ﬂé)fo’he%'t fighyde or

ket one per 11 P grlate t he
reactants CSRFIHUS H?F’[ﬁ@&y\ﬂﬁf éntgyﬂqrggp "s‘éﬁ%%‘n?rei‘ﬂewyé% hedeRetidPdr of ur an,
di oxane, Nt&fiperatung.| pyrroli done or ethylene glycol dinmethyl ether. It is
appropriate to heat the reactants before they are fed into the reaction

vessel, pr ef er ablrx Lhe reaction tenperatur
When working In the gas phase, the gaseous reactants (alcohol, aldehyde or ketone plus

25 ammonia or amine) are passed over the catalyst in the presence of hydrogen in a gas
stream, preferably hydrogen, selected so as to be sufficiently large for evaporation, at
pressures of generally from 0.1 to 40 MPa (from 1 to 400 bar), preferably from 0.1 to 10
MPa, more preferably from 0.1 to 5 MPa. The temperatures for the amination of alcohols
are generally from 80 to 350°C, particularly from 100 to 300°C, preferably from 120 to

30 270°C, more preferably from 160 to 250°C. The reaction temperatures in the
hydrogenating amination of aldehydes and ketones are generally from 80 to 350°C,
particularly from 90 to 300°C, preferably from 100 to 250°C. The flow to the fixed catalyst
bed may be either from above or from below. The required gas stream is preferably
obtained by a cycle gas method.

35 The catalyst hourly space velocity is generally in the range from 0.01 to 2 and preferably
from 0.05 to 0.5 kg of alcohol, aldehyde or ketone per liter of catalyst (bed volume) and
hour.

The hydrogen is fed to the reaction generally in an amount of from 5 to 400 |, preferably
40 in an amount of from 50 to 200 | per mole of alcohol, aldehyde or ketone component,
the amounts in liters each having been converted to standard conditions (S.T.P.).



When working in the gas phase, the gaseous reactants (al cohol, aldehyde or
ket one pl uPF 680863anmoni a or ani ne) are passed over the catalyst in the

- presence of hydrogen in a gas stream preferably hydrogen, selected so as
to be sufficiently large for evaporation, at pressures of generally from
0.1 to 40 MPa (from1l to 400 bar), pref«l?ably fromO0.1 to 10 MPa, nore

" pref er abl y The perférniarice obtheRanindtion df algebydésiordetdras differs omthdi afthef al cohol s
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t enper at ur 8ESEAt ipAke a’ﬁWF'B@@ﬁ%{g‘?W&egﬁmﬂg?ﬁoBﬁs-of al dehydes and ketones are
generally from80 to 350C, particularly from90 to 300C, preferably from

100 to %50@ot TiRend Lo 5@&%5'@%@ naaiwhx% gggggqhm%@@f_&defrmn ih fRyfbove or
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f b . The . r [ a ream re I obt ai ned by a cle ga
method. 35 PR, it BPSAEE tobdee onss demperaflises and Materaveral ressures a0l 7 ange f r om
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Ty, 1I.n_an apount .of from5 to.400 |, preferahl 40.ip an
rount of KPORER Y b el pross fasped 2pghit AoPrap ity dlefe, St s
conpondft , the temparatunes specified, issapprepriatelh incraaget by injecting dwydrogen apdo thedar d
condi ti ons desirelt RadtionBre&fd3 13 The performance of the am nation of
al dehydes or ketones differs fromthat of the am nation of alcohols in that
at | east stoichionetric anounts of hydrogen need to be present in the
am nat i on @&othaindiedgakesof outinuous wpsratisn Bathh liquid phasecandindhe operr oft i on i n t he

l'i qui d phaggniHius Bpérafiort RtRe gﬁs BR&YA X cbEs AMMaling ageil 28R beldrciisteROSSI bl e
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to use higher . te ratyres an
space ng Oéqqqtfg%t%ﬁ@e ﬁ)‘%ggetﬂ'e in the reaction vessel, which results from
the sumof the partial pressures of the arninating agent, of the al cohol,

al dehyde ?'Whéfﬁh@ REtaly3Dd PlanbbEas 8aikéd BEY, M ASNBE adVaHtagRbus Ak thé Etalect_ivity
appropri ate

of the solvent used at 10 the tenperatures specifije i S

bt opr 1 at O eimectBaIS i e BEEY Pitgvi iotlasuR T ercicr i TREGHAskEEs Rt  on
pressure. Bdute'ithernias itoxere. Bie propertian olisackingsdn suh ¢atalysterepagatiadspheise and
i n thepgas@edfom SO/ 80pEHED rrﬁé,‘ﬁﬁtidu!hr%:hn%nﬂ@@td)mﬁﬂtsﬁ Gol@NEQPE imm nat i ng
agent can bhe ci rcgl at@g 51) t oget hFr wi th the hydrogen. en the catalyst is
arranged a?aﬁ'cf'ﬁak AMped© |tpaﬂﬁ$yl¥8uﬁlﬁ7ant ageous for the selectivity of the
reaction to mx the shaped catal yst bodies in the reactor with inert
patck: ngts, tThe Waﬂeddﬁ@ébﬁbﬂmg ik %he%ngs,e oT'ﬂﬁéB%fa@ﬁb?’{(ﬁn gébrpéexlslé%kﬁlrﬁkﬂé pef Isuclh
cat al yst preparatiqns m e from 0 parts vol u articularly
rom 30t o "I REVRAREORDY, Sileie ooip Skl mdlp Bpherel o¥rdMEdpei it b,
vol unme25 have a disruptive effect on the degree of conversion, the reaction rate, the selectivity

and the catalyst lifetime, and is therefore appropriately not removed therefrom until the

workup of the reaction product, for example by distillation.

After the reaction effluent has appropriately been decompressed, the excess hydrogen
30 and any excess aminating agent present are removed therefrom and the resulting

crude reaction product is purified, for example by a fractional rectification. Suitable

workup processes are described, for example, in EP 1 312 600 A and EP 1 312 599 A

(both BASF AG). The excess aminating agent and the hydrogen are advantageously

returned back into the reaction zone. The same applies to any incompletely converted
35 alcohol, aldehyde or ketone component.

Unconverted reactants and any suitable by-products which are obtained can be
returned back into the synthesis. Unconverted reactants can be flowed again in the
cycle gas stream over the catalyst bed in batchwise or continuous mode after

40 condensation of the products in the separator.
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The water of reaction formed in the course of the reaction (in each case one
nmol e per MFIGD468 al cohol group, al dehyde group or keto group converted)

- generally does not 25 have a disruptive effect on the degree of conversion,
the reaction rate, the selectivity and ﬁ e catalyst lifetinme, and is
therefore appropriately not renoved theréfromuntil the workup of the

" reaction pAodoaEting a‘gentseummbrecégs aticerdirg tattheimveftfoneare t dsewelbascamownit, f | uent

has appropr‘.l%gyé{n@%n&l&? &ssed, the excess hydrogen 30 and any excess
am nati ng ggent present e rem)ved therefromand the resulting crude

reaction product is purified, for exanple by a fractional rectification.

Sui t abl e \tds kogsilpe bydmmcenseaodemmgtb@hb inventioaxa ppdpare,ifor &@mbple i) A and
EP 1 312 59P1A foli@i  BASF AG . The excess aminating agent and the hydrogen
are advant ageously returned back into the reaction zone. The sanme applies
to any inconpletely converted 35 alcghol, aldehyde or ketone conponent.
Unconverted reactants and any suit able by-products which are obtai ned can be
returned back into the synthesis. ,lqln.cg_a rted reactants can be flowed again
in the cycle gas streamover thg/catfalyst bed in batchwi se or continuous
node after 40 condensation of t products in the s@parator. PF 60463 14

Am nating agent$uhRnpt he process according to the invention are, as well as
anmonia, primry and secondary amnes. It is possible by the process
according to the invention to prepare, for exarrple amnes 5 of the formula
| R3 RO I /NRRR R2 (1) i namheach hiardgen (R atkybsiechcds (Bmd-latkgbnyc(ltbmkylal kyl

such as Cl-2o-al kyl, cycloal kyk,crs | yaI kyl such
as C2-30- al koxyal kyI di al kyl g ] é,gC E%% Eféa&@ ak %f@ﬂ aﬁg am noal kyl ,

aryl, aralkyl such as C7.2o- aré di'a"sn'fwna?'w %ﬁs 30(:7 20- al kyl aryI
or together are -(CH2);-X- 15 d@limammoamﬂ al, anatkyesuch dsyGinegeatkyl &d  al kyl

such as Cl. 2o0-al kyl, cycl oal kyb"( 8 g 106 thyéth ,hg,gr Lyl such
as Cl.ag- hydr oxyal kyI am noal J WSFU% (é }ég;,m noagt P @Wﬁ
| k

hydr ox yl am noal kyl such as( 2‘20-

R3, R4 are each hydrogen (H), alkyl such as C1.2-alkyl, cycloalkyl
such as Ca.12-cycloalkyl, hydroxyalkyl such as C1.2-
hydroxyalkyl, aminoalkyl such as Ci.2-aminoalkyl,

20 hydroxyalkylaminoalkyl such as Cx-20-
hydroxyalkylaminoalkyl, alkoxyalkyl such as Cz-30-
alkoxyalkyl, dialkylaminoalkyl such as Cs.3o-dialkylamino-
alkyl, alkylaminoalkyl such as C..3p-alkylaminoalkyl, R5-
(OCRSR7CReR?),-(OCR®RY?), aryl, heteroaryl, aralkyl such

25 as Cro-aralkyl, heteroarylalkyl such as Cs-20-
heteroarylalkyl, alkylaryl such as Cr.20-alkylaryl,
alkylheteroaryl such as Ca.20-alkylheteroaryl, and Y-
(CH2)m-NR5-(CH.)q or, together, -(CH2)-X-(CH2)m- or

30 Rz and R4 together are -(CHz)-X-(CH2)m-,

RS, R10 are each hydrogen (H), alkyl such as Ci4-alkyl,
alkylphenyl such as Cr.40-alkylphenyl,

