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US 4,152,353 (Dow) relates to the amination of alcohols, aldehydes or ketones by

means of specific NifCu catalysts, which comprise Fe, Zn and/or Zr.

30 EP 382 049 A1 (BASF AG) discloses catalysts which comprise oxygen-containing
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 seiectivity, they exhibit

35 lifetimes in need of improvement.

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%

40 by weight (or 22-45% by weight) of oxygen compounds of zirconium, 1-30% by weight
of oxygen compounds of copper and in each case 15-50% by weight {or 5-50% by
weight) of oxygen compounds of nicke! and cobalt.
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60472 3 toxic, can be renoved from norpholine only with difficulty
owing to it SSIW@'I% European patent applications with the same filing date (all BASF AG) relate

to particular zirconium dioxide- and nickel-containing catalysts and to their use in
processes for preparing an amine by reacting a primary or secondary alcohol, aldehyde
30 and/or ketone with hydrogen and ammonia or a primary or secondary amine.

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
35 formed as an intermediate) at elevated temperature in the reactants (alcohols,
aldehydes, ketones). The formation of methane by hydrogenation of carbon monoxide
(CO) leads, owing to the large amount of heat of hydrogenation released, to a
"runaway risk”, i.e. an uncontrolied temperature rise in the reactor. When CO is
scavenged by amines, methyl-containing secondary components are formed.
40
In the amination of diethylene glycol (DEG), there is, for example, an increased
tendency to form undesired methoxyethanol or methoxyethylamine. Methoxyethanol is
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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

15  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
aminatian, 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

20  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,
the aldehyde can also be decarbonylated, i.e. in that the aldehyde function is
gliminated 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

25  that the methane formaticn indicates the extent of decarbonylation. The
decarbonylation forms the abovementioned undesired by-products, for example
methoxyethanol and/or methoxyethylamine in the abovementioned case.
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We have also found catalysts whose catalytically active composition, before its

reduction with hydrogen, comprises oxygen compounds of zircenium, of copper, of

nickel, in the range from 0.2 to 40% by weight, preferably from 1 to 25% by weight,

40 more preferably from 2 to 10% by weight, of oxygen compounds of cobalt, calculated
as CoO, in the range from 0.1 to 5% by weight, preferably from 0.2 to 4% by weight,

more preferably from 0.5 to 3% by weight, of oxygen compounds of iron, caiculated as
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In a very particularly preferred embodiment, the catalytically active composition of the

25 inventive catalyst or that used in the process according to the invention, before its
reduction with hydrogen, comprises in the range from
2 to 10% by weight of oxygen compounds of cobalt, calculated as CoQ, and
0.1 to 5.0% by weight, preferably 0.3 to 4.5% by weight, particularly 0.5 to 4% by
weight, of oxygen compounds of lead, calculated as PbO.

30
All data regarding the catalytically active composition of the inventive catalysts and of
the catalysts used in the process according to the invention are based on the
catalytically active composition before its reduction with hydrogen.

35 In accordance with the invention, it has been recognized that the activity of the catalyst
for the amination of primary or secondary alcohols, aldehydes and/or ketones in the
presence of Ha, for example the amination of diethylene glycol (DEG} with ammonia to
give aminodiglycol and morpholine, as a result of the specific content in the zirconium-
copper-nickel catalysts of cobalt and iron and the additional content of lead, tin,

40  bismuth 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.
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ef fl uent fr & singlsviveameiant. doe ubuiat @pctpglnmtbqa EeapiigngPregeeds can consist

advant ageousf aseniearconnection of a plurality of (e.g. two or three) individual tubular reactors.
Optionally, an intermediate introduction of feed (comprising the reactant and/or
ammeonia andfor Hz) and/or cycle gas and/or reactor effluent from a downstream
30 reactor is possible here in an advantageous manner.

The cycle gas flow rate is preferably in the range from 40 to 1500 m? (at operating
pressure)/[m? of catalyst (bed volume) » h], in particular in the range from 100 to 700 m3
(at operating pressure)/{m? of catalyst (bed voiume} « h].

35
The cycle gas comprises preferably at least 10% by volume, particularly from 50 to
100% by volume, very particularly from 80 to 100% by volume of Ha.

For the synthesis in the liquid phase, suitable reactants and products are all of those

40  which have high boiling points or are thermaily |abile. In these cases, a further
advantage is that it is possible to dispense with evaporation and recondensation of the
amine in the process.



The cycle gas flowrate is preferably in the range from40 to 1500 nB
(at operating pressure)/[nB of catalyst (bed volune) hi, in

particul ar | RF#60472 ange from 100 to 700 nB8 (at operating
pressure)/jnB8 of catalyst (bed volunme) hi. 35 The cycle gas
conprises preferably at |east 10% by voI16|rre, particularly from50 to
100% by vol une, very particularly from80 to 100% by vol ume of H2.
For the synthesis in the liquid phase, suitable reactants and

products ar e|nghé p@tedshReaditgWhihe hvaatos, et ts! 4rd Brafblily Gsedlin &eSorm
thermally |ap Ja?aéysls%ﬁigfﬁo sAHRor cﬁta!#ﬂ&él@%ﬁv%%‘éﬁ@%&ﬂ@ b, Ff?ﬁ;%r bfiah
possible to gl@sP nse w evapar at1on and recondensa {agyn 0 am ne
in the proce¥&P ngBasigignt for exarmple H'@PB'F%@e%%a"S(?E'S} 'Eﬂhﬁgj:a spigused as a
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appropriate, . a. ng assi for ml e graphite or stearic
acid) if theb%Q?’5$€ds[P%lles%iasléﬁg@sacév %%"%%@Bh'ody, I .e. do not conprise
any further catalytically active ingredients. In this connection, the
oxi di ¢ suppoTite catdigsts are used insachuamaly that the daklyiizallyisstiveortsipdsitierdgribondie
i ncl udedqp N Sdigier Rlidtodub&Rhloh@fehbith veSsd 85ihki (RE catafcalpbalyst s are
used in such_a WaE{ tg’iﬁt t%. cat ahét |.t§ablé/. act :.ésle cQ 03|t|00|{1 round
to 10powder FEPROFHIPLATREIINAREMKING WD S0APIER ARALRNLS: SH7PINg,3d heg

cat al yti cal | yeahoentyie agengeddn thedeacterfasshapgd eatilysy bodiesc iogexammMe shapi ng
assi stants, bR shefidrim@abxtiutges (Bistrahds)ar ranged in the reactor as
shaped catal yst bodies - for exanple as tablets, spheres, rings,
extrudates (e.g. strands). 15 The concentrati on dat i n. % by weight)
of t he cEapomsiascaT abviatata a4 B waied) GHbE gempPe et e @tahs e Jesdt I
st at ed ot hersdcheassnniebestatat athgtwiss lohyhecatalytiealyombivs cornpositiof of the

fini shed catfishall catlystafief g lhetHealRRAMEMSAH BEIRFe iR 1ddRADA WRh hidrogen.
reduction with hydrogen. The catalytically active conposition of the

catal yst, after its |ast heat treatnment and .
The catalytically active composition of the catalyst, after its last heat treatment and

20 before its reduction with hydrogen, is defined as the sum of the masses of the
catalytically active constituents and of the abovementioned catalyst support materials,
and comprises essentially the following constituents:
zirconium dioxide (ZrO3), oxygen compounds of copper, nickel and cobalt and iron and
oxygen compounds of lead, of tin, of bismuth and/or of antimony.

25
The sum of the abovementioned constituents of the catalytically active composition is
typically from 70 to 100% by weight, preferably from 80 to 100% by weight, more
preferably from 90 to 100% by weight, particularly > 95% by weight, very particularly
> 98% by weight, in particular > 99% by weight, for example more preferably 100% by
30  weight.

The catalytically active composition of the inventive catalysts and those used in the

process according to the invention may also comprise one or more elements (oxidation

stage 0) or their inorganic or organic compounds selected from groups | Ato VI A and
35 | Bto VIl B and VIl of the Periodic Table of the Elements.

Examples of such elements and their compounds are:

transition metals such as Mn or MnOgz, W or tungsten oxides, Ta or tantalum oxides, Nb

or niobium oxides or nicbium oxalate, V or vanadium oxides or vanadyl pyrophosphate;
40 lanthanides such as Ce or CeOg, or Pr or Prz0s; alkali metal oxides such as Na»O;

alkali metal carbonates such as Na:COj3; alkaline earth metal oxides such as SrQ;



20 before its reduction with hydrogen, is defined as the sumof the
masses of the catalytically active constituents and of the

abovenent i oneEBO4M2al yst support materials, and conprises essentially
the foll owi ng constituents: zirconium dioxide (Zr02), oxygen
conmpounds of copper, nickel and cobalt ?ﬁm i ron and oxygen conpounds
of lead, of tin, of bismuth and/or of arftinony. 25 The sum of the
abovenent i orakhbline eath merhtsbamifatdstsacic ad Mg 06, HAGs amdtBale;dmnqroside on
is typicall y(Bg@ﬁm 70 to 100% by wei ght, preferably from80 to 100% by
wei ght, nore preferably from90 to 100% by wei ght, particularly > 95%
by weight, very particularly >98% by weight, in particular > 99% by
wei ght, for E‘)@&?ﬂﬁ')élc#l!\(r%t"{ﬁmﬁpfﬂldﬂb@wwwgﬁaﬁﬁ@ﬁt@dme used in the
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or nore el ements (oxidafion. stage eir Tnotganic or ofganic
conpounds sé@@?'@&sp?%ﬁvﬂﬁﬁﬁg'a}gmh to VI Aand 35 Bto VIl B and

VIIl of the Periodic Table of the El enents. Exanpl es of such el enents
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catal ysts arfgPed witthfydten a gsichme CaPPYERess accor ding to the
i nventi on prReseferablyl howives tyrinal aesompbriingiraresidmants enginating frem jhedeelaln
i n each @masexpadtior bf CH, CENAIAD, Sn(BIxSKlatel sxBluddPtherefbmf orm or in an
ionic, especially oxidized, form

The catalytically active composition of the catalyst, before its reduction with hydrogen

comprises, in the range from 0.2 to 40% by weight, particularly in the range from 1 to

25% by weight, more particuiarly in the range from 2 to 10% by weight, of oxygen

25 compounds of coball, calculated as CoO.

The catalytically active composition of the catalyst comprises, before its reduction with
hydrogen, in the range from 0.1 to 5% by weight, particularly in the range from 0.2 to
4% by weight, more particularly in the range from 0.5 to 3% by weight, of oxygen

30 compounds of iron, calculated as Fez0Oa.

In addition, the catalytically active composition of the catalyst, before its reduction with
hydrogen, comprises preferabiy in the range from
20 to 85% by weight, particularly from 25 to 70% by weight, more particularly from 30
35 to 60% by weight, of oxygen compounds of zirconium, calculated as ZrO-,
0.2 to 25% by weight, particularly from 3 to 20% by weight, more particularly from 5 to
15% by weight, of oxygen compounds of copper, calculated as CuQ,
0.2 to 45% by weight, particularly from 10 to 40% by weight, more particulariy from 25
to 35% by weight, of oxygen compounds of nickei, calculated as NiO, and
40 0.1 to 5.0% by weight, particularly from 0.3 to 4.5% by weight, more particularly from
0.5 to 4% by weight, of oxygen compounds of lead, of tin, of bismuth andfor of
antimony, calculated in each case as PbO, SnO, Bi,O3z and 8b,03 respectively.



In a particularly preferred enbodiment, the catalytically active
conposition of the 15 inventive catal ysts and of those used in the
process accoPkiB®42t o t he i nventi on does not conprise any further
catalytically active conponent, either in elenental or in ionic form
In the particularly preferred enbodi ment, the catalytically active
conposition is not doped with further metals or netal conpounds.

Pref erably, however, typical acconpanying trace elenents originating
fromthe metwle mélacstis aliitkento@bpiad is fraterddiy griiter than 1,Share preferably greater
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cat al yst, ore its reduction w en conprises, in the range
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PF 6047209 of these compounds in water with vigorous stirring. Advantageously, these slurries are
obtained by precipitating the sparingly soluble zirconium compounds from aqueous
zirconium salt solutions by means of bases.

The inventive catalysts are preferably prepared by means of a coprecipitation (mixed

25 precipitation) of all of their components. To this end, an aqueous salt soiution
comprising the catalyst components is appropriately admixed with an aqueous base -
for example sodium carbonate, sodium hydroxide, potassium carbonate or potassium
hydroxide - under hot conditions with stirring until the precipitation is complete. It is also
possible to work with alkali metal-free bases such as ammonia, ammonium carbonate,

30 ammonium hydrogencarbonate, ammonijum carbamate, ammonium oxalate,
ammonium malonate, urotropin, urea, etc. The type of salts used is generally not
critical: since the principal factor in this procedure is the water solubility of the salts, a
criterion is their good water solubility required to prepare these comparatively highly
concentrated salt solutions. It is considered to be self-evident that, when selecting the

35  salts of the individual components, the salts selected will of course only be those with
anions which do not lead to disruption, whether by causing undesired precipitations or
by complicating or preventing the precipitation by complex formation.

The precipitates obtained in these precipitation reactions are generally chemically
40 inhomogeneous and consist, inter alia, of mixtures of the oxides, oxide hydrates,

hydroxides, carbonates and insoluble and basic salts of the metais used. It may be

found to be favorable for the filterability of the precipitates when they are aged, i.e.



The nolar ratio of nickel to copper is preferably greater than 1,
nore preferably greater than 1.2 and even nore preferably in the
range from 1PB604Y28. 5. 5 To prepare the catal ysts used in the process
according to the invention, various processes are possible. They are,
for exanple, obtainable by peptizing pulyerulent m xtures of the
hydr oxi des, carbonates, oxides and/or ofifler salts of the conponent s
wi th wat er amtersthésargefifol § catdi tirce aftprdimsipriaeipitation, dieepiprapriateeinder hot
conposi ti on donbfioéraHIE Basshiy ditRfoBgiIENce is given to preparing the

i nventive catal ysts by enpl oying preécipitation nethods. For exanple,
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effected in supernatant solution.

35
In the case of multistage impregnation processes, it is appropriate to dry and optionally
to calcine between individual impregnation steps. Multistage impregnation can be
employed particularly advantageously when the zirconium dioxide is to be loaded with
a relatively large amount of metal.

40



The precipitates obtained by these precipitation processes are
processed further as 5 usual to give the inventive catalysts. First,
the precipit BRF@4& e washed. The content of alkali netal which has
been supplied by the (mneral) base which nay have been used as a
preci pitant can be influenced via the d%ation of the washing
operation and via the tenperature and anount of the washing water. In
general , prollfoagpinietrneialgeanpraits tortee Hreonimordickiden thetimpregeaipercanfiee of
the washing umdonsd dnlitandewshemttallhetalcalts erducedssirklyad anylsdgoérde. of Afet er
t he washi ng, ; hn% Brrﬁ&bl Rkt ed material is generally dried at from 80
to 200C, pre rom 100 to 150C, and then cal cined. The
calcination is perforrred generally at tenperatures between 300 and
800C, pr eb er &bbsequentlyrtbecateigsts prepo®a byiimpiegnatiop @readriest andpoeferably also
550C. 15 ThecélélH@m’dr‘éﬁarﬁ@bﬁ\htbﬁﬁl’tﬁe EENaAbA GerffRralireRaidged A¥adyEpesigant | ng
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maxi mum of saturation with the inpregnatiaon salution.
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with all, I
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whet her it brﬁet Vco%ponr%srlzgesent in the catalysts to the corresponding metals, so that they are
30  present together with the different types of oxygen compounds in the active form of the

catalyst.

A further advantage of the inventive catalysts is their mechanical stability, i.e. their
hardness. The mechanical stability can be determined by the measurement of the so-

35 cailed side crushing strength. For this purpose, the shaped catalyst body, for example the
catalyst tablet, is stressed with increasing force between two parallel plates until fracture
of the shaped catalyst body occurs, and this stress may act, for example, on the
cylfindrical surface of catalyst tablets. The force registered when the shaped catalyst body
fractures is the side crushing strength.

40
The process according to the invention is preferably performed continuously, the
catalyst preferably being arranged in the reactor as a fixed bed. It is possible for the



10 to a certain particle size or by mxing it, after it has been
ground, wi th shaping assistants such as graphite or stearic acid,
conpressing it by neans of a press to noldings, for exanple tablets,
and heat - t r eBE P2 The heat treat ment t enper at ures correspond
preferably to the tenperatures in the calcining. 15 The catal ysts
prepared in this way conprise the catal ypically active netals in the
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the T ormof o Bee i DiRd o SLPeiG Be prbe dains ineroRiihs biftors gre Bes
exanpl e, as slesnris bejustad onerreerof tenperaidreapressurd aachigw fate iPGEEpa wpy that e,

treated. Bef&ef rdiftRiglydigh-biRg réfticRpabyss femdilifihags ghasé.cal ly
prereduced. However, they can al so be used w thout prereduction, in

whi ch case they are reduced under the conditions of the h‘}/dro enat i ng
ani nat i orP byTherREningling sigent mave wiintegard te e gledhefiohydrogtepumraideiidg i on,
t he cat al ystgogr @ ketopgsgulitotbe animated, bgesedipditacdometticrsspiere first at

preferably fqpBstrPidnetikOffomer a period of, for exanple, from12 to
20 hours, and then treated in a hydrogen atnosphere at preferably

from 200 to 400C for another up to approx. 24 hours. This

prer educt i orn thediase of the garinatien Otﬁlcqjﬂﬁg‘ Jdshydns eoreterien wih PHBaR(|or
ccﬁrrpou Rdm prezseitfary amihbs; tieedraing & mefemblynSed ov aregiproxithataly s®ichlometrito
that they ar t | en
conpounds i naei?‘ﬁ@t @2@?@@ X 9%?‘5)“?%tﬁl?’é”°c4§?5§?§%%”g‘&@?’ﬁdﬂ‘§°ﬁg%q§§5°§ Itggag)ebgof
the i nvent i Vi9eMYES@TPUp Or iralo ioup fo bRAMRAREAl stability, i.e. their

har dness. The nechanical stability can be determ ned by the

measur eme‘nE1 Tl driice &anoﬁﬁnﬁ?ikrb@éiw cﬁ*ﬁ&uﬁd)@bée{@l@r@ffefa@@gﬁ Hom B@D té h?@
ur pose, , . .
s St estioq RERRERRREaRoNT qudbthin) Pl MO0 Se T AbR MiRouk Hhefid

SI'n
fracture of SBRRCcageLhdbe é'&f"gqhy%qehﬁ‘éﬁﬁ“d&rd‘ﬁpé'? Usel this stress may act,

for exanple, on the cylindrical surface of catalyst tablets. The
force regi St%@&al%éﬁ@is%@@g&eﬁ;ﬁl&@Jit)ﬁ%tfrJﬁ?@.!S- {or 0l SrefefblytRns2-d6
crushing str th' 40. PE 6047 | ow toward the f|xe tal yst bed
Co e ort her bl eseciglyfroB 2415 4fH mohs piias baihos st AGiholEhiar st

adj ust ed?0 n greupnsldeydeanperaikaiogroypriebsgervestad f1 ow rate in such a

way that eveHigiice brddsyed Dot bHmbonia biQof gkl GibepbIANCArBinéLarIpasditle.t he
gas phase. 5 The am nating agent may, with regard to the al coholic

hydr oxyl graqup or al dehyde group or _keto group.to be i nat ed, be
L L o CHpfe P SN S RSIONTST a BRI EvT 50 BIDRRIRET Guhiy he
case of the matére/ht éspecially frehncifHo B80 stahdiehguboneershet ones with prinmary
or 10 segondary am nes, the amne is preferably used in an

arount por - rop anhetd] HEA canﬂé%%wﬁfvﬁégb%[&‘%L?ﬁaééﬂé}?ﬁ&@%%@gi08 et o
group to be SiwPhgktagreactant can be performed in the liquid phase of in the gas phase.
Preference is given to the fixed bed process in the gas phase.