35 R¢, R7, R8, R? are each hydrogen (H), methyl or ethyl,

X is CH2, CHRS, oxygen (O), sulfur (S) or NRS,



hydr oxyal kyl am noal kyl , al koxyal kyl such as C2-30- al koxyal kyl,

di al kyl am Rba80468B such as C3. 3o-di al kyl am no- al kyl, al kyl am noal kyl such as
- C2-30-al kyl am noal kyl, R5- (OCR6R7CR8R9)r (OCR6R7), aryl, heteroaryl,

aral kyl such 25 as Cr2o-aral kyl, het eroggyl al kyl such as C4-20-

het er oaryl al kyl , al kyl aryl such as Cr7.20%al kyl aryl, al kyl heteroaryl such as
" C4- 20- al kyl het aroaryl, and Y- [sGHR'NNRyioHH2T e 0caikyldnigealkgror Cazo-
-(CH2)i-X-(CH2)m or 30 R2 and,§ ﬁ(y @J@; are -(CH)i-X-(CH2)m, R5, R10
are each hydrogen (H), al kyl such”as "al kyl al kyl phenyl such as
C7-40- al kyl phenyl, 35 R6, R7, R8, RO are each hydrogen (H, methyl or ethyl,
X is CH2, CHR5n oxygen (0), sulsfamrin{eger foomNR6,30RAA60463 15 Y is N(R 0) 2,
hydr oxyk, C2-20-al kyI am' noal kyI or C3.20- dialkylamnoal kyl, n is an integer
from1l to 30 an g are each gers from1t04 The process

K, i nt
according to tlhg‘ | H\‘/é’ntl on the?'@‘%ﬁcg"btfeg?rérfré’m i 9fnds use for preparing an

amne | by reacting a prinmary or secondary al cohol of the fornula Il 10 R3

HO- HC- R4 ; \V/ I
OHC R4 (i f&g Sk ﬁkz%ﬁ%hﬁﬂﬁfr%{reféréﬁbg%lgd%d 15 idbrind o7 V1
RIC MM RATING | By Yeaging g aian or sheondRey SRehake! BEJOTHIA N as def i ned anove.

The red6t ant aI cohol may al so be an am no al cohol, for exanple an am no
al cohol of the formula IR

HO—C—R#
H 0]

and/or an aldehyde and/or a ketone of the formula VI or VI

0 o]
)J\ )l\ 4
15 R TH oy R R )
with a nitrogen compound of the formula ll|
R1
“N—H
S/
R ),
20
where R, R2, R? and R* are each as defined above.
The reactant alcohol may also be an amino alcohol, for example an amino alcohol of
the formula II.
25

As is evident from the definitions of the R2 and R# radicals, the reaction can also be

effected intramolecularly in an appropriate amino alcohol, amino ketone or amino

aldehyde.

To prepare the amine |, in a purely formal sense, a hydrogen atom of the nitrogen
30 compound lll is accordingly replaced by the R4(R3)CH- radical with release of one

molar equivalent of water.

The process according to the invention preferably also finds use in the preparation of a
cyclic amine of the formula IV
35
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25 As is evident fromthe definitions of the R2 and R4 radicals, the
reaction c#®f 60468 be effected intranolecularly in an appropriate am no

- al cohol, am no ketone or am no aldehyde. To prepare the amine |, in a
purely formal sense, a hydrogen atom of ,fhe nitrogen 30 conmpound I | | is
accordingly replaced by the RA(R3)CH radical with rel ease of one nolar

" equi val ent of water. The processRac iR’ to the invention preferably al so
finds use in the preparation of a |cycllic amn f the formula 1V 35 PF
60463 16 R6 Z R7 (1V), R11 N 3]1 1 n y%ﬂ C 11 and R12 are each
hydrogen (H), alkyl such as ClRYto C2g-alkyl, cycloalkyl such as 5 O to
Cl2-cycl oal kyl, aryl, heteroaryl, ar&Kkyl such as C7- to C2o-aral kyl, and
al kyl aryl suwhices C7- to C2o-al kylaryl, Zis CH2, CHR5, oxygen (0), NR5 or
NCH2CH2OH and 10 R1, R6, R7 are each as defined above by reacting an

al cohol of the formula VR6 R7 HO_ IN-r OHI1Y Z ﬁ\/) R11 R12 15 with
anmoni a or R' pnd Rir y aserbach ydregen (Horathodl such 3s Ci-fa kyl\veycloalkybsugheas

substitgents Rl to RE, totd){%-cyélbélﬁ*l,' éa?l, Keteloaryl, aralk§ll Ueh ds'TI &LSyolarakkyl, |, m n
. \ VIl are each independently

and q in the conpound I Ll Vi an

defined as follows: aﬁﬁ?’"ﬁéﬁw'ﬁa‘?h @Crﬁg\éz I!ky%w,ﬁj’ R8, R9, R10, R11, R12: -
hydrogen (H), 25 R3, R4: - al kyl such as Cl-2o0-al kyl, preferably

Cl. 14-al kylz such as igreHhYtHRE LRYyden (@) PR NCH,CH.OH and

10 R, RS, R7 are each as defined above

by reacting an alcohol of the formula V

HO OH
z V)
R11 R12

15
with ammonia or a primary amine of the formula VIl

R1—NH, (VI

20 The substituents R* to R'2, the variables X, Y, Z, and the indices j, k, |, m, nand g in
the compounds |, 11, lll, IV,V, VI and VII are each independently defined as follows:

R1, R2, R3, R4, R5, RS, R7, R8, R9, R10, R11, R12:
- hydrogen (H),
25
R3, R4
- alkyl such as C1.20-alkyl, preferably Ci.14-alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, cyclopentylmethyl,
30 n-heptyl, isoheptyl, cyclohexylmethyl, n-octyl, isooctyl, 2-ethylhexyl, n-decyl, 2-n-
propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nonyl and 3-n-butyl-n-nonyl,

- hydroxyalkyl such as Ci.20-hydroxyalkyl, preferably C1.s-hydroxyalkyl, more
preferably C1.4-hydroxyalkyl, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxy-
35 ethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-(hydroxy-
methyl)ethyl,
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i sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec- pentyl PF 6046Bentyl , 1, 2-di net hyl propyl, n-hexyl, isohexyl, sec-hexyl,
- cycl opentyl methyl, 30 n-heptyl, isoheptyl cyclohexylnethyl, n-octyl,

i sooctyl, 2-ethyl hexyl, n-decyl, 2-n- 9py n- heptyl, n-tridecyl,
2-n-butyl -n-nonyl and 3-n-butyl -n- nonyl hydroxyalkyl such as

- Cl. 20- hydr OXyabWﬁoall@tgidhrMMo-@Mrﬁ)dﬂwr bkyC . 8-am|h6alkj’dr§fohl’a$b| y

i 3 i ogyinertil 2SR NL BE Mine Sl

et hyl, 1-hydroxy-n-p and

1- (hydr oxy- ne@ram'yeﬂrﬂrppylpkam 2”37 aﬁﬁ"ﬁ%@rmws'ﬂ‘é?raﬁﬁnc@i Yi am noal kyl ,
preferably C, _andmoetiodhbhy N-(2santihoethyl)aamihomesttiyhyl , 2- am noet hyl ,

2-am nogl, 1-di met hyl ethyl, 2- am' no n propyl, 3- am no- n- propyl ,

4- am no- n- butyI 5- am no-n-p (2-am noethly )-2- mnoetry and

N- (2- am noét hy! )’@ﬁ?‘)‘ﬁi‘ﬁ@@rﬂvpa'kﬂ SH%?%%%WFWWMQW“@E@HG@@N Cas-

C2- 20- hydr oxythWﬂoayalk;ﬂmhMphlkylpsn.&:hease(mhydﬁ&yethylbmﬂ"for)myﬁdykQt(amydmxykmyl- such

as (2- hydroxye ﬁ‘,@ﬁﬂ yl - am no) et hyl and
3- (2- hydr oxyet hy a(ﬂ1 ngl())grop{%ql‘yd{%x)/e @%@'&RBRQ) -(OCR6R7), preferably

R5- ( OCHR7CHR9) n- (OCR6R7), nore preferably R5-( OCH2CHR9)"-( OCR6R?7), -

al kyl artonoal kyIRS?‘OCIRf‘RECR}R—‘?)%QO@R@RY)apierfmabIkFS (O@HR’EHRS)y OCR®R?), more

C2- 20- al kyl am ' R5. epp7\C2- a- al kyl am noal kyl, such as

met hyl am nonet ﬁpﬁé&ny (??.‘FI—‘E TE arni nogt)hyl et hyl am nonet hyI

2- et hyl am noet hyI and 2- (| sopr opyl am no) et hyI (R5) HN-(CH2) q, -

Y- (CH2) , - NRS5- ( @H@lagqindzikyl s&r&ta@mwllqldwhoaﬁkyﬂpreferdﬁwﬁziaeillq'tmngéllaylkyl , such

as pyrid-2-yl m?ﬁc{i]'é! |roref§r1é5 rCz% alWléﬁ%@M‘wl é?)éhrag m%&%{%ﬁﬁ{oﬁ'@th rEjmeth

i m dazagl - 2-yl et et'er 'suc et er such
as 2-mdbhyl - 3. ARGt et ﬁg@me 2igthylaminestivi and 2 IS@%exﬁwnoge Feranw and

5-met hyl - 2- pyr §2)ANHCHZR, het eroaryl such as 2-pyridinyl, 3-pyridinyl,
4- pyri di nyI pyrazinyl, pyrrol-3-yl, imdazol-2-yl, 2-furany| and

3-furanyl, %'EFB E&FH% cycl oal kyl such as C3-12-cycl oal kyl ,
preferably CS QR @uch as cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl and cycl ooctyl, nore preferably cycl opentyl and
g C|20h9f§>l:| - | ﬁbf‘é%‘éf?llaikyﬂ su%H(éB C%o-ﬁ@te%%rﬁélkﬁ%h‘é‘é'pynﬂ’fzeih%ﬁﬁpl Yuran-2-

0-al koxya Mnéth)ﬂv pyrro? 5 yImetﬁyI e}ﬁd imidazol-2-ylmethyl,

- alkylheteroaryl such as Cs-20-alkylheteroaryl, such as 2-methyl-3-pyridinyl, 4,5-di-
methylimidazol-2-yl, 3-methyl-2-furanyl and 5-methyl-2-pyrazinyl,

25
- heteroaryl such as 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, pyrazinyl, pyrrol-3-yl,
imidazol-2-yl, 2-furanyl and 3-furanyl,
R, R%, R?, R4
30 - cycloalkyl such as Cs.12-cycloalkyl, preferably Css-cycloalkyl, such as cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, more preferably
cyclopentyl and cyclohexyl,

- alkoxyalkyl such as Cz.3p-alkoxyalkyl, preferably C..x0-alkoxyalkyl, more preferably
35 C2s-alkoxyalkyl, such as methoxymethyl, ethoxymethyl, n-propoxymethyl,
isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, sec-butoxymethyl, tert-
butoxymethyl, 1-methoxyethyl and 2-methoxyethyl, more preferably C.4-
alkoxyalkyl,