30  When working in the liquid phase, the reactants (alcohol, aldehyde or ketone plus
armmgonia or amine) are passed simultaneously, including hydrogen, over the catalyst,
which is typically disposed in a fixed bed reactor preferably heated externally, in the liquid
phase at pressures of generally from 5 to 30 MPa (50-300 bar), preferably from 5 to
25 MPa, more preferably from 15 to 25 MPa, and temperatures of generally from 80 fo

35 350°C, particularly from 100 to 300°C, preferably from 120 to 270°C, more preferably
from 130 to 250°C, in particular from 170 to 230°C. Both a trickle mode and a liguid-
phase mode are possible, The catalyst hourly space velocity is generally in the range
from 0.05 to 5 kg, preferably from 0.1 to 2 kg and more preferably from 0.2 to 0.6 kg of
alcohol, aldehyde or ketone per liter of catalyst (bed volume) and hour. If appropriate, the

40 reactants can be diluted with a suitable solvent such as tetrahydrofuran, dioxane, N-
methylpyrrofidone or ethylene glycoi dimethyi ether. It is appropriate to heat the



The ami ne conponent (nitrogen conpound) is used preferably in from
0.90 to 100 15 tinmes the nolar anmount, especially in from1.0 to 10
times the noPEB0AFDuUNt, based in each case on the al cohol, al dehyde
and/ or ketone used. Especially ammonia is used generally with a from
1.5- to 250-fold, preferably from2- to 400-fold, especially from 2-
to 10-fold nolar excess per nole of alcoholic hydroxyl 20 group,

al dehyde gr otgactantsibstose thep are fed intethe seaction eessel-p@gfrsableledesagtidsot h of
ammoni a and g@npefdtirery or secondary am nes are possible. Preference
is given to enploying an offgas flowrate of from5 to 800 standard

cubic neters/.nh, |aInyrom20to 300 standrd cu /h. 25
Che. ant nat ! ofhsn SpREGS edes e de rears Fearaun BIcoly oV a P ket 1S
groups or5 ketmmgriagpamine) drb passedovedtite cadaiysbio thxaprésanoedf hydrogéreiniaagei d
phase or in &then)pefdpasRydr ﬁfs%[e@ﬁéﬁﬁo a§ta5é/samcfeﬁuyt|a@e for ¥@hoRien, at

Feactants ;F&%P% SRS L R A3 ) ol e WlhaBP RS0, 105
passed si mul Mﬁﬁémﬁlpgﬁferﬁblkﬁfr% Orido Mt d terqp@@(urgshfgr tha prinatiqr OfﬁWPE‘HS

i's typical | yardigeperaiydronm8atofa5e¥l) phriculargefimot 00to 806 Cajrisferatyeltoet 120 to
gét ﬁ/;) ga'( 'é% ) 3%760 %gﬁoﬂelgﬂ%f&bl}gﬁﬁﬁﬁim%w %@ﬁeaeﬁon%ﬂ.%rah#ex ir] tg@m 5yt 0

P o oy Sarandiog By %@F&@S@Pd KB Generili e SBAS 3V EL o
parti cul ar | yrdriiaslarly om9g ta preterablyAeny 16¢ @rﬂSQ‘Zb The flow tathe fsdesatalyst

preferably fhamadse éumea&ﬂcabcva oPRaTh bsibw AThefreqUired 48 stRaMIOrefchRiyh a
trickle nodey,gq ﬁeoabf ffoghode are possible. The catalyst

hourly s ace Ve nerafj in the range to

prefer ably 1 RSRARYE %/%'”isﬁgﬁjeé(ﬁ'&” Prgraly e gt P01 352 0o o
al cohol , al diedny .65 & 0.5 &g ofaicopelr aliéhyde ooketaetpal fitertof Citalgst (Eduwokimeg ant
hour. |If appsgpri ate, the 40reactants can be diluted wth a suitable
sol vent such as tetrahydrofuran, dioxane, N nethyl pyrrolidone or
ethylene glycol dinethyl ether. It is appropriate to heat the PF
60472 13 r eabtedWoEodsaisied ta the jeastien gangralbiiman aeoynt abigne A to 40l preferably
pr ef er ab2y tin ahenoustas friooybite2pet pérumale oMieosholvaldkhyig or Retohe cgaponent,

phase, the ggg Egrﬁn’é ﬁﬁﬁé@%’a? ﬁé\)ufg‘ﬁé% ’coﬁxle(i‘t]%BYdjéla:‘?cfar E‘én‘ﬂ%n? Slf

Pyar ogen | n- the petfoRanGE o s amyiatian o A GR ketagp E'ﬁmgbﬁaﬁo AR e
suf fi ci ent | yamigatipa of éhco!@a}aqﬁd!ﬂssttat lsast sm'crmre@swreeurés ofdwdwgan hged tode

0.1 to 40 N&aes{e‘ntmrthelammaﬁ&ﬂoftmrehydd@raeuﬂ%@hby from0.1 to 10 MPa,
nore prejerably from0.1 to 5 MPa. The tenperatures for the am nation

of al cohol s are g{enerall y from80 to 350C, particul arlo%( from100 to
300C, pr ef erBalf {7 the ease10s grerationgin Shegiguidrrhiage gRdindhaeass of Prarrtiasdn fhe gas
250C. The r givabe,dtris pessibby atuse dighentemberatures and higher overall pressures and

catalyst hourly space velocities. The pressure in the reaction vessel, which results from
the sum of the partial pressures of the aminating agent, of the alcohol, aldehyde or

30 ketone, and of the reaction products formed and, if appropriate, of the solvent used at
the temperatures specified, is appropriately increased by injecting hydrogen up to the
desired reaction pressure.

Both in the case of continuous operation in the liquid phase and in the case of
35 continuous operation in the gas phase, the excess aminating agent can be circulated
together with the hydrogen.

When the catalyst is arranged as a fixed bed, it may be advantageous for the selectivity
of the reaction to mix the shaped catalyst bodies in the reactor with inert packings, to

40 “dilute" them as it were. The proportion of packings in such catalyst preparations may
be from 20 to 80 parts by volume, particularly from 30 to 60 parts by volume and in
particular from 40 to 50 parts by volume.



hydr ogenati ng am nati on of al dehydes and ketones are generally from
80 to 350C, particularly from90 to 300C, preferably from 100 to
250C. The f|BW60472 he fi xed catal yst bed nmay be either from above or
frombel ow The required gas streamis preferably obtained by a cycle
gas nethod. 15 The catal yst hourly spaceMveI ocity is generally in the
range from0.01 to 2 and preferably from0.05 to 0.5 kg of al cohol,
al dehyde or ketone per liter of catalyst (bed volune) and hour. The
%gr?gen ifs TI@\;vél@réﬂ?_@adtieﬁlﬁirMQ@ingﬁ@&ﬁL?‘sé ¥f théreabtioa{ilizch ebsd drimble ber

, prefe
al cohol , al d@ﬁgﬁé@hﬂgfﬁﬁ’e [oo) H%ﬂ%%? ,o F? ﬁga%#%gﬂrﬁ%qﬁj‘? S%?‘tg reagghgeas?{no,t
havi ng been RRYRAITHRVES eqtaﬁi%#%%%w&ﬁ@%&eﬁew)on rattihs seleciiit
per f or mante @fd thheatalystiifatinenansd is thedefbnedapprapriatelytrohresayted therafrofr wtil the

that of the @akisbfREredktich srodet, Jor Xampribyaistiifi@st Stoi chiometric
anounts of hydrogen need to be present in the am nation of al dehydes

and ketones. 25 Both in the case of gperation in the |liquid phase and
in the case dferdhrreastionefiugnihas agaropiatglydeen geqoglpwgcp,tg}p%e)fcgs%g)@mgen
hi gher t enpearat anyesxcesscntinajing agent ereseht e essaved thessfcbncandthy sesuliiogr | y
space \égio;mrg&é;eﬁgmapﬁcﬁ%ﬁg peried foggxa(r)r@ﬂﬁ% 8 ﬂaa%ﬁaﬁéaﬁﬁgéuoﬁhs&i@sfé' L S
L conol . al il PEpRaEs psRked thdetng, BT 2 ROOR AL 31 s
and, if appr&pthiBASE AGr Theexcess euinetingagenhand the hydragrr afe @dwantageously
speci fied, istunps ek ind hkYyedction eaReThdyarmapdibs gany irbongtely porivertéche
desired reap%'&&@'[a[dg rcﬁ-kel@ﬁé Borjnﬁbntenﬁ case of continuous operation
d p

inthe ljgqu ase and 1n the case of 35 continuous operation in the
gas phasé&, the excess ami nating agent can be circul ated together with
t he hydr ogendnopheertedmeactartséndsanyissitabie bngeaducts which asecebtéinet] canberay be
ad;/alnt a?egusr_efu&ie_dtlﬁ@k W0 B8 sinthdsis. OhcdriRrbeRREIAR chR bghﬁwédlggaﬁmﬂ?ﬁeg
catalys 0 0 ute
Chem bo. it bR Salshslly BB Lol Beh B BRE SHnubl: Mige pher

prepar at i onsCORAGNSIEONT pfdhg PrOdycts BAhgEaPRERYYy vol ume, particularly from
30 to 6@arts by volunme and in particular from40 to 50 parts by

volune.  PF GQtdingldheri3th R IpRSceS! adBRftd Rnd AdRREN bit, bORef 4 bSRoRE,
the reaction nol e per” nol e of al cohol group,

%rlln e%gh ca(?e one
al dehyde gr JUPY TRKeFSOT P USFver t ed) generally does not have a
di sruptive effect on the degree of conversion, the reaction rate, the

sel ecti vi ty |biapdsditie by thegrotets hédording e, théimdernitidn tdysregdre) fer example, amines
approprigf el ¥ fhodbmifapved therefromuntil the

R2
(1)
in which

30 R, R2 are each hydrogen (H), alkyl such as Cize-alkyl, cycloalkyl
such as Ca.1z-cycloalkyl, alkoxyalkyl such as Ca.a0-
alkoxyalkyl, dialkylaminoalkyl such as Cs.a0-
diaftkylaminoalkyl, aryl, aralkyl such as Crao-araikyl and
alkylaryl such as Cr.z0-alkylaryl, or together are -(CHz)-X-

35 (CHz)-,

R3, R4 are each hydrogen (H), alky! such as Ciz0-alkyl, cycloalkyl
such as Ca.1>-cycloalkyl, hydroxyalkyl such as Ci.zo-
hydroxyalkyl, aminoalkyl such as Cyz0-aminoalkyl,

40 hydroxyalkylaminoalkyl such as Cz.20-



wor kup of the reaction product, for exanple by distillation. After
the reaction effluent has appropriately been deconpressed, the excess
hydr ogen andPa@4Excess am nating agent present are renoved therefrom
and the resulting 10crude reaction product is purified, for exanple
by a fractional rectification. Suitable 1\§or kup processes are
described, for exanple, in EP 1 312 600 A and EP 1 312 599 A (both
BASF AG . The excess ami nati ng byyeenyaliyldaminbalkyiyakioxyaliyl aueh as Caao-

?dvant ageousl| Iy { elt urned batckdl n’élf@oiﬁblﬂylrGialﬁilétﬁiﬂoé'l%@uchTé‘seCz%@-Hﬁlk?lﬂﬁﬁljtoes
o any inconpletely converted a n
éfﬁﬁ (ﬂfyfab u £ go fﬁlﬂ @ %

15 Unconverted reactants and an g/%
obt ai ned can be returned back i aﬁ?h‘t( EEFRY), qrr{daﬁmwbaralkw such
react ant sscan be flowed again iascheatamrl delgesmangdikyd amhoasalsz-he

catal yst bed in batchw se or copdibauQlatkyMafGas( dkh ag@;q)eﬂwlon of
the products in the separator. %g)gﬁ%nat !%I% %grg:ntsll i

according to the invention are, PRIYLRICH ﬁ?”a?ky&g %
secondary ami nes. It is po@é‘lzbf‘“éRsogcl‘lz}q@rﬂﬁ?Q%@js (Glddot- (Fhey 06 t he
invention to prepare, for exanple, amnes 25 of the formula | R3 RI\I
I HN-CG 44 R2(Ip2 4 ich 30R- o_gen (H), alkyl such
as Cl- Zojgzl kyl , I%ycr{a'oﬁgh{]kyl suchtagetﬁ%ggrgz(e:ﬂ@gx al koxyal kyl such
as C2-30- al koxyal kyl, dial kyl am noal kyl such as 03- 30-

di al kyl am noal kyR5 Ré{’ryl ar al kyare sagthhyssogen (3D atkylukly ks &ndalkylky| ar yl
such as C2. 20-al kyl aryI, or toggkiHen@rstch 4R atifipher{, CH2) k-, R3,
Rdare each hydrogen (H), al kyl such as Cl.. 20-al kyl, cycl oal kyl

such as Ca. 12- cycI oal kyI hydroxgal k such as Cl-20- %droxyal kyl ,
am noal ky? such RsRGR 26 am noa"RfAC WP&&&&TW‘%@‘ al kyl such as

C2. 20-
X is CHz, CHRS, oxygen (0O), sulfur (S) or NR5,
Y is N(R%),, hydroxyl, Cz.zr-alkylaminoalkyl or Cz.20-
20 dialkylaminoalkyl,
n is an integer from 1 to 30 and
Lk Lmq are each integers from 1 to 4.
25
The process according to the invention therefore preferably finds use for preparing an
amine | by reacting a primary or secondary aicohol of the formula li
R3
HO—C—R#
R (1)
30

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

0 Q
R‘JJ\” Vi) R”/lLR4 (vII)

35 with a nitrogen compound of the formula {1l

R1
~
N-—H
7/

R (1),



PF 60472 15 hydroxyal kyl am noal kyl, al koxyal kyl such as C2-30r
al koxyal kyl, di al kyl am noal kyl such as C335-di al kyl am noal kyl ,
al kyl am noal RgB04i2ch as C2. 30- al kyl am noal kyl, R6-
(OCR6R7CR8R9) , , - (OCR6R7), aryl, heteroaryl, aral kyl such 5as
C7. 20-aral kyl, heteroaryl al kyl such as -20- heteroaryl al kyl
al kyl aryl such as C7_25-al kyl aryl, al kyl'heteroaryl such as
C4_20-al kyl heteroaryl, and Y(CH2)", 4' JR6- (CH2)q or, together,
- (CHR) , - X- ( GrRare R1, R2, RP addR2arardctRds egipbiiasoar e - (CH2) i - X- (CH2) nr,
R5, Rioare each hydrogen (H, alkyl such as Cmal kyl, al kyl phenyl

such as C7. 4 aI K h 15R6 R7, are each dr

met hyl or &?’g a%qéo “?Gﬁgh@JP'f%ﬁﬂ rgmlggkdl of
is N RlO)-‘Q mycmfmmwll C2- 20- al kyI am noal kyl or C3-20-
20dia|ky|arrinoa|ky| is an integer from1l to 30 and j, k, I, m gare

each | Nt eger g KIuafs o e cBfbinch 5+ B8 25558 FRRERL B Lakebead Qe o

therefore pre 3 &

primary or g@&?‘?ﬂd’?‘?”&'%ﬁﬂ}’ NN ﬁﬂﬁéopf'ﬁtﬁrﬁm’%" "I’FO"RlB EPWOC',‘B“F?& O88MARd/ or
an al dehyde adehyde. a ketone of the fornmula VI or VII
10
To prepare the amine |, in a purely formal sense, a hydrogen atom of the nitrogen

compound lll is accordingly replaced by the R4R3)CH- radical with release of one
molar equivalent of water.

16 The process according to the invention preferably also finds use in the preparation of a

cyclic amine of the formula IV
R7

r11
in which
20
R"and R'?  are each hydrogen (H), aikyl such as Ci- to Cae-alkyl, cycloalkyl such as
Cs- to Ce-cycloalkyl, aryl, hetercaryl, aralkyl such as C;- to Cag-aralkyl,
and alkylary! such as Cr- to Cae-alkylaryl,
25 Z is CH2, CHRS, oxygen (O}, NR5 or NCH>CH:OH and
R*, RS, R7 are each as defined above
by reacting an alcohol of the formula V
30

R6 R7
HO OH
z (V)
R11 R12

with ammonia or a primary amine of the formula Vil

15 R'—NH, (VI



0 R3/LRA R4H (VI)(VIl) 35 with a nitrogen conpound of the forrmula I1I
PF 60472 16 where R1, R2, R3 and R4 are each as defined above.

The react ant PEBB®I0l nay al so be an amino al cohol, for exanple an
am no al cohol of 5the fornula Il. As is evident fromthe definitions
of the R2 and R4 radicals, the reactionqgan also be effected

intranmol ecularly in an appr o riate am no_al cohol, am no ketone or,
ami no al dehyHe® s@ﬁtﬂwtﬁﬁegﬁ?e the, arigpies &l IY; £ 3nd3he,indiges. k.drmdl 2RER Ee,
a hydr ogen athemompourts I,l, I, d4¥nVicamadiLard ebdH indepeadently defirgidyasrfdpvaced
by the RA(R3)CH radical with rel ease of one nol ar equival ent of

water. 15 Th $ ACSPLAI L Qyed iqaention preferably al so
finds use_ i nﬁ!t'ﬁ{éq’o%r'egna§a§i'52’ ng?Rachy@ﬁ'B?am ne of the fornula IV
RIINR12 FA in wHiverpgeo(H),

R3, R#%:
- alkyl such as Ci.20-alkyl, preferably Ci.1s-alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
10 neopentyl, 1,2-dimethylpropyi, n-hexyl, isohexyl, sec-hexyl, cyclopentylmethyl,
n-heptyl, isoheptyl, cyclohexylmethy!, n-octyl, iscoctyl, 2-ethylhexyl, n-decyl, 2-n-
propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nonyl and 3-n-butyl-n-nonyl,

- hydroxyalky! such as Ci.oe-hydroxyalkyl, preferably Cq.s-hydroxyalkyl, more
15 preferably Ci4-hydroxyalkyl, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxy-
ethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-(hydroxy-
methyt)ethyl,