40 - dialkylaminoalkyl such as Ca.3o-dialkylaminoalkyl, preferably Cas.2o-dialkylamino-
alkyl, more preferably Cs.1o-dialkylaminoalkyl, such as N,N-dimethylaminomethyl,
(N,N-dibutylamino)methyl, 2-(N,N-dimethylamino)ethyl, 2-(N,N-diethyl-
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35 C2-6-al koxyal kyl, such as net hoxynet hyl, ethoxynethyl, n-propoxynethyl,
i sopr opoxyiRRR60463 n- but oxynet hyl, i sobutoxynethyl, sec-butoxynmethyl, tert-
but oxymet hyl , 1-net hoxyet hyl and 2-nmet hoxyethyl, nore preferably C2-4-

al koxyal kyl, 40 - dial kyl am noal kyl SUﬁH as C3-3o0-di al kyl am noal kyl ,
preferably CS 20-di al kyl am no- al kyl Pe preferably

C3- 1o- di al kyl amimegéthyl, 2- Nm:-blbatyldmmb)dthyew I+di-ngpreyigrhino)ethyl and

L0 o) AN AR oot 4t

2- (N, N-di - n-propyl am no)ethyl and 2-(N, N-diisopropyl am no) et hyl,
3- (N, N- di met hylasyrisoch as phgryl, 1¢riiphihiy, Ckddhthyl, -1-antiplyl, Ruamithrglsareh@apthryl,
1- napht gyl naph?ﬂﬁ%ﬁﬁ/&hfﬁ%la?%ghm}wyl aridh hYI#yIQ‘H %r%?ﬁsx'ﬂ)he_nyﬁ preferably

phenyl , apht nor e era al kyl aryl such
as C7 20 aI kyl aryl, preferably C7_12-al kyl phenyl, such as 2-nethyl phenyl,
3- et hyl phenyl ,alk44any-:t1sb9ﬂ a@@m&alky}hrw ﬂnefmabiylcphheaiwph&yﬁsudn aet hyI phenyl ,

2, 6- di met hyl ph f@{ebﬁ/‘ Qﬁﬂ H@ngP hivi %ﬁ‘% % ff)henyl 2 4 6

2,3,4-trineth I

trimet hy: phenzl g?‘?ﬁﬂyb gqmet@y Sﬂe thy}py Wyéﬁ enyl,

2- n- pr dpyl phen)ZL34tr3nethyipb¢rwll rﬁﬁaﬁ-ymmamgllpnemw pﬁmﬁyhmhmgplhenyl a4H-kyl such as
Cr2o-aral kyl , Wrﬁétﬁwai%aw CéZetiL.,Zu ﬂéww ahismheny‘fuﬁ&h%hwzzthaprap’wphenw

- met hoxybenz phenet hy enyl -
Br opyl , )Zl-pheﬁfr'bp@wllphewl 6Hér"f>ﬂ B’P\é}ﬁlwe"@ phenyl butyI 2- phenyl butyI Y

3-phenyl - butyl and 4-phenyl butyl, nore preferably benzyl 1- phenethyl and

2- phenet hyl,, aFQkfI‘ l%@al%d rétﬂﬁ@? heR{EIk$ bér?ﬁyKCHZ)m group
Sl(J(C:JZZ? 516 E %gg P- r’nethgﬁgys ﬁ(d@pel}ngxy enzy(ldq E%‘ g y “1-phenyl-
- (CH2) 2- 0- ( CH2)pEopyl, - iliaRy Prafivh 3ty Rrapyh (IQP@)\ﬂbﬂlMRB—pr(eﬁHb)Jm 3-phenyl-

- CH2- O (CH2) 3- ’bug)ﬁ:ﬁﬁ @I@Q@I mof {ﬁ%fé%ﬁ{?bé%)ﬁ?mer{ahyl % 2 enetﬁillkyl such

as Cl-2o0-al kyl, efer bI y Cl such as ne , h-propyl,
i sopropyl, n-butyl, isobutyl, sec butyI tert-butyl, n- pentyl i sopentyl,
sec-pentyl - néS@adtRflor RE apd cﬂi“mmmrmrepy-l(CHﬁr)l&éQlylk)m 'gmmp@uyh ass@Hhexyl ,
n- heptyp, | sohe%-|254, (CHHEL ¥q2H2 - sqggtz)yj C?-r pbtw xy{GH re.(BHef.er abl y

Cl- 4- al kyl, J-C éHz re d:e_ézu zsdzg?g_up such as

-(CH2) 3-, -(CH2
-(CH2) - NR5- ( CHZGH:),-, QH}Q) CHzR‘:S CIfIﬁNEl)3 PCH>) s-( @Hﬂz}QHB— {(CHR)-2-
-(CH2) rNR5- (CH2) 2-, -(CH2)2-CHR5-(CH2)2-, -CH2-O (CH2)3-, -CH2-NR5-(CH2) 3-,
- CH2- CHR5- (RQI—EQ 3-, 35 R5 R10:
25 alkyl such as Ci.20-alkyl, preferably Ci.s-alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl,
n-octyl, isooctyl, 2-ethylhexyl, more preferably C+.4-alkyl, or

30 - R and R? together are a —(CH2)-X~(CH2)i— group such as -(CH2)s-, -(CH2)4-,
-(CH2)s-, -(CH2)6-, -(CHz2)7-, -(CH2)-O-(CHz2)2-, -(CH2)-NR5-(CH2)2-, -(CH2)-CHRS-
(CHz2)2-, -(CH2)2-O-(CHz2)2-, -(CH2)2-NR5-(CHy>)2-, -(CH2)2-CHR3-(CHy)2-, -CH2-O-
(CHa)s-, -CH2-NR5-(CHa)3-, -CH2-CHR5-(CHz)s-,

35 R5 R
- alkyl, preferably Ci.4-alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and tert-butyl, preferably methyl and ethyl, more preferably
methyl,

40 - alkylphenyl, preferably Cr.40-alkylphenyl, such as 2-methylphenyl, 3-methyl-
phenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-dimethyl-
phenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-, 3-, 4-nonylphenyl, 2-, 3-,



- alkyl, preferably Ci,-al kyl, such as nethyl, ethyl, n-propyl, isopropyl,
n-butyl, iPFOB0463I , sec-butyl and tert-butyl, preferably nmethyl and ethyl,
nore preferably nethyl, 40 - aIkyIphenyI pref erably Cr74o0-al kyl phenyl, such
as 2-net hyl phenyl, 3-nethyl- phenyl, qsthylphenyl, 2, 4- di net hyl phenyl ,
2, 5-di net hyl phenyl , 2, 6-di net hyl - phenyl 3, 4-di net hyl phenyl ,
3, g- di Ime?lhyl lph@?décylpﬂenyl$3 , 240§, BMQFB/B dlr&nylpﬁe?yl,rl:]ﬂ?3-6|0{146,32,5~9 3,4- and
4- decyl pheny nyl phenyl, 2,3-, 2,4-, 2,5-,
3,4- and 3,5 Zﬁdé'ge ’ﬁ% b %%ﬁ'cﬁar'fq’é%?'kﬁpgéﬁ@o al kyl phenyl , R6, R7, RS,
RO: 5 - methyl or ethyl preferably met hyl, Rlt, R12: - al kyl such as Ci-
to C20- al kRS, RCf@lBalkyl such as C3- to Cl2- cycloalkyl aryl, heteroaryl,
aral kyl gsuch as, IoPQﬂl é@ B&X%ﬂh nd al kyl aryl such as C7- to C20- 10

ed a

al kyl aryl i n eachr case é ove, X2 - CH2, CHR5, oxygen (0),
sul fur (S) or NR5, pref erably CH2 and 0, 15 Y: - N( R10) 2, preferably NH2
and N( CH3) R, R'2:hydr oxyl 20 - C2-20-al kyl am noal kyl , preferably

C2-16- al kyl_am ny C ) et hyl ,
t hyl am noriet hy '%ﬁﬁ? %%%eé*ﬁ” BB BCAEL B to G AR é'gé‘jg”%ﬁ?
C3- 20- di al kyl ary?PiﬁS%ﬁfK'yPa'ﬁ!f%f@raé % tG07a5ally! Ya?fv&/gﬁ)‘}%b%ﬂ faas

di met hyilbam no- akylangtihach 2ash aeddfined@boget hyl , 2-di et hyl am noet hyl ,

2- (di -n-propyl am no)ethyl and 2-(di isopropyl am i no)ethyl, Z. - CHZ,
CHR5, 0, NRS or NCH2CH2OH, 30 j, I: - an integer from1l to 4 (1, 2, 3 or
4), preferdbly 2 and 3, nore preferably 2, k, m q: 35 - an |nteger from1
to 4 (1, 2- 3 @Hﬂ&HRQr@dygemt@)ysﬂfurfﬁSmd\lw prejerablyrGficarabOy 2 and 3, n: -
an integer froml to 30, preferably an integer froml to 8 (1, 2, 3, 4, 5,
6, 7 or158) v

- N(R19)2, preferably NH2 and N(CH3)2,
- hydroxyl (OH),

20 - Ca-20-alkylaminoalkyl, preferably Cz.1e-alkylaminoalkyl, such as methylamino-
methyl, 2-methylaminoethyl, ethylaminomethyl, 2-ethylaminoethyl and 2-(iso-
propylamino)ethyl,

- Ca.zo-dialkylaminoalkyl, preferably Cs-1s-dialkylaminoalkyl, such as dimethylamino-
25 methyl, 2-dimethylaminoethyl, 2-diethylaminoethyl, 2-(di-n-propylamino)ethyl and
2-(diisopropylamino)ethyl,

Z
- CHz, CHRS, O, NR® or NCH>CH.0OH,
30
i, I:
- an integer from 1 to 4 (1, 2, 3 or 4), preferably 2 and 3, more preferably 2,
k, m, q:
3% - an integer from 1 to 4 (1, 2, 3 or 4), preferably 2, 3 and 4, more preferably 2 and

3:

- an integer from 1 to 30, preferably an integer from 1t0 8 (1, 2, 3, 4, 5, 6, 7 or 8),
40 more preferably an integer from 1 to 6.