- aminoalkyl such as Ci.2-aminoalkyl, preferably Ci.e-aminoalkyl, such as
20 aminomethyl, 2-aminoethyl, 2-amino-1,1-dimethylethyl, 2-amino-n-propy,
3-amino-n-propyl, 4-amino-n-butyl, 5-amino-n-pentyl, N-(2-aminoethyl)-2-
aminoethyl and N-(2-amincethyl)aminomethy],

- hydroxyalkylaminoalkyl such as Cz.ze-hydroxyalkylaminoalkyl, preferably Cas-
25 hydroxyalkylaminoalkyl, such as (2-hydroxyethylamino)methyl, 2-(2-hydroxyethyl-
amino)ethyl and 3-(2-hydroxyethylamino)propyl,

- R5-(OCRPR’CR8R®),-(OCRSRY), preferably RS-{OCHR’CHR?®),-(OCR®R?), more
preferably R5-(OCH;CHR9),-(OCRSR7),

30
- alkylaminoalkyl such as Ca.ac-alkylaminoalkyl, preferably Cazo-alkylaminoaikyi,
maore preferably Cae-alkylaminoalkyl, such as methylaminomethyl, 2-methyl-
aminoethyl, ethylaminomethyi, 2-ethylaminoethyl and 2-(isopropylaminc)ethyl,
(REHN-(CHz)e,
35

- Y+(CH2)m-NRS-(CHz),,

- heteroarylalkyl such as Cs2p-heteroarylalkyl, such as pyrid-2-ylmethyl, furan-2-
ylmethyl, pyrral-3-ylmethyl and imidazol-2-yimethyl,
40



R11 and RI 2 are each hydrogen (H), alkyl such as Cl- to C20-al kyl,
cycloal kyl such as C3- to Circycloalkyl, aryl, heteroaryl, aralkyl
such as C7- Po6@t&E aral kyl, and al kyl aryl such as C7- to

C20-al kylaryl, 25 Zis CH2, CHR6, oxygen (0), NR6 or NCH2CH2CH and R,
R6, R7 are each as defi ned above by reagfging an al cohol of the

formula V30 R R7 HO OH R11R12 with amoni a or | mary am
the fornula VI | [alyketeragmlsueh a3 Cozoplkylpgleronnd. sugnas gﬂﬁ*ﬂﬂ'ﬁt@ﬁi"ﬁyli‘ﬁ dt‘o

R12, the vari ablmethyimidgzol2-ylaBehetiye2furding esd p-mdthyl-B-pyrazingl, and g in
t he conpounds I, 1, I1v,V, VI and VI are each independently

I,
defined as foll
gelined @5 10! | et syoh "Seavvigr e Aoz o
preferably C1_14mglergh2-ylshuranykands:ianyl et hyl , n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n- pentyl, isopentyl,
sec- pent y| R, R2, R3, R%:
- cycloalkyl such as Cs.q2-cycloalkyl, preferably Css-cycloalkyi, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, more preferably
10 cyclopentyl and cyclohexyl,

- alkoxyalkyl such as Ca.ap-alkoxyalkyl, preferably Cozp-alkoxyalkyl, more preferably
C..s-alkoxyalkyl, such as methoxyrnethyl, ethoxymethyl, n-propoxymethyl,
isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, sec-butoxymethyl, tert-

15 butoxymethyl, 1-methoxyethyl and 2-methoxyethyl, more preferably Cau-
atkoxyalkyl,

- dialkylaminoaikyl such as Caa-dialkylaminoalkyl, preferably Cs.oo-dialkylamino-
atkyl, more preferably Cs.io-dialkylaminoalkyl, such as N,N-dimethylaminomethyi,
20 (N,N-dibutylamino)methyl, 2-(N,N-dimethylamino)ethyl, 2-(N,N-diethyl-
amino)ethyl, 2-(N,N-dibutylamino)ethyl, 2-(N,N-di-n-propylamino)ethyl and
2-(N,N-diisopropylamino)ethyl, 3-(N,N-dimethylamino)propyl, (R5)2N-(CHz),,

- aryl such as phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl and 9-anthryl,
25 preferably phenyl, 1-naphthyl and 2-naphthy!, more preferably phenyi,

- alkylaryl such as Cyap-alkylaryl, preferably Cy.i2-alkylphenyl, such as
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-
dimethyiphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyt,

30 2,3, 4-trimethylphenyl, 2,3,5-trimethylphenyl, 2,3,6-trimethylphenyl, 2,4,6-
trimethylphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyl, 2-n-propylphenyi,
3-n-propylphenyl and 4-n-propyiphenyl,

- aralkyl such as Cro-aralkyl, preferably Cr.1z-phenylalkyl, such as benzyl,
35 p-methoxybenzyl, 3,4-dimethoxybenzyl, 1-phenethyl, 2-phenethyl, 1-phenyl-
propyl, 2-phenylpropyl, 3-phenylpropyl, 1-phenytbutyl, 2-phenylbutyl, 3-phenyl-
butyl and 4-phenylbutyl, more preferably benzyl, 1-phenethyl and 2-phenethyl,

- R and R* or R2 and R# together are a ~(CHz)-X-{CHz)m— group such as -(CHa)s-,
40 -{CHz)a-, -(CHz2)s5-, -(CHz)s-, -(CHz}7-, -(CH2)-0-(CHz)2-, -(CH2)-NR5~(CHz)2-,
-{CH2)-CHR5-(CHa)2-, -(CH2)2-O-{CHa)z-, -(CH2)2-NR5-(CHz)2-, -(CHz)2-CHRS-



10neopentyl, 1, 2-di nmethyl propyl, n-hexyl, isohexyl, sec-hexyl,

cycl opentyl net hyl , n-heptyl, isoheptyl, cyclohexylnmethyl, n-octyl,

i sooctyl, 2-&FtfMRexyl, n-decyl, 2-npropyl-n-heptyl, n-tridecyl,
2-n-butyl -n-nonyl and 3-n-butyl-n-nonyl, hydroxyafkyl such as

Cl- 20- hydroxyal kyl , preferably C1-8-hydrgxyal kyl, nore 15preferably
C _ehydroxyal kyl , _such_as _hydr oxynet hyl , "1-hydroxyet hyl , 2-hydroxy-
ethyl, 1- hydr oxy{GHzpsroBi#-O- Hﬁydﬁ&%ﬁﬂ%5$¥bbyrQHﬁcﬁﬁﬁ“ﬁ*@bn-propyl and
1- (hydroxymnet hyl ) et hyl , am noal kyl such as CLl. 20-am noal kyl ,
preferably Chi%eam noal kyl, such as 20 am nonethyl, 2-am noethyl,

2- ani no- 1, 1- di net hyl et hyl . 2-am no-n-prapyl. . 3-am no-n-prepyl

42 an no- . but . él@ifam%mﬁaﬁ?‘g?fe@%%ﬁﬁgyﬂw3tﬂ:5€1v§ﬁ4;§'oa-mw;|and

N- (2- ami n8et hyl ) EeRraRyket-btyl, is GRYAM JA-RENYIslGeends sec-pentyl,

gzhzg hydr l())éyfll ki}do@@?twaﬁlﬂﬁhztlaﬂprﬁbﬁf mhbyyl, @Eahexyl, slec-hexyl,)n-heprt]yl,lisoheptyl,
5hydr oxyal kyl am, | = A met hyl ,

2- (2- hydr oxyet hg?ll -Baglh‘ligﬁéﬁt}g'tsyhyl y'g%?(’g’l%?f?y %ltg%b/éf ﬁﬁl’% no) pr opyl ,

R8- ( OCl R6R7CR8R9) - (OCR8R7), preferably R8-SOCHR7CHR9)-(OCR8R7), nor e

preferably 128- (%Xmmggqtber(m%ﬂrk{w egroupesrly Bs dGtil-adCHz)s-,

ngéfg; :Iblkgl %ﬂ gloqd:hgé;ﬁ, -(Mﬁéléle—(@hﬂ)rﬁ.é@dz?-@-@{l-ﬁ)él. Z(gkﬂpﬁkkaz)zqvmz)-CHRs-

L SR R
- (i sopropyl am , ' - - g,

het eroaryl al kyl such as C420- heteroaryl al kyl, such as

pyrid-2-yl meghyg; furan-2- ylnethyl, pyrrol-3-ylnethyl and

i m dazol 42-yl met , 7. I r yl :

C4- 20- al Q%l het _er%léjrl‘ ‘?fg']éj‘ﬁggﬂéé'ki"? FT@P% "?P?f‘%’yeﬁ%"ngf?ms@ﬁf’*’% n-butyl,

4,5-di methylimd Begutybanddertpytyb drafgrably mefiyybdnd ethyl, more preferably

5- net hyl - 2- pyr azmethyl, het eroaryl such as 2-pyridinyl,

3-pyridinyl, 4-pyridinyl, pyrazinyl, pyrrol-3-yl, 5imdazol-2-yl,

2-turanyl and 3-fug Q. o B able, aakylbhanyl, such as 2-methylphenyl, 3-methyl
20 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-,
4-decylphenyl, 2,3-, 2 4-, 2,5-, 3,4-, 3,5-dinonylphenyl, 2,3-, 2,4-, 2,5-, 3,4- and
3,5-didecylphenyt, in particular Cr¢-alkylphenyl,

25 RS R7, RS, R
- methyl or ethyl, preferably methyl,

R R12

alkyl such as Cs- to Cxo-alkyl, cycloalkyl such as Cs- to Ciz-cycloalkyl, aryl,

30 heteroaryl, aralkyl such as Cz- to Cao-aralkyl, and alkylaryl such as Cz- to Cao-
alkylaryl, in each case as defined above,

X

- CHz, CHRS, oxygen (O), suifur (S) or NRS, preferably CHz and Q,
35

Y:

- N(R19),, preferably NHz and N(CHa)z,

- hydroxy! (OH),
40

- Co.ze-alkylaminoalky!, preferably C..i¢-alkylaminoalkyl, such as methylamino-
methyl, 2-methylaminoethyl, ethylaminomethyl, 2-ethylaminoethyl and 2-(iso-



cycl oal kyl such as C3_12-cycl oal kyl, preferably C3.5-cycl oal kyl, such
as cycloproq%b 7yclobutyl cyclopentyl, cycl ohexyl, cycl oheptyl and
cycl ooct yl B@478r ef er abl y 10cycl opentyl and cycl ohexyl ,

al koxyal kyl such as C2. 30-al koxyal kyl, preferably C2.20-al koxyal kyl ,
nmore preferably C2.5-al koxyal kyl, such ag net hrmet hyl, ethoxymet hyl,
n- pr opoxynet hyl , |sopropoxynethyl n- but oxymet hyl , i sobut oxynet hyl,
sec- butoxynethyﬂ”omQWPmQﬁgﬂﬂtoxynethyI 1- nethoxyethyl and

2-met hoxyet hyl, nore preferably C24- alkoxyalkyl di al kyl am noal kyl

such as ]93 3g| dicylihi rﬁmaéukwlpreferaﬁfy%apbm 2Bl N bi@ Binead)idsdrho-
nore prerera
N, N- d!omet hyl amyr@ﬁﬁzy@h%@g% ?rﬁ'_ g@gé% tréyr%"i?tﬁiﬁ n@ﬁ % ﬁd‘_n propylamino)ethyl and

2. (N, N- difhvet hy| ZniFirepEoPHaminoltty N di et hyl - ami no) et hyl ,
2- (N, N-di butyl am no) ethyl, 2- (N, N-di -n-propyl am no) et hyI and
2- (N, N-di i sgpropyl am no) et hyl, 3-(N, N-di met hyl am no) propyl ,

(R5) 2N- (CH2) q, y Y zé%_bnapht hyl , 2-napht hyl,
1-anthryl, 2- antcﬁ-[2 #ng @&@ﬁ?ﬂﬁ%ﬂ* referably phenyl, 1-naphthyl
and 2-naphthy| nore preferably phenyl, alkylaryl such as

C7- 20- al 4yl q,rlyl pr eferably C7-12-al kyI phenyl, such as

2-met hyl phenyl , rfi@éefPYrbm%lﬁ'(q ?‘3@%@%&%&%% (2 ard. fg{arﬁéﬂaﬁbwnyl

2, 5- dlnethylphe met'hyl'phenyl met h ny

3, 5- dlnethylphenyl 302, 3, 4-trimet hyl phenyl, 2,3,5-trinethyl phenyl,
2,3,6-trineﬂmy1phenyl 2,4, 6- trinethylphenyl 2- et hyl phenyl

3- et hyl phenyl , éneﬂégélrnbmrmb,zt 2 mp:rrqp%kmea |2,,33ncﬂl4,pﬁtﬂ§¥5|'d?é‘rﬁﬁly|2 amad
4-n- propy pheny ar al kyl such as C7 aral , preferably

Cr. 12- phenylallcyl such as benzyl, 35p- nethoxybenzyl,
3,4-dinethoxybenzy|, 1- phenet hyl, 2-phenethyl, 1-phenyl- propyl,

2- phenyl prompyl , 3-phenyl propyl, 1-phenyl butyl, 2-phenyl butyl,

3- phenyl but y! aaﬁl.rfﬂeg@hﬁamhutsml re @Ry am]ﬁfe rafls&nymﬁ@ﬁyb 3% QF@r?earlsyl

o) Ff‘i.”?b%i oG 1 fE°ah 46‘ e e,
-(CH2) 6-20 -(CH2) 7-, -(CH2)-0-(CH2) 2-, (CHZ) NR5- ( CH2) 2-,
-(CH2) - CHR5 (CH2) 2- - (CH2) 2- 0- (CH2) 2- - (CH2) 2- NR5- ( CH2) 2-,
- (CH2) 2- CHRZyitadrd al@%?@unjd%r {hgﬂ%%\?emenﬂ% ﬂeﬁaﬁﬂgu\té are vaﬂTQIy 'E‘Mbﬁrgé%)a'flw
- CH2- CHM ( segondéry alcohols with an aliphatic OH function. The alcohols may be straight-chain,
branched or cyclic. Secondary alcohols are aminated just as efficiently as primary
25  alcohols. The alcohols may also 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
hydrogenated under the conditions of the hydrogenating amination, for example CC
double or triple bonds. When polyhydric alcohols, for example, diols or triols,
30 particularly glycols, are to be aminated, it is possible via the control of the reaction
conditions to obtain preferentially amino alcohols, cyclic amines or polyaminated
products.

The amination of 1,2-diols leads, depending on the selection of the reaction conditions,
35 particularly to 1-amino-2-hydroxy compounds or 1,2-diamino compounds.

The amination of 1,4-dicls leads, depending on the seiection of the reaction conditions,
to 1-amino-4-hydroxy compounds, 1,4-diamino compounds, or to five-membered rings
with a nitragen atom (pyrrolidines).

40



| R1, R2: alkyl such as Cl.20-al kyl, preferably 01.5-al kyl, such as
met hyl, ethyl, n-propyl, 5 isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, RE 2yl , isopentyl, sec-pentyl, neopentyl,

1, 2-di met hyl propyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl,

i soheptyl, n-octyl, isooctyl, 2-ethylheyyl, nore preferably

%4_ ?lcgl) 3. the(@%qgn%i@%gﬁé%%%gen?jmﬁé g&ela%{z@%e rea tlon cpondlilons
- ( CH2) - 0- ( CH2 )Izzmine-6-GiirpxyNREAHOGHES), 2:6-diamhiBpi2PmEMHMdEHR t@sgven-membered
- (CH2) 2- 0- ( Ghids Qith aitfdgen am%eiéﬁlr&hﬁenenmnﬁ&ﬁﬂ CHM (CH2) 2-, - CH2- 0-
(CH2) 3-, -CH2-NR5-(CH2) 3- 2- CHM (CH2) 3-, R, RlO 15al kyI
preferabl Cl4-al kyl, such_ as nethyl, ethyl | SO ropy
n- butyl , ﬁy soTtmtaymmat@a@f hawials 1gads. depandingiapthe ?ﬁl%aﬂerﬁ) afﬂh?/rq?é ongiygns,
ethyl, nore tpneinencab-lhydmw, h;ﬁl—dlarahky.brphmndb,, orpo sik-enemiieyed rings w:th a

27‘£t ﬁ' |ky|hghﬁ gen afdietd d.%emtdﬂa‘g)ue Idl gt hyl - 20 phenyl,
>, B-di el hyﬂ%ﬁéﬁiﬂf"'“ﬂvaf’%ff%@rﬂ?%h P‘Q'V?‘@EWW@R i Nt
4- nony| phenymnenoaminogiglycal.(g 2CH-9-CHAHy- OH)Qd'Bm'HOQ'QWW

3, 5- di naoidy| gHNZH.CR-O -CH22H4~NH2)20r5norplﬂoh4e Fwnﬂtu&rlﬁpchfeiemel ipheay hereitt
particul ar QBCE :—%‘YM&Q@ huct25R6, R2, R8, R9: -nethyl or ethyl,

f bl
cycl oal kyl B '&goff?saoafi@u'\ega@'aa@g W paTeyar priBiedee Fomtithengieming,

such as C7- N-@- Idrchcp%ttyl)plpqazlnwm%pbﬁm%@m kisthgnolamineC20-
al kyl aryl, in each case as defined above, X -CH2, CHM oxygen (0),

ot e 5 oML R At IR B9 S o M) ol o ) Y 1o
C2. 16- al kyl am noal kyl , such as rret hyl am nomet hyl , 2-net hyl am noet hyl
et hyl am norrmemyan,ol,mmnﬁym-arapanm,t ibgpiroamal, A-butasol; isobutanol, n-pentanoi,
n-hexanol, 2-ethythexanol, tridecanal, stearyl alcohol, palmity! alcohol, cyclobutanol,
cyclopentanoi, cyclohexanol, benzyl alcohal, 2-phenylethanol, 2-(p-methoxyphenyl)-
20  ethanol, 2-(3,4-dimethoxyphenyl)ethanol, 1-phenyl-3-butanol, ethanofamine,
n-propanolamine, isopropanotamine, 2-amino-1-propanol, 1-methoxy-2-propanal,
3-amino-2,2-dimethyl-1-propanol, n-pentanolamine (1-amino-5-pentanol), n-hexanol-
amine (1-amino-6-hexanol), ethanolamine, diethanolamine, triethanolamine, N-alkyl-
diethanolamines, diisopropanolamine, 3-(2-hydroxyethylamino)propan-1-ol, 2-(N,N-
25  dimethylamino)ethanol, 2-(N,N-diethylamino)ethanol, 2-(N,N-di-n-propylamino)ethanol,
2-(N,N-diisopropylamino)ethanol, 2-(N,N-di-n-butylamino)ethanol, 2-(N,N-diisobutyl-
amino)ethanol, 2-(N,N-di-sec-butylamino)ethanol, 2-(N,N-di-tert-butylamino}ethanol,
3-(N,N-dimethylamino)propanol, 3-(N,N-diethylamino)propanol, 3-(N,N-di-n-
propylamino)propanol, 3-(N,N-diisopropylamino)propanol, 3~(N,N-di-n-
30  butylamino)propanol, 3-(N,N-diisobutylamino)propanol, 3-(N,N-di-sec-butylamino)-
propanol, 3-(N,N-di-tert-butylamino)propanol, 1-dimethylaminopentanol-4, 1-di-
ethylaminopentanol-4, ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
diglycol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-bis[4-
hydroxycyclohexyllpropane, methoxyethanol, propoxyethanol, butoxyethanol,
35 polypropy! alcohols, polyethylene glycol ethers, polypropylene glycol ethers and
polybutyiene glycol ethers. The latter polyalkylene glycol ethers are converted fo the
corresponding amines in the inventive reaction by converting their free hydroxyl

groups.