40 nmore preferably an integer from1l to 6. PF 60463 20 Suitable al cohols

under the #&FoB46G8nti oned prerequisites are virtually all primary and

- secondary al cohols with an aliphatic OH function. The al cohols may be
straight-chain, branched or cyclic. Seglégndary al cohol s are ami nated just as

efficiently as primary alcohols. The afF€ohols may al so bear substituents or

“conpri se f Buithblemdohgisamder thikiabbvemdadioage prenequidites @nel eirtualhealcprinolary iaads  of

t he “hydr 00&Rak 130, ABBA bRl an CAHRE B hAcH. KAKicRRISSRY B raightislayTi no or
% et? PIS ci] Eda naer

di al kyl am no groups, or se | ropriate are, r nat t he
condi t i ons PANORE °ﬁ9¥f369%‘??8f‘?% aﬁf?ﬁﬁlgtqr%ﬁmlqe&d Jé!ﬁ'a%sp‘?fgg?ﬁfﬁ’ FRIBIAYor triple
bonds. \WermlqobblghYhk alcolwls olaglatso Hear sebsditysints, Qrdjommselfurtctibmﬂlgrounsa{vhitth:ul arly
gl ycol sg argnhi ihsnl?%ﬂéﬁtﬁéfoh&itiér% ‘ﬁgﬁhm@géﬁaﬁ"%ﬁ\i%%’r@t eimdige reaction

10 conditions to obtain preferenti.a amno alc s, cyclic am nes or
ool yani nat AkoxyalERxY. dikdarsing 05 Al aEING URS.f 96 dLARBIORAR At ng on ¢ he
sel ecti on d¢iydtogenated chderthe comtitiansrof the pairedenatiag ampination,-fanéxamde B¢dr oxy

conmpounds i el AT C ] I gikol s | eads,
dependi ng g%u%lﬁ% ?e@@ghw%ﬂw&gﬁygﬁ?!?%lﬁ%r&? ttab ns’r?bl%@ﬁ?-glg’m no- 4- hydr oxy
conpounds, PRMHEUGEY QIVABSRIR aR @ZINZEd. S PPIRILIFYIASEP &8 W'ﬁ&he "RPEUPNa nitrogen
at om ( (@9r r cbnditiorestp.obgin preferantiatiyaimimo altoHgl€-cyclol @aniheadspolympieattidng on t he
sel ection @fodfess. reaction conditions, to 1-am no-6-hydroxy conpounds,

1, 6-di am no conpounds, or to seven-nenbered rings with a nitrogen atom
(hexamet hyl enei m nes). The am nation of 1,5-diols |eads, depending on the
sel ecti on dhetaminateacifi1ghdiosriedds, dependirgson the sewatioroof3hé yehctialy conditierei ani no

conpounds, p{éﬁich%rl?itd1%ﬁ%2ﬂ‘?dfdx9%m%&rﬂhsaor 1D-HRRGRNcHh PSB! peri di nes,
1, 5-di 3:5per| di nyl pentanes). Tt 1S accordingly possible to obtain from

diglyc (DEG), by am nation with NH3, nonoam nodiglycol (= ADG =
H2N- CH2 CH2 - The@HREGHPN@H)  4-diblsrieatisd depandinig @othe iselectippatHine @acHTCERRdilidMS, or

nor phol i ne.to Ranbih6-4ltoxy RoRIpBURES &, 4-GiainoeddniBdiufds, dr tdfife-menblfedXiEess
product. Pip raﬁ# ne | S.sonre Eﬁ)nd ngly obtained with particular preference
from di et hAHGIH rﬂggnam(gyr@ Q‘f)?i/et hyl ) pi per azi ne can be obtai ned from

triethanolamne. 35 Preference is given to am nating, for exanple, the

fol | owi2ng ahecimihation dTatE1@IBR! leaddt BepEHdingbrPtheRarRetion bR FEHEBR tonditidhdt anol
i sobut anol t hyl hexang i decanal aryl

+ - pent anol n- hexanol € h L. trid St
ot conon  pip A Btoesy CoRpRRNR,  SHIRMIG TGS ahit SSEHTemRdol
benzyl al caings with agiieegenatoraibexanetiylenaiminesly phenyl ) 40 et hanol ,
2- (3, 4-di net hoxyphenyl ) et hanol, 1-phenyl-3-butanol, ethanol an ne,
The amination of 1,5-diols leads, depending on the selection of the reaction conditions,
25 to 1-amino-5-hydroxy, 1,5-diamino compounds, or to six-membered rings with a

nitrogen atom (piperidines, 1,5-dipiperidinylpentanes).

It is accordingly possible to obtain from diglycol (DEG), by amination with NHs,
monoaminodiglycol (= ADG = HoN-CH>CH2-O-CH,CH.-OH), diaminodiglycol

30  (H2N-CH2CH2-O-CH.CH2-NH.) or morpholine. Particularly preference is given here to
ADG as the process product.
Piperazine is correspondingly obtained with particular preference from diethanolamine.
N-(2-Hydroxyethyl)piperazine can be obtained from triethanolamine.

35 Preference is given to aminating, for example, the following alcohols:

methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, n-pentanol,
n-hexanol, 2-ethylhexanol, tridecanol, stearyl alcohol, palmityl alcohol, cyclobutanol,
cyclopentanol, cyclohexanol, benzyl alcohol, 2-phenylethanol, 2-(p-methoxyphenyl)-
40 ethanol, 2-(3,4-dimethoxyphenyl)ethanol, 1-phenyl-3-butanol, ethanolamine,
n-propanolamine, isopropanolamine, 2-amino-1-propanol, 1-methoxy-2-propanol,
3-amino-2,2-dimethyl-1-propanol, n-pentanolamine (1-amino-5-pentanol), n-hexanol-



n- pr opanol am ne, isopropanol am ne, 2-am no-1-propanol, 1-nethoxy-2-propanol,
3- anmi no- 2, PFh0#68hyl - 1- propanol , n-pent anol am ne (1-am no-5-pentanol),
-h | PF 60463 21 am ne (1-am no-6-hexanol), ethanol am ne,
gi ete)rigggl am ne, triethanol am Ele, N al k&- di et h;nol am nes,
di i sopropanol am ne, 3-(2-hydroxyethyl a ?10) propan-1l-ol, 2-(N, N
' gi ?ﬁlt Rﬁ/ljfimanﬁ!)eé(c1l°@ﬁinb16-l?e)(ahblbxj-ei|handlari(1iaej diethatdiarnivle, trieth_anolarr;ine, N-alkyl-
- (N, i - e . 2 \ et hanol N
NN di -ﬁiﬁﬁﬁégﬁnﬁ%ﬁ%ﬁ#ﬁﬂ%%aﬂ@ﬁ%&%ﬁﬁ %"fﬁ“@?ﬂ‘d&%g?tﬁa% N
N-di - gﬁﬁetaﬂ@@ﬂunaaﬁt%\a)%t%%ﬂrq'et yiaring)ehanaky3-(W D ditrnaproRyeineletbpnol,
, N- di m2t(hyN-aiisopod pytapiaa)ethandl, @NNNN-di-e-tbiofylsanino)elhanoh 20, N-dBsaliuiyi- di - n-
Pyl agi nayREABRBALI; 2-fy NNk edid BRRHABERIHON 2L I RRARM butyiakhd)etibnd);
SR B i e
- di net hyl ampytaoend)aropland], 3<(N MN-diisopediplylanane)pmpanoladdN Nidi-ret hyl ene gl ycol
, 2-propyl! B8/ m&)ﬁaropaﬁoﬁsngwﬁs'aast iR gropaﬁbgbgﬂ%-d--é%éb@iﬁmﬁw ol ,
1, 5-pentanediol ,. 1, 6-hexanediql,. 2 2-bi s[4- hydroxyc cl exy ropane,
Tt hoxyet hamﬂa,nolp5&HJ&-@bﬁeﬁﬁmﬁémwei%mpfén%m?ﬂw%g}%wﬁﬁnd-él ol 5.
pol yet N9l erthytdnyinapentdariobd sethyplehg glyoqly1,@mpeomylisnecglyat, He3-prapyténe ghicpbut yl ene
gl ycol et hgjgiycoll 1&1-b@hké&diolPP5YRhitane8RE 1H8-HoRne8bh e Spigae converted to the 15
correspondi ng am ngg I T] t he i nvent IB\é? re?ctl on bt\é cqnl\)/ﬁé)tfl their free
hydr oxyl GYdaRecyceRenlelapaneyMeRariEThans B cRseibansl enielier! et hano!
n- pr opanol polyprapybaleaiio)s, polyethsieoe glycslethdrat polypropylent glycah ethdrsand

1, 5- pent angdiyBlitylehe Gy2erARED! Phe lafteeidNAIRfR N ool dPefysb QBAYEH to thaxt t Y
alcohohg, et hyl I ; t hyl

éne. gl'ycol ,. di et hyl ene gl yc Q). ri ne glyco
(TEQ) 18 ( SoutsnePHpE AR RS Py R RETerctoR BkspRyA NG el TS e MRV End 2. (2- di -
nmet hyl am ngeaupsxy) et hanol . Sui t abl e ket ones usable in the process accordi ng
to the invention are, under the 25 abovenentioned prerequisites, virtually
all aliphaty tic ketones nmm

. ti t . Jh | i ph b
2t a ght - chariruegy e gleoRS AednethaBol e Bdn Riap<Bt fo o8 cIHEPHABg ons.
The ket oneseerhytanal; i Hebutaresiiol sLbpentanedivt 16rhexanpdiok 8-ethydhaxaoolal  gr oups
For Cox o) SCLERO ety SRionb R ehABHE DhEardhylone JE! BT el Ite Il % se
[t appr opr (MG B ERdERte B A ey adhdrdaRE 5 2R |
hydr ogenat imajhyiaminaethoxy)ethanolexanpl e G- C doubl e or triple bonds. Wen
pol yfunctional ketones are to be amnated, it is possible via the control

of the rea itQﬂe %81’6?5& Li4kte MPQ'BP@?Q%QEgo?&nﬁ?& AR5 venfih Qn%f ah6&RLs. cyclic
am nes or polyam nated products. . reterence 1s grven, for exanple, to
ani nat PAg! FORVRITRIIOREA PHegeqUIeR oyt ) Aehasic@nd areaicokaionas: 06 alhalg)
ket one, metkbiohey imaylbekstiaighe-chais dirahgHedroe ichylic; thetketones imdyecopmptise 3-

heteroatoms. The ketones may further bear substituents or comprise functional groups

which behave inertly under the conditions of the hydrogenating amination, for example

alkoxy, alkenyloxy, alkylamino or dialkylamino groups, or else, if appropriate, are

30 hydrogenated under the conditions of the hydrogenating amination, for example C-C
double or triple bonds. When polyfunctional ketones are to be aminated, it is possible
via the control of the reaction conditions to obtain amino ketones, amino alcohols,

cyclic amines or polyaminated products.
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35 Preference is given, for example, to aminatingly hydrogenating the following ketones:

acetone, ethyl methyl ketone, methyl vinyl ketone, isobutyl methyl ketone, butanone, 3-
methylbutan-2-one, diethyl ketone, tetralone, acetophenone, p-methylacetophenone,
p-methoxyacetophenone, m-methoxyacetophenone, 1-acetylnaphthalene, 2-acetyl-

40 naphthalene, 1-phenyl-3-butanone, cyclobutanone, cyclopentanone, cyclopentenone,
cyclohexanone, cyclohexenone, 2,6-dimethylcyclohexanone, cycloheptanone,
cyclododecanone, acetylacetone, methylglyoxal and benzophenone.



met hyl but an- 2-one, diethyl ketone, tetral one, acetophenone,

p- met hyl ac @Fdgll468one, p- net hoxyacet ophenone, m net hoxyacet ophenone,

1- acetyl napht hal ene, 2-acetyl 40 napht hal ene, 1-phenyl -3-butanone,

cycl obut anone, cycl opent anone, cyclopené none, cycl ohexanone,

cycl ohexenone, 2, 6-di net hyl cycl ohexanonéf cycl ohept anone, cycl ododecanone,
acetyl acet one, nethyl gl yoxal and benzophenone. PF 60463 22 Suitable

al dehydes usabhie a|d'&h9é|’& U¥aBleSA theiro ﬁi é&?ﬁo%g}tbfi’hé MVERidnCdte Airkder tHader  the

abovenent i ope requi sites, virtu hati c an
ey aos. B RGToreb e ity el a) Benatt ol grem e e oA itea or
cyclic; thallpﬂalieiamhsdemyla%bestrplghbmdrretbeamthed)nscych;dhalahﬂehyd@snaﬁy further

fﬁgrcgﬁgﬂ: b ehaEraRRm 'T%@r?g{éfﬁ%éé R r@#ur%?ﬂ@ﬁ' éﬂﬁbﬁbgﬂ%ﬁ&&n%g% tly under
al kenyl oxy M ﬁﬂ@ﬁ'&ﬁ?%@ V%Evcfb*?eiwawr";ﬂ#w “%‘P”%Pﬁ@ r@firogﬁﬁ Mpriate, are
hydr ogenat edinatidey fot Exancule dikoky redkenf/loky) ealkylesning endialkyignamo graupsror efser if
exanple C n f rsgket o

al dehydes Q Hi&}‘ég:% M%tfr?ga% u‘ﬁaer M@%Bncﬂlfs?érhé deiri'l\?ﬁ %Wﬁ%erﬁé&ﬁ?%ﬁ?aﬂgﬁ fok
reaction c@ﬁ%ﬁ'P'ie Q%‘b r&f'ﬁ’le Sﬂ‘i‘%éf{’%ﬁr&fﬁiﬁ}‘%dm%'& dehydes Apket Brad;o? Vé%?m nat ed
pr oductl®. lreafodxeeammated iyisymossibfeovia thecaupirel ofttioe eeactient corglitionsyalpbigenat i ng t he
fol |l ow ng h,ﬁl,ﬁﬁ de, propional dehyde,

n- but yr al d% é{Iel o) u} Ircaﬁﬁﬁ%/gim pI vgtl%a}pg&ﬂﬁ e, n-pentanal, n-hexanal,

2- et hyl hexanal 2- met hyI pent anal, 3-nethyl- pentanal, 4-net hyI pent anal ,

gl yoxal , b@mefatad\ee}'ejgiverpfom!xbmmjd)m\amlrﬂémwbydrogen&ihb&théaieﬂawihdelﬂethgdes:

phenyl acet al dehyde, (p-nethoxyphenyl )acet al dehyde, (3, 4-

di met hoxyp en | ) acet al deh 4- fqr t et.rahydro
5 For my Pt ol aRAs, SeR GRS, FEORGIAREISHG T H‘WTQBeh(W?vr'mWraﬁdehY%rrer al
acrol ein, rpamlabdaiwdelmperﬁamallmbemml 2;etioylhexahal, 2anethyiperntdedly8lenethyl-

3-neth I dehyd
e e T
gl ut aral de rRRg e e
hydr of or rryIdanaﬁomhgmw)@baﬂamhydei)dmrmwmmwﬂaﬂﬂmm}mwmtmgdmmamI at ed

ol i gomgp 23 fBR{)ﬁvd?é‘rGa e r&h&ﬁﬂ&syémg jacPcﬁé\E %ﬂ&h?%le?ﬁ%ﬁ@?fd?ﬂ@%ﬂscnt@{] dehydes

am nat i ng age S use am natron 0of
or ketone§q waq*@vﬂee%mﬁwxwrowaalég@we JAMHRORSPRIARAINRMWESNi a or prinary or
secondary, hyaiokm@etlaIdelwdepwmwajlolp}bpbnaldehycﬁr dinstihydol Bty ratcehydé, fWienal t he

Zrlagﬁ;ijggggg’%%' @ﬁﬁﬂalh%ﬂ%ﬂ'I-@drotf&ﬁlyf’alt&&ﬁohferg'w& %I}é'ﬁwe%?#%xgﬁmlpl Tary ani no
groups (- formul@tqs#chgb%ﬁﬁer{eolwﬁeeutemmyﬁe»orrfygeqfomlﬁe«ﬁ9 gaeer al cohol

or al dQBydebwinedmytméletﬁeelsgjf\ﬂ@ane@fdrdysbﬁélﬁlEﬁ@ secondary amine and this
may in turn react with further alcohol or al dehyde or ketone to give the

correspondi_ng, prefer ablty _ ) o
The aminating agents used in the hydrogenating amination of alcohols, aldehydes or

ketones in the presence of hydrogen may be either ammonia or primary or secondary,
aliphatic or cycloaliphatic or aromatic amines.

30  When the aminating agent used is ammonia, the alcoholic hydroxyl group or the
aldehyde group or the keto group is initially converted to the primary amino groups (-
NH2). The primary amine thus formed may react with further alcohol or aldehyde or
ketone to give the corresponding secondary amine and this may in turn react with
further alcohol or aldehyde or ketone to give the corresponding, preferably

35 symmetrical, tertiary amine. Depending on the composition of the reaction mixture or of
the reactant stream (in continuous mode), and depending on the reaction conditions
employed - pressure, temperature, reaction time (catalyst hourly space velocity) - it is
possible in this way to prepare preferentially primary, secondary or tertiary amines as
desired.

40
In this way, it is possible to prepare, from polyhydric alcohols or di- or oligoaldehydes
or di- or oligoketones or keto aldehydes, by intramolecular hydrogenating amination,



35 symmetrical, tertiary am ne. Depending on the conposition of the reaction
m xture or Rif60468e reactant stream (in continuous node), and dependi ng on
-the reaction conditions enployed - pressure, tenperature, reaction tine
(catal yst hourly space velocity) - it i possible in this way to prepare
preferentially primary, secondary or teftiary amnes as desired. 40 In this

‘way, it is cpeigsaniihes,for gxaaipis gyrrdlidings, piberitis| bexanmiindérseinines] piperazines
ol i goal dehygas, mBﬁol s or oligoketones or keto al dehydes, by intranolecul ar

hydrogenating a on, PF 60463 23 cyclic amnes, for exanple
pyrrolidines, piperidines, hexanethyl enei m nes, piperazines and

nor phol i neds well asdrhmaniaatheaminatinghegeats mtjimny eqpailly be psmdnnenyseeqoddryy be
prinmarygsor gegandary 5 amines. These ami nating agents are preferably used
to pr epare unsymetrical ly substituted di- or trialkylamnes, such as

et hyl di i sopropyl am ne and et hyl di cycl ohexyl am ne. For exanple the follow ng
nono- and dihaké&gminating agemte atsmfaablauisemtoi mgpargem‘s;smnﬁﬁica’dmmtmtitwéchdﬁ ne,

o oy RS (T A ARl o
Uty an sapl o ol and SRUNATRER 8T Uediss mlp%a?ﬂ@%

i sobut ylDamnnm’gometlp,éammbadlmeﬂ";ylamme,enbr}dmlammej @eﬁhglanyﬁamwmepylmmwll- am ne,
s-hexyl am ngyrg ﬁmrﬁéxhéb 9|%m|nec¥iﬁé Yérﬁiﬁb ﬂé’o ré‘;EWéth Bmi uii&iRine

bt b er ence i BATBNGCY gtv ton S oo Ahan Etv ana?e éﬁg%l oo
nor pho! i ne p(ehtytamlnmnsxment)dnimgé,ym:bé))ylamme,cmhexytmln|gé,ysm>hexylammphoI i ne and/ or
6. di et oyl o e il S etk RRY o s PERIRI®) Ly )

triet hQ am ne 20 (from et hanol and diet hyI am ne (DEA)) di met hyl et hyl am ne
ETI) ; gmcet4 hglrmhlnemurebmyi wﬁfﬁpa(rt[ﬁdat—méﬂepdn):erby[ﬂlrmpnoness(dacordlr[g% then?gl/ﬁgt(ij?nm o
rmnoE o % ﬁé}e "%r%ﬁé'mg fr%%d?&%c? ! %@Eé’?&f %g@é'ﬁ%al A(Trom
N- ( 2- ani noéfl Hlﬂrg ?fﬁﬁ@&f 'QHB( N ﬁ"lﬂ (from
di et hanol arﬁ—dimemytlhmm@t)exanplN (fmmt’ee)taylbplomememy(afmmer(li\ﬂ trlethylamlne
Bt by 0RO el ) benaRarne (RRRbIARS oy,
arrrmn?/a) , i\i @ y rh%)hﬂ %Wf%“ﬁ‘é Dn#l% ?égpﬁad?ﬁﬁﬁyi ga}\d'@b“m 2- et hyl hexanol
and NH3), alkyi)dipesidinerfram arﬁdpenta;r(etdrol dod yiona(Gnealiy) ammet )y piperazinelandfod NH3) ,
n-octyl an Q:%th)tléﬁé!ﬁ&lﬁmegbémﬂg (FRAINNERBInindet Ayl AR RE | AR ARarldf rAfonia),

2- hydr oxyprr\?m/ hylplperazme from iethanolamine and MMA), N,N’-dimethylpiperazine (from N-