40  Particularly preferred alcohols are methanol, ethanol, n-propanol, i-propanol, n-butanol,
sec-butanol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2-ethylhexanol,
cyclohexanol, fatty alcohols, ethylene glycol, diethylene glycol (DEG), triethylene glycol



PF 60472 20 propyl am no) et hyl, C3- 20- di al kyl am noal kyl ,
preferably C346-di al kyl am noal kyl, such as di net hyl am nonet hyl ,

2- di et hyl anPh6@472y| , 2- di et hyl am noet hyl, 2-(di-n-propyl ani no) et hyl
and 52-(dil sopropylam no)ethyl, Z: CH2, CHR5, 0, NR 5 or NCH2CH2(OH,
10j, I: -an integer froml1l to 4 (1, 2, % or 4), preferably 2 and 3,
more preferably 2, k, m q: -an integer Tromlto 4 (1, 2, 3 or 4),
pref erabl y ATEG)ah@-dimethamingetbpenetbanpl. N-aethyidpthanglamine anek2@edi- f r om
Ito 30, prefmasapbyinasthb)ensio.from1 to 8 (1, 2, 3, 4, 5, 6, 7 or 8),
nore preferably an integer from1l to 6. 20 Suitable al cohols under
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al koxy. | al keHYSL3ENave PRgY SRt i condiins, orta MsBotsrellipamipatiop; BEeyample
appr opri at e aifoxy akenpligrn atkpldminecs dialkilaminargtpugso orselsss, iftappropriate, are
hyldr ﬁggnﬁi | Nydrogknaéd ]Qrﬁuerfr@rcoﬂ?ﬁﬁéﬁ%'cﬁtfﬁfhydﬁvgbhﬂin larirdtioh Folsadle ddgen
0 rc I I C.Lh
B yool s, ar CoRBER: o Wna€ (O gttt Bhohds e T e’ Wiplsy s Porabe
reaction corif tesaatral gf thefeactionsapdiipeshio; obtain arnairp fetones: gRWIcslcabols) i ¢

am nes or pdyyleramiadsca pplyediinates.products. The am nation of 1,2-diols
| eads, depending on the selection of the reaction conditions, 35

Palr 1 Ul A1 o 2 A 2ol AU, 6 S RHRS ok AL RuRG REIGHATS:

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-

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

Suitable aldehydes usable in the process according to the invention are, under the

25 abovementioned prerequisites, virtually all aliphatic and aromatic aldehydes. The
aliphatic aldehydes may be straight-chain, branched or cyclic; the aldehydes may
comprise heteroatoms. The aldehydes 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

30 appropriate, are hydrogenated under the conditions of the hydrogenating amination, for
example C-C double or triple bonds. When polyfunctional aldehydes or keto aldehydes
are to be aminated, it is possible via the conirol of the reaction conditions to obtain
amino alcohols, cyclic amines or polyaminated products.

35 Preference is given, for example, to aminatingly hydrogenating the following aldehydes:

formaldehyde, acetaldehyde, propionaldehyde, n-butyraldehyde, isobutyraldehyde,
pivalaldehyde, n-pentanal, n-hexanal, 2-ethylhexanal, 2-methylpentanal, 3-methyl-
pentanal, 4-methylpentanal, glyoxal, benzaldehyde, p-methoxybenzaldehyde,

40 p-methylbenzaldehyde, phenylacetaldehyde, (p-methoxyphenyl)acetaldehyde, (3,4-
dimethoxyphenyl)acetaldehyde, 4-formyltetrahydropyran, 3-formyltetrahydrofuran,
5-formylvaleronitrile, citronellal, lysmeral, acrolein, methacrolein, ethylacrolein, citral,



The am nation of 1,4-diols |eads, depending on the selection of the
reaction conditions, to 1-am no-4-hydroxy conpounds, 1,4-diam no
conpounds, oPF684%2 ve- nenbered rings with a nitrogen at om
(pyrrolidines). PF 60472 21 The am nation of 1, 6-di ol s Ieads
dependi ng on the selection of the reactixgn conditions,
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As well as ammonia, the aminating agents used may equally be primary or secondary
amines.

30 These aminating agents are preferably used to prepare unsymmetrically substituted di-
or trialkylamines, such as ethyldiisopropylamine and ethyldicyclohexylamine. For
example the following mono- and dialkylamines are used as aminating agents:
monomethylamine, dimethylamine, monoethylamine, diethylamine, n-propylamine, di-
n-propylamine, isopropylamine, diisopropylamine, isopropylethylamine, n-butylamine,

35 di-n-butylamine, s-butylamine, di-s-butylamine, isobutylamine, n-pentylamine, s-
pentylamine, isopentyiamine, n-hexylamine, s-hexylamine, iso-hexylamine,
cyclohexylamine, aniline, toluidine, piperidine, morpholine and pyrrolidine.

Amines prepared with particular preference by the process according io the invention
40 are, for example, morpholine (from monoaminodiglycol), monoaminodiglycol,

morpholine and/or 2,2"-dimorpholinodiethy! ether (DMDEE) (from DEG and ammonia),

6-dimethylaminohexanol-1 (from hexanediol and dimethylamine (DMA)), triethylamine



et hyl am nopent anol-4, ethylene glycol, 1,2-propylene glycol,

1, 3-propyl ene glycol, diglycol, 1,4-butanediol, 1,5-pentanediol,
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benzopheno nénonseth@a@ar@mm MERGY raminge @FQJ% Rodlergpeiazes (IR rem
t he i nventi omnaetylenadigcol (MEG) and ammonla) 1,8-diamino-3,6-dioxaoctane and/or
25  1-amino-8-hydroxy-3,6-dioxaoctane (from triethylene glycol (TEG) and ammonia),
1-methoxy-2-propylamine (1-methoxyisopropylamine, MOIPA) (from 1-methoxy-
2-propanol and ammonia}, N-cyclododecyl-2,6-dimethyimorpholine (dodemorph) (from
cyclododecanone and/or cyclododecanol and 2,6-dimethylmorpholine), polyetheramine
{from corresponding polyether aicohol and ammeonia). The polyether alcohols are, for
30 example, polyethylene glycols or polypropylene glycols having a molecular weight in
the range from 200 to 5000 g/mol; the corresponding polyetheramines are obtainable,
for exampie, under the tradename PEA D230, D400, D2000, T403 or T5000 from
BASF.

35 Examples

Example 1
Preparation of amination catalyst 1 (based on Ni-Co-CufZrQ; = comparative
experiment according to EP 963 975 A).

40
An aqueous solution of nickel nitrate, cobalt nifrate, copper nitrate and zirconium
acetate which comprised 2.39% by weight of NiO, 2.39% by weight of CoO, 0.94% by



25 abovenentioned prerequisites, virtually all aliphatic and aromatic
al dehydes. The aliphatic al dehydes may be straight-chain, branched or
cyclic; the aldehydes nmay conprise heteroatons. The al dehydes nmay
further bearPBB¥i tuents or conprise functional groups which behave
inertly under the conditions of the hydrogenating am nation, for
exanpl e al koxy, al kenyl oxy, al kyl am no @g di al kyl am no groups, or
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ketones in the presence of hydrogen may be either anmmonia or prinmary

or secondar ¥oxafl ]ac?atic or cycloaliphatic or aromatic am nes. 10 Wen
the am natigﬁI agent used is ammoni a, the al coholic hydroxyl group or
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or of tIes r &xaemprt3 stream (in continuous node), and depending on the
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Example 4

The catalyst was prepared analogously to catalyst 2. However, the amounts of nicke!
nitrate, of copper nitrate, of iron nitrate and of cobalt nitrate were altered accordingly. In

35 addition, tin dichloride was alsc added to the nitrate solution, so as to obtain the oxide
mixture specified below. The catalyst 4 thus obtained had the composition as shown in
Table .

Example 5

40  The catalyst is prepared analogously to cataiyst 2. However, the amounts of nickel
nitrate, of copper nitrate, of iron nitrate and of cobalt nitrate were altered accordingly. In
addition, antimony oxide dissolved in concentrated aqueous KOH is additionally added