25 methyldiethanolamine and MMA), 1,2-ethylenediamine (EDA) and/or
diethylenetriamine (DETA) and/or PIP (from monoethanolamine (MEOA) and
ammonia), 2-ethylhexylamine and bis(2-ethylhexyl)amine (from 2-ethylhexanol and
NHa), tridecylamine and bis(tridecyl)amine (from tridecanol and NHs), n-octylamine
(from n-octanol and NHa), 1,2-propylenediamine (from 2-hydroxypropylamine and NHs),

30  1-diethylamino-4-aminopentane (from 1-diethylamino-4-hydroxypentane and NHzs),
N,N-di(C14-alkyl)cyclohexylamine (from cyclohexanone and/or cyclohexanol and
di(C14-alkyl)amine), e.g. N,N-dimethyl-N-cyclohexylamine (DMCHA),
polyisobuteneamine (PIBA; where, for example, n~1000) (from polyisobutenaldehyde
and NHas), N,N-diisopropyl-N-ethylamine (Hiinig's base) (from N,N-diisopropylamine

35 and acetaldehyde), N-methyl-N-isopropylamine (MMIPA) (from monomethylamine and
acetone), n-propylamines (such as mono-/di-n-propylamine, N,N-dimethyl-N-n-
propylamine (DMPA)) (from propionaldehyde and/or n-propanol and NH3 or DMA),
N,N-dimethyl-N-isopropylamine (DMIPA) (from i-propanol and/or acetone and DMA),
N,N-dimethyl-N-butylamines (1-, 2- or isobutanol and/or butanal, i-butanal or butanone

40 and DMA), 2-(2-di(C1.4-alkyl)aminoethoxy)ethanol and/or bis(2-di(C14-alkyl)aminoethyl)
ether (from DEG and di(C1.4-alkyl)amine), 1,2-ethylenediamine (EDA),
monoethanolamine (MEOA), diethylenetriamine (DETA) and/or piperazine (PIP) (from



30 1-di et hyl am no-4- am nopentane (from 1-di et hyl am no-4- hydr oxypent ane and
NH3) , N, NP @0463- al kyl ) cycl ohexyl ami ne (from cycl ohexanone and/ or
- cycl ohexanol and di(C, .4-alkyl)amne), e.g. N, Ndinethyl-Ncyclohexylanm ne
(DMCHA), pol yi sobut eneam ne (Pl BA; wherg for exanple, n-1000) (from
pol yi sobut enal dehyde and NH3), N, N-dii é propyl - N-ethyl am ne (Hunig's base)
' Ell‘wrv' orF?Ag\l E\I;ﬂndr@emyremlgmlbrwm) andcaramohia), dedidmino-BieraidxapttalNe iandfor opyl am ne
0,

tono- /i - n- AR RN P tatthe AR f8iYend NcBPY T A
pr opi onal déwegoehavpmpwanw%bhﬁeth%waowpeylw IPA) (from 1-meéthoxy-
N, N- di et h)ZLprbbar&man@amhwnﬁa)a\l(c@beMecﬂiz Mmetpylnwmllnamﬂdemomﬁt(m and

B N
|-bLt anal gélgﬁda%%%rﬁe n '23%3 ?%T’"?&W W.JOH thanol
and/ or bi sézofauceﬂ:e%w&ﬂwlppa/ﬁm% W)and@[nwaﬁame)r rB%pBEe“‘Qﬁa cohosa
di (CL. 4- al kyampler polpethylede glyedispt ﬁmﬂﬂommglyﬁﬂu\havmgmmmﬂemmmtme (MVEQA) ,

di et hyl enetyd 8%o b %ﬁgb%olpfhg‘?sb%i%dgﬁ ﬁyéﬁ%&@npg £O8B3in%Ble,

nonoet hyl ene g ( xaoct ane and/ or
1- ani no- 8- fYfdAxaRples upderitax Hadename R’EM?%% P0G, 2990, 54%%1 Q0PREP N
ammoni 4, BRSFet hoxy- 2- propyl am ne (1-net hoxyi sopropyl am ne, MJ PA) (from

1- net hoxy- 2-propanol and amoni a), N-cycl ododecyl -2, 6-di net hyl nor phol i ne
(dodenor ph %rpom 5 cycl ododecanone and/or cycl ododecanol and

2,6-dinmeth oI ine), polyetherami ne (from correspondi ng polyether

al cohol and ammoni a). The pol yether al cohols are, for exanple, polyethylene
gl ycol s or E&g@égppyl ene glycols haV| ng a nol ecular weight in the range
from20 t Rillp%/rp) , the corre 2‘%"8%& t%Qamnes are obtai nabl e,
for exd reﬁ?r'iﬁ Qﬁ@""ﬂ?%ﬁ’ﬁé’ﬁ% ! o GEOMPAGHIVEr T5000 from
10 BASF. Examphmt ac&rdmrglteEP-ASGB’@éﬁ)ar ation of am nation catalyst 1 (based
on Ni-Co-Cu/Zr02 = conparative experi rrent according to EP-A-963 975). An
aqueous solution of nickel nitrate ¢ |t nitrate, copper, nitrate and

S Con; um ARGSUEPES SN <! SKE| Blate SRR P oBReT RIFSRIZE IOy e oh
of CoO 0. @dbtatrywhilld corapised D89 %@ veright 2f BIKYH 9 %ably yreighd fof Zo072 01886 by

preci pibhat g g A a) aesqu. ﬁgﬂg @&Is reamw th a
20% aq&gous sg'ﬂ %%Egar eolﬂfl%?b/ o 0 ﬁg&z%% g |'téie<§13 FI C\,ﬁf]n such a way
rd

that the pRiTREYesFeLA %Otnﬁta& a%ueoa S? 'Hm %EO’}?&? RN a The
resul ting dempaatireof HEE ih lsUd:haa ey dimed thehpgH f measuredvidh awapassaddodadde yoft 0

demi ner al . z\e@ HEhined “Thé refsmﬁn E%én'sﬁﬁ'wa%‘m@#éﬁtd 'thé! @ércéntbewéé WhERiE Vas
approx. 218 ié merallze% water untﬁﬁe electrlca conduct|V|t (o) the tra?ie was a nper ature o
150C in a y PP
25 20pS. Thereafter the filtercake was dried at a temperature of 150°C in a drying
cabinet or a spray dryer. The hydroxide-carbonate mixture obtained in this way was
then heat-treated at a temperature of from 450 to 500°C over a period of 4 hours. The
catalyst thus prepared had the composition: 28% by weight of NiO, 28% by weight of
Co0, 11% by weight of CuO and 33% by weight of ZrO,. The catalyst was mixed with
30 3% by weight of graphite and shaped to tablets. The oxidic tablets were reduced. The
reduction was performed at 280°C at a heating rate of 3°C/minute. Reduction was
effected first with 10% Ha in N2 for 50 minutes, then with 25% H. in N2 for 20 minutes,
then with 50% Ha in N2 for 10 minutes, then with 75% Hz in N2 for 10 minutes and
finally with 100% H: for 3 hours. The percentages are each % by volume. The
35 passivation of the reduced catalyst was performed at room temperature in dilute air (air
in N2 with a maximum O2 content of 5% by volume).

Example 2

The catalyst was prepared analogously to catalyst 1. However, the amount of nickel
40 nitrate and cobalt nitrate was changed accordingly. In addition, ammonium sulfate was

incorporated into the still-moist filter cake, so as to obtain the oxide mixture specified

below.



cabinet or a spray dryer. The hydroxi de-carbonate m xture obtained in this
way was tIRErB0463t -treated at a tenperature of from 450 to 500C over a

- period of 4 hours. The catalyst thus prepared had the conposition: 28% by
wei ght of NiQ 28% by weight of CoQO 11_.% by wei ght of CuO and 33% by

wei ght of ZrQ2. The catal yst was m xed th 30 3% by wei ght of graphite and
"shaped to fTablcatatyst fHue obtairdidchadethé edbrmpositien assshowevin TEbe |. r educt i on was
performed at 280C at a heating rate of 3C/ m nute. Reduction was effected
first with 10% H2 in N2 for 50 minutes, then with 25% H2 in N2 for 20
mnutes, EHBMPRIN 50% H2 in N2 for 10 minutes, then with 75% H2 in N2 for
10 m nut es Tasdatdyshaias prepatdd drzldgokiRly fto catalybio2i Howelee theamenttzafesckar e each %

by vol uge. e 38 BARRINS Was Shahdl SEINARE. TRLAING], fokighf or med at room

t enper ature I'n al r(air content of 5% by
vol une) . EQMTOQGQPW algt Syg?oraa@te&rlawh%at"bwausgﬁb%ﬁ%w 8028 it Ahtgieithg
However, t lozidemmixtate sgecifiedibelow. e matatyst 8 thruschbtaibed hadthiercargposition akanged
accordi ngI Béh Wi irfeflehid | Lon anmoni um sul fate was incorporated into the
still-moist filter ca so as to obtain the oxide mxture specified below
PF 60463 25 The catal yst thus obtained had the conmposition as shown in

Tabl e HO [Examplesd 3 The catal yst was prepared anal ogously to catal yst 2.

However, t e AR wak pRIaE] ana'iodyu dé@  eafaljdh ZIRMHdvoiths BnBLES: ridhanged

TR MY GO R M

specified lwasomorﬂ'dratedamtaItbsstlllanmbtfﬂtemaka;sreabﬂmaabtalhma:mmﬂmml)ﬁmren as shown
in Tabl s éﬁﬂé@(@é@}veﬂ% fﬂ?iﬁyﬁqttﬁhéléﬁtama haagp%gcgﬁ?mnmw ih Faplal yst

2. How% e anount of n nitrate an t nitrate was changed
accor di'fgl y In addition, a solution of boric acid was incorporated into
the still-Mxespledd|tercake, so as to obtain the oxide m xture specified

?g' E;vangrgm tc%{a‘!)%i wﬁ!s F&b%ré?pér?dl sl %’c&tﬁ sP??rFIPcQ/%v%P QRe ﬁﬁloﬁﬁl%‘f”hldkﬂl Tabl e 1.

Ho
the amount faT%Peiwba'l?n'tf%ts siehangs a”ﬁnéfﬁ & ¥ b MR S |
addi ti on, rdditionatlydidded to theaitraie solatiah, sb @sdd bptaadbe@xtde noiktsirenspacified

sol uti 9p, %RIAS The cgtaiy@t 5 tH3bPaihétenat Fh%%ﬁwp%@iﬁ&h Es §Hov%9mbféupéﬂ4 The catal yst
5 thus obtained had the conposition as shown in Tab . Exanple 6
Example 6
The catalyst was prepared analogously to catalyst 2. However, the amount of nickel
nitrate and cobalt nitrate was changed accordingly. In addition, gallium nitrate was
25 additionally added to the nitrate solution. The catalyst 6 thus obtained had the
composition as shown in Table I.

Example 7

The catalyst was prepared analogously to catalyst 2. However, the amount of nickel
30 nitrate and cobalt nitrate was changed accordingly and antimony oxide dissolved in

concentrated aqueous KOH was additionally added to the 20% sodium carbonate

solution. The catalyst 7 thus obtained had the composition as shown in Table I.

Example 8

35 The catalyst was prepared analogously to catalyst 2. However, the amount of nickel
nitrate and cobalt nitrate was changed accordingly. In addition, lead nitrate was
additionally added to the nitrate solution. The catalyst 8 thus obtained had the
composition as shown in Table I.

40 Example 9

Amination of diethylene glycol (DEG)



The catal yst was prepared anal ogously to catalyst 2. However, the anmount of
ni ckel ni PFA0468nd cobalt nitrate was changed accordingly. In addition,
-galliumnitrate was 25 additionally added to the nitrate solution. The
catal yst 6 thus obtained had the corrpoggti on as shown in Table |I. Exanple 7
The catal yst was prepared anal ogously t6”catal yst 2. However, the anmount of
"nickel 30 nitrate and cobalt nitrate was changed accordi ngly and anti nony

de di h
2056 sodi um Q4 heredtifs ?’“ﬁ{a%ﬁgﬂlﬁ@w“ﬁ %Pﬁonga@%rasé Bp 18 bpafiEg 1O the
Conposi t i oﬁ"%y%%‘iﬂﬁ |"'ha 786 md aptoc aEﬁ&?ﬁ?F'?ﬁerSV' B Ohef CH%H‘)QPS}%Q YeRls prepar ed
anal ogous| 0.6 med)t 34 gsof liGuid bioweorger (2 hbok wereaddedad thie réaelnon nmix!tural andathd cobal t

nitratezwa I i o additional ly
added tg t%e n%togat s?@&ﬁég’\ﬁﬂ h¥qrh B ?@?{?B raéhgri gégj@b ai ne dC‘t he

conposi ti oﬁyﬁ@g%&ﬂﬁagﬂ'"TféiB‘FtEd’la"dzibe EBE%!rPﬁ?@UEP R§e had 8Qn 280 bar- érthﬁyl ene gl ycol
(DEG PF 6@46)3@6wak@ulgaoiowﬁéorrmihmﬁdmmstimhgon catalyst in the form of

appr ox. Wi I e
t oget her 1& i N gﬁ“ég@g %@"%cﬁ%a@?@”%@a‘;‘%mma
(2 nol) wel ?'GQE%’QYr é'B'FBHfHQF%t% @m "S- gEnine; Cg?a?%'é‘

i nj ectdd wwiith ahtgchpegturetppodr@mbafy 8GIG¢H Svamutsd, heat26029D° OﬁwltlﬂﬁGlemhlyzd,ratgen was
again inj e%ggq“$ gga total pressure rose to 180 - 200 bar. The autocl ave
was run at é hours wth stirring. At different tines, sanples of
the reacti dRe ﬁPWB?'BOR‘ABfrtBe f %HBW%%F“&H&W‘EEQ? fagthecatalystopf Exampleshig ®gr aphy.
For this peapbed¢aken fidbn MaBI&T.X-5 am ne" GC col umm was used, 10 with a
tenperature programof: 80C/ 15 m nutes, heat to 290C within 30 m nut es, at
290C/ 15 minutes. The conposition of the resulting reaction m xtures for the
catal ysts of Exanples 1 to 8 can be taken from Table I. PF 60463 27 wd OR
to 00 Q(~-d) rr NO rr 000000 c W
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O'UL 0- PF6046BL O E2 ON O t() I(') OOOOOMmM rerrr (CC/ (VM
+O0E NZNMMMMMc CO( U mTCw NN%r NMtoto NOCUFEDOQ CD
W I- 0 OQPF 60463 28 Wbrkup: The pa ticular pure products can be
obtained fromthe aqueous crude materia by 5 rectification under reduced
“pressure, standard pressure or elevated pressure by the known nethods. The
pure produgy %%;e obtained either directly in pure formor as azeotropes

wi th water. Aqueous azeotropes can be dewatered by a liquid-liquid
extraction with concentrated sodi um hydroxi de solution before or after the
purifying Tetepatticuat pore. préliusits tdralhe vistaitheddoar the queocusheuge emtarials nf an

azeo”og'enge&nﬂ@é}b %dEPl%WUc?dl&ﬁgﬁ}rQ%‘iénda'%d e%Q%rQ%?%'IéjEFe madr@séu@{" fs gre that

the cru erla or barely

wat er - ni scikBPWN methogs. the PUF&&M‘@F% #§q ?"éﬁds%thﬁb%?%'b’é“ ByredoRBEPSit i on of
t he or gani azewtrbpesiwithiveatergAquesusiazasteoins dandwrdevmtémdst)y alliguidsleidusi on:  The

perfOr”anc%v\ﬁécfti%ﬂqmtdoﬂ&lﬁﬁatté’d %c?otuﬁnfﬂ o?ﬁ@’éo@h&ﬁ"béfo r't Jhf w@fver the

P hen car o islation: Bististve cRuatens JURe sFessars Pfﬁﬂagztﬁfﬁ@%a%em oy knauty

ani mat 10n preatioldstis alsb pessiblem ¢ i nterest, such as am nodi gl ycol, has been

i ncreased Wtr@%aealtnafiw&tae ARG brcthta%wb Je%'nf.n@&tﬁee Vuﬁ]fatrﬂétenah@b%f' yst.

Furthernore, the exte esired
by the contNagr- 'PC'E’& E@k?‘ ldﬁ‘é(ﬁﬁ‘"g fispeessihie M@é&pﬁrﬁt'?%e %‘Sé’ég?rl"‘ca"‘%ontents

of S, P, Bofihe aquedlis pitase bgtknawd niithodd- 60463

15  Conclusion:
The performance of amination catalysts has been significantly improved over the prior
art while maintaining the good catalyst activity by altering the chemical composition of
the active composition. The yield of linear animation products of economic interest,
such as aminodiglycol, has been increased by establishing a specific low cobalt

20 content in the catalyst. Furthermore, the extent of undesired decarbonylation, which is
determined by the content of methoxyethanol, has been reduced by the specific
contents of S, P, B, W, V, Nb, Ga, Sb and Pb.



29 Cdainms 1. A process for preparing an anmine by reacting a primary or
secondary ®F®&f468, al dehyde and/or ketone with hydrogen and a nitrogen

- conpound sel ected from 5 the group of amonia, primry and secondary

am nes, in the presence of a zirconium géoxi de-, copper- and

ni ckel -contai ning catal yst, wherein the““catal ytically active conposition of
"the catal yglaimbefore its reduction with hydrogen, conprises oxygen
conmpounds of zirconium of copper, of nickel, in the range from1.0 to 5. 0%
by wei ght of oxygen caonpounds of cobalt, cal cuI ated as CoO, 10 and in the
range fr om!0. 2ARECEESgIRRFeRFINGAN W'”SW@@P"HBMW%?G%H%%W ol of

ni obi um of subfdehydmndt@dmwmm hyafrogiml driduamnitrofierbcompounaf selectegsfren,  of

| ead apd/or o q H2SO4,
ap0r, Saz0, AP HRmmBe Hib ol deCaany el in g Brpsbhiictie (707
according to ¢ PHGaRIUM lﬁl’i@@elcﬁp?ﬂea%f"ﬁi‘%@& NiRg gaip %‘ewéﬁrr%'b@?tl on of the
cat al yst, bef ocatalyticallyesdtivg camposition dfyior cegalpst, beforer itsseductiontwith hymlrtmnf rom

0.3 to 4.0% by, h%toﬁé?r%éfrﬁﬁﬁmﬁgW?\'l%b‘fllﬁjrr?fof\ﬁ&?éi’h&rﬁlc@ nﬂh‘é of

sul fur, of phos or us and/ or of

antinmony, cal emal @M%@ewe@a&@ OXYI&PEUNPYYHSESf c%cﬁ Q%ﬁ%os
B203, Y03, PbOan@ih thedarigeeEn 0stoac0 % \bylweighd .of EEk;@eproomsn@s:cfoxaﬂamgm,o claim

1, wherein theoﬁﬁéﬂlhméhf:&h#uy d?f)ﬁbééﬁloﬁﬁnﬁpg‘élﬁdrﬁrbf bron! gﬁgﬁé‘étéﬁ yo‘fz)(% gefore its

reduction with by wei ght

era
of oxygen conp80#@s° ntingRy %H?aﬁ‘# Q?Blcﬁﬁ?agg/ ?‘fha 5 '1915025H?:ﬁ%ph0rus of
gal lium of boGap0s,d,0tWNGs RO and Sbéddesputticely.of anti nony, calculated in
each case as V205, Nb20b, H2SO4, H3PO4, Ga203, B203, W3, PbO and Sh203

respect ver The roces accordln to any of clains 3, Wherein the
Catalvitbearly ThePleoBsBCauipek rn drarsia e selpl sy pet miesiBBdtct i on
wi t h hydr ogen, theocgtalystelsefore itshreduatian géthfhydrogén Scanaprises % the rasgegindom @3 oxygen
compounds of cebally brdb Héat&g@co%dggﬁé}%d IR LR U AL, b0 any of

clains 1 to trv

n
catal yst, bef OPBO?F’ché’WseB "NS'F} PR NG rqr‘g&o?ﬁ"'irﬂ%ny’range from
2.0 to 4.0% by caleiulgted mbadxymrasdthmapmlhms HiS@H blPO,, Ga0sUBA:eWCGsPbCoO. 6.

The progess acgpga@hng, feQ @&Megf t he preceding clains, wherein the
catalytically 4 actlve conp sition of the catalyst, before its reduction

wi th hydrogen, conprises in the range from46 to 65% by wei ght of oxygen
conmpounds &f ziThe prooess acadrding & edimas, ine@in the catalytically active composition of

the catalyst, before its reduction with hydrogen, comprises in the range from 0.5
to 3.0% by weight of oxygen compounds of vanadium, of niobium, of sulfur, of

25 phosphorus, of gallium, of boron, of tungsten, of lead and/or of antimony,
calculated in each case as V.05, Nb,Os, HoSO4, HiPO4, Gaz0s, B2O3, WO3, PbO
and Sb;03 respectively.

4.  The process according to any of claims 1 to 3, wherein the catalytically active
30 composition of the catalyst, before its reduction with hydrogen, comprises in the
range from 1.5 to 4.5% by weight of oxygen compounds of cobalt, calculated as
CoO.

5.  The process according to any of claims 1 to 3, wherein the catalytically active
35 composition of the catalyst, before its reduction with hydrogen, comprises in the
range from 2.0 to 4.0% by weight of oxygen compounds of cobalt, calculated as
CoO.

6. The process according to any of the preceding claims, wherein the catalytically
40 active composition of the catalyst, before its reduction with hydrogen, comprises
in the range from
46 to 65% by weight of oxygen compounds of zirconium, calculated as ZrOo,



PF 60463 30 5.5 to 18% by wei ght of oxygen conpounds of copper, calcul ated
as CuQ, antPF 604680 45% by wei ght of oxygen conpounds of nickel, calcul ated
-as NNO 7. The process according to any of claims 1 to 5, wherein the
catalytically active 5 conposition of t?& catal yst, before its reduction

wi th hydrogen, conprises in the range om 47 to 60% by wei ght of oxygen
“conpounds of zBEctonidsby waightibfaixggerasondpdihds ob coppet,adldujatedag TUOOENdXygen

conpounds of - coRe ks SRR ot Qoo o le? ARSI SR, of oxygen

conmpounds of nickel € 'process according to any
of claimse 1 to 5 wherein the catalytically active conposition of the
cat al yst, Bef offke ptacesedesrding tordriynofltjaimedda 5, whenein the catalyticaily aotraege from

48 to 5§% by W‘ébrﬂp ﬁ?& SRS Eataly Q{TB%F@ES Refdu InGRH WBro%?Jég{a'ﬂn?ﬁéé%

15 7 to 14% by we oxygen c¢onpounds o copper O and
30 to 39% by \A@"@ﬁt A oxygen conpounds of nickel, calculated as NiQ 9. The
process accor ddid¢o 60%dyyweifhtidfiexyyenaadipogndd aﬁmonruimecabmiateheasrmoa,r rati o of

i ckel 0
Rcording to nouo 4 tiwaBhedr SRl é”s‘i%fper?g‘m%ﬁ“@?e# caktiaich o ‘?. 25 et ve
conposi tion of 2 gl‘\% %étbarwsht&éeéqutcoamwﬁri%@f niee! (oglch|ated H?Q)r rut heni um

25 11. 10he process according to any of the preceding clains, wherein the

catal yti calgly Tgbotess BERRTH Lot ddifhs 36 3| WALrefios cagk ytregrgpoerdt.ég any iron

and/ or any zin ess wher ei n
P o e ngompagionel thbhaiauRt PRIGraRS ferdctof i aredsss copprisssip e any

further catal ytangelffiomacti ve 30 conponent, either in elenental or in ionic

form 13. The QB?&Sﬁ%ﬁg@&gﬂ'd?Bxy‘@gtur é)‘&Lnaé‘ i%SﬁrGHr' ?Qc&lh%@%z%erei n the

reactlgg g 3 ran C. 35 14.
The prdeess acddPdf %‘Be'gtr‘rtyp WVQWOHFF@HB $ A Qﬂpﬁf Cu %qgu h@% eact i on
is perfornmed 30te B@%Ibqurghtpiﬁaxygemcompoabe@bimﬂ(eproamlatm asiNidhe range from
5to 30 MPa or in the gas phase at an absol ute pressure in the range from
0.1 to 40 I\/Pa 40 15. The ro ess gccordr n to, an recedi ng .cl ai ns,

Mherern tne anThE Proceis BRaRAING I S I PRRINS QIPTS WheseinThe TOERIBE t o 100

ti mes the nol anickelifocoppdrarsthe catalydtés greatehthlan 1al dehyde and/ or ket one used.
20
10. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst does not comprise any rhenium and/or
ruthenium.

25 11. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst does not comprise any iron and/or any zinc.

12. The process according to any of claims 1 to 9, wherein the catalytically active
composition of the catalyst does not comprise any further catalytically active
30 component, either in elemental or in ionic form.

13. The process according to any of the preceding claims, wherein the reaction is
performed at a temperature in the range from 80 to 350°C.

35 14. The process according to any of the preceding claims, wherein the reaction is
performed in the liquid phase at an absolute pressure in the range from 5 to
30 MPa or in the gas phase at an absolute pressure in the range from 0.1 to
40 MPa.

40 15. The process according to any of the preceding claims, wherein the amine
component (nitrogen compound) is used in from 0.90 to 100 times the molar
amount based on the alcohol, aldehyde and/or ketone used.



PF 60463 31 16. The process according to any of clains 1 to 14, wherein the
am ne conp@®ree0463( ni t rogen conpound) is used in from1.0 to 10 tines the
.mol ar anount based on the al cohol, al dehyde and/or ketone used. 5 17. The
process according to any of the preceding clains, wherein the catalyst is
arranged in the reactor as a fixed bed. 318. The process according to any of
“the preceding clainms, which is performed 10 continuously. 19. The process

P eclB or T PESEES i#ﬁ%ﬁiaﬁk%e@ﬁ%%h‘?(}? 34 BPEleR e Tt HERPEEL ccoai ng

accordin
t ubul ar

cl ai ms, wher ei fnitragen exrapoUnNd

isj used rf semde0 fonTQtigge the rgelar amewdPased on The

process accor dithgalcehdaldéHyde Rader ReHe b8e! ai s, wherein the al cohol,
and/ or the ketone is used as an aqueous solution. 20 22. The

process“according to any of the preceding clainms, wherein the ammonia, the
primary or Wecdh@drgcesaiageordingdie eny akthe precgdivg slaigs] wingrein the gatatystispr ocess
according to aryrafifed MtheF&Re}aRG fidedibed. f or preparing 25 nonoam nodi gl ycol
(ADG) and norpholine by reacting diethylene glycol (DEG wth anmonia. 24.
The process according to any of clains 1 to 22 for preparing N (CL.4-al kyl)-
nor phol i ne 1By rlgdreeass @ceartippdmanypiibe rqoericg oaimp. Wiielh seerfermedy| ) ani ne.
30 25. 1phe pr omﬁﬁmmgg_rdi ng to any of clains 1 to 22 for preparing

2-(2-di (Cl. a- al kyl)am noet hoxy) et hanol and/ or

bi s(2-di (Cl-4-al kyl )am noethyl) ether by reacting .diethylene glycol (DEG
wi th di (C1-18- alTlogipreessa@ccardingdo therse cJaimy wherein g neactionyis effeetedine 1 to
22 for prepari ngubnigoeabenol am ne  (MEQA) and/ or 1, 2-et hyl enedi am ne ( EDA)
by reacting nonoet hyl ene glycol (MEG w th ammnia. 27. The process

aldehyd%

according to a

ny of clainms 1 to 22 for preparing 1, 2-ethyl enedi amne 40

(EDA) By r ikt i%g RieeRSSE BReeTding e AkhqroEths) twiprecesingsiains, whersiutbs reactiong.  The
process accor diigigfféctediia fclecdarimidthddt o 22 for preparing a pol yet heram ne by
reacting a correspondi ng pol yether al cohol w th ammoni a.

20

25

30

35

40

21.

22.

23.

24.

25.

26.

27.

The process according to any of the preceding claims, wherein the alcohol,
aldehyde and/or the ketone is used as an aqueous solution.

The process according to any of the preceding claims, wherein the ammonia, the
primary or secondary amine is used as an aqueous solution.

The process according to any of the preceding claims for preparing
monoaminodiglycol (ADG) and morpholine by reacting diethylene glycol (DEG)
with ammonia.

The process according to any of claims 1 to 22 for preparing N-(C1.4-alkyl)-
morpholine by reacting diethylene glycol (DEG) with mono(C+.s-alkyl)amine.

The process according to any of claims 1 to 22 for preparing 2-(2-di(C1-4-
alkyl)aminoethoxy)ethanol and/or bis(2-di(C14-alkyl)aminoethyl) ether by reacting
diethylene glycol (DEG) with di(C14-alkyl)amine.

The process according to any of claims 1 to 22 for preparing monoethanolamine
(MEOA) and/or 1,2-ethylenediamine (EDA) by reacting monoethylene glycol
(MEG) with ammonia.

The process according to any of claims 1 to 22 for preparing 1,2-ethylenediamine
(EDA) by reacting monoethanolamine (MEOA) with ammonia.



29. The process according to any of clains 1 to 22 for preparing piperazine
and/or 5 @AFR60WE3enetri am ne (DETA) by reacting N-(2-am noethyl)ethanol am ne
(AEEA) with ammonia. 30. The process according to any of clains 1 to 22 for
prepari ng pol yi sobutenam ne (PIBA) by reacting polyi sobutenal dehyde with
ammoni a and hydrogen. 10 31. A catal yst 32yherein the catal ytically active

conposi ti orpgof Thegrédtissla¥edrding®d 8 of 6I§msf1616122tfbp;5\'e]bbﬂiﬁg apelyeserbmifOBPr i ses

oxygen compoun in the range from1.0

ds_of zirconiu of .c er f.nicke
Lo . 0% by wei 47289 Aegahorkinaayalaet dconghikity a™Menia,  'at ed as GoQ and in
the range fromO0.2 to 5.0% by wei ght of oxygen 15 conpounds of vanadium of
ni obi um of2gsultherprodtss RBESTEAG keI 8ny 6f claiftis! 1 taD2 f6f preparirpip&azing@adiogn, of

IR TG i o o e B
according to tNéthgnewedang claim which is as defined in any of 20 clains 2
to 12.

30. The process according to any of claims 1 to 22 for preparing polyisobutenamine
(PIBA) by reacting polyisobutenaldehyde with ammonia and hydrogen.
10
31. A catalyst, wherein the catalytically active composition of the catalyst, before its
reduction with hydrogen, comprises oxygen compounds of zirconium, of copper,
of nickel, in the range from 1.0 to 5.0% by weight of oxygen compounds of cobalt,
calculated as CoO, and in the range from 0.2 to 5.0% by weight of oxygen
15 compounds of vanadium, of niobium, of sulfur, of phosphorus, of gallium, of
boron, of tungsten, of lead and/or of antimony, calculated in each case as V.0Os,
Nb2Os, H2SO4, H3PO4, Gaz03, B203, WO3, PbO and Sb20Osrespectively.

32. The catalyst according to the preceding claim, which is as defined in any of
20 claims 2 to 12.
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