25 and norpholines. As well as ammonia, the am nating agents used may
equal ly be primary or secondary amines. 30 These am nating agents are
preferably uEE@O‘Eé prepare unsynmmetrically substituted di-

trial kyl am nes, such as ethyl diisopropyl am ne and
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25 Exanpl e 3 The catal yst was prepared anal ogously to catal yst 2.
However, the_anmpunts of nickel nitrate, of copper nitrate, of iron
nitrate and BF88dfAIt nitrate were altered accordi ngly. In addition,
| éad nitrate was al so added to the nitrate solution, so as to obtain
the oxide m xture specified below The cm alyst 3 thus obtained had
the conposition as shown in 30Table |I. Exanple 4 The catal yst was
prepared anal ogously to catal yst 2. However, the anounts of nickel
nitrate, of Vopp®r nitrate, of iron nitrate and of cobalt nitrate
were altered accordingly. In 35 addition, tin dichloride was al so
added to th ' i 1 i ey
specified b:?-lgg, 5%%@%@;%%@{&34&?%%:@%%?%%ﬁ‘xﬁ%@Gef- ecﬁ.@lﬁﬁ)ﬁé%ﬁl&ﬁb as
shown i n Tapfe&ticatioRungss dbcegpresaure, stagrgrdPressurs,op plevaled BeSFUE By ey
to catal yst Eowrdonetbeds, Thépurapmdutts aod obtainke bither direstiein mofe fooppeas
nitr ag e, IOf aFeRfropds with watér llg@dous abadtiopBi EdrAbdaiREedby @ﬁrﬁﬁld-liqruiq[
accordingly. ; i ,
2qucous Rl pAReliair Apeled Rl diots 0y Botoielr SR AT G
car bonat e sofiiliaten. Distiliative dewaigting in theneressiica of #n a3egireriagagant bylnown
bel ow. The caethbgsis asotgoasiblebt ai ned had t he conposition as shown in
2 However . L oo tet e akdinilial f i HRAEANNIL BB bEAER) %ﬁh
: wever, e anp ) . .
v trate. and WRELBRAEE. falondeetgond s B passile pG f SPiretpn S eedt ot
bi smut h ni t refttee agueaus phase disdnewn metods.trate sol ution, so as to
obtain the oxide m xture specified below The catalyst 6 thus
obt ai nedﬁmddg{mls gnhposi tion as shown in Table I. 10 Exanple 7 _
Am nati on of |eqtrF¥lene Ogl col. (DE% 1510%% of tfhe reduced, am nati on
catal yst in UIfPSGIRINGE 3%!“65&9" tlysty,nas hepnsgarficantly dmpraved Qyer {e prior
charged in earggbilerhaiakainingl the goadogptalyst activity by aiGrigg bfe aiewtcal ¢aammsiiiby obl
(0. ?5 nol ) . tRé ativefcompastiich. IREPBIdDS (ifeafBhinal6r Froadtie sk dcondrhie gg@@gttn Id on
m xture, an " i_0j; ,
heated to Z%ﬁ%ﬁgi? %@@%&ﬁy%&%ﬁ%ﬁ_'%ésa%gag\%n;d%@nf{)géﬁgﬁ%égg'ﬁécfhe t ot al
pressur 24 o Hecahonyation, whigh i§Lletermined by the content of methoxyethanol, has been
reduced by establishing specific contents of Fe and specific cantents of Sn, Pb, Sb and
Bi in the catalyst, in addition to the contents of Cu, Ni, Co.



20 aut ocl ave was run at 200C for 12 hours with stirring. At different
times, sanples of the reaction mxture were taken and anal yzed by
means of GC chromat ography. For this purpose, a 30 m"RTX-5 am ne" GC
colum was used, with a tenperature program of: 80C/ 15 m nutes, heat
to 290C within 30 mnutes, at 290C/ 15 mqwutes. 25 The conposition of
the resulting reaction mxtures for the catalysts of Exanples 1 to 6

can be taken from Table I. PF 60472 28 Wor kup: The particul ar pure
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15 Concl usi on2. AHEOp@Sst mé%ﬂémgalam% fi PEQt @S ¥oPIas been

signi ficant h;gl nproved over the prior art while nmaintaining the good

cat al yst actlyeaiclrin m?édc@amrsglédn@dﬂfmmbel oregpRoasiking off the active

conposi tion. dl@easre 'él@oﬁél?,d“ﬁ h$ e€Conomn c

I nt erest, such % d %§ 9\91‘[ q t he extent
e necflq

of unde5| red 2 car’bo Ia | |% Bégt he cont ent

of met hoxyet hanBITOSFE<L B‘i’lmi 8‘1’:}%@ lﬁrP§H|CH&S’§ ific contents
of Fe and speci ®f enypanisstpimarySAmMipgs, moa aryBamines gadcat al yst, in
addi tion to themixiretleredt, (o thépreseace of% Zireoninuedicxen cl ai med i s:

ide-, copper- and nickel-containing catalyst;
wherein the catalyst comprises a catalytically active com-
position which comprises, before reduction with hydro-

gen, oxygen compounds of zirconium, copper, and
nickel, and 0.2 to 40% by weight of an oxygen com-
pound of cobalt, calculated as CoO, 0.1 to 5% by weight
of an oxygen compound of iron, calculated as Fe,O,,
and 0.1 to 5% by weight of at least one oxygen com-
pound of lead, tin, bismuth or antimony, calculated as
PbO, SnO, Bi,0; and Sb,0; respectively.

3. The process according to claim 2, wherein the catalyti-
cally active composition of the catalyst, before reduction with
hydrogen, comprises 0.3 to 4.5% by weight of the at least one
oxygen compound of lead, tin, bismuth or antimony.

4. The process according to claim 2, wherein the catalyti-
cally active composition of the catalyst, before reduction with
hydrogen, comprises 0.5 to 4% by weight of the at least one
oxygen compound of lead, tin, bismuth or antimony.

5. The process according to claim 2, wherein the catalyti-
cally active composition of the catalyst, before reduction with
hydrogen, comprises 0.2 to 4% by weight of an oxygen com-
pound of iron, calculated as Fe,O,.



1. A catalyst conprising a catalytically active conposition which
conprises, before reduction with hydrogen, oxygen conpounds of
zirconium copper, and nickel, and 0.2 to 40% by wei ght of an oxygen
conmpound of cobalt, calculated as CoO 0.1 to 5% by wei ght of an
oxygen conpound of iron, calculated as 4203, and 0.1 to 5% by wei ght
of at |east one oxygen conpound of lead, tin, bisnmuth or antinony,
cal cul ated as Pb0, SnO, Bi 203 and Sb203 respectively. 2. A process
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conprises 2 tocémblmed/vasﬁlo f3 ap 20%0by weiglauefl aafoxpdatt,

cal cul ated as nghp oﬁ:% PCES) uﬁ}%ﬂrﬂ@ S,lef(%al m 2, wher ein the
14V e cata t

catalytically ac e corrpos | o’n 0 efore reduction
Wi th hydrogen oqanmasw Ehpo%%{o gaﬁlp%nanopﬁmn conpound of

zi rconi um ca by wei ght of an oxygen
conmpound of co %Jéf%ﬁ %@%ﬁ ed_ as CuO and 2.to 45% by wei ght of an

oxygen corrpou "bhe pragess aceeuding o ehims wierein the catplyty brocess

according t@alijracméconypesmomaﬁhecataaym befdreyedwdtiotewithnposi ti on of
t he cat al ys Mkl on wi th hydrogen, conprl ses 25 to 70% by

wei ght of an 2@ §& Q(;b(n ou d zi rconi um caI ated as 7Zr02, 3 to
20% by wei ght % gﬁ’P‘i%%B%‘rm ‘IZ’EEI‘P%W% as CuO, and
10 to 40% by vvea:zdhtllamdamZm%gen conpound of nickel, calcul ated as

Ni O 5 to 15% by weight of an oxygen compound of copper,
calculated as CuO, and
25 to 35% by weight of an oxygen compound of nickel,
calculated as NiO.



11. The process according to claim?2, wherein the catalytically -
active conposition of the catalyst, before reduction w th hydrogen,
conprises 30 to 60% by wei ght of an oxygen conpound of zirconium
calculated as Zr02, 5 to 15% by wei ght of an oxygen conpound of
copper, calculated as CuQO, and 25 to 359 by wei ght of an oxygen
conpound of nickel, calculated as NNO 31 12. The process
according to claim2, wherein the catalytically active conposition of

the catal ysty2, uelte@&-@ceﬁeﬁ&t@mﬁgw\mﬁnhyﬂh%mm@ ti-ses 2 to 10% by
1 s CoOQ and 0.1 to

wei ght of @zﬂ 19@901?1 HBHHHQfﬂ’iEc&t% bttt

5. 0% by wej. g a,.Qxygen conmpou at ed as PbO.
13 The pr ﬁ § i ghto claim?2 V\/nerel(ﬂ E e1 and copper are
present in th& ¢ gsxyex b of A 10Xy B¢k £PIBPEYNG, P alto copper of
greater than xalculated aseUppdess according to claim2, wherein the

catal ytical 1§.140t5.0% lm_sommgnttqum agesnnompongrdfdeadiny r heni um and/
or rutheni um calkiulatddhes pPpOcess according to claim 2, wherein the
cat al yti cal |3 agfel Ec&e ARSI dl’élﬁﬁz r\faﬁeremﬂekea%nany zinc.  16.
The procesg, pé 991? r@&n&%ﬁzﬂe% o‘?éﬂ}aﬁ ﬁfﬁi%k@i't)ﬁ“ cally active

conpositi on C(%g%)‘}ri y silver and nol ybdenum 17. The
process act é rei 2 E ’cal ly active
conposi tion %1 rPS‘?CeE% Egéfhsl Mt ?reena élﬂ Y411y active
conponent . cal Yl@?“"?ﬁ@mﬁpﬁ g8 Oﬁ%%rcﬁmﬁ&s?éﬂ)tqlﬁmaﬂ%er ein the
reaction |grnﬁh¢m@m out at a tenperature of 80 to 350 C 19. The
process accolkdiling precess adoordng whelnan 8, wheremethecitolyti-s carried out in
| i qui d phasslyedctae cabhgokition doee astcenmiseny@i®® MPa or in gas phase
at an absol uiék: Thepssdtseacording té GladR) 2MrBerein O cathigi-pr ocess accordi ng
to claim 2g ﬁb@ohﬁ‘;@sﬁbhﬁ%@@ﬂo&‘?ﬂﬂﬂé@%ﬂ§1]V&%HRQ in a nolar

amount of Q4 cfeﬁuﬂa tinmes the nolar anmount of the reactant sel ected

fromthe gr rs?)%c%tsé Q&o?cﬁmgrté &?@2%@8@8 ec%%gﬁndary al cohol s,

al dehydes, rocess according
to claim 2% %qlgeﬁomgsﬁop 8§%H cé’r?ﬂﬂﬂﬁ?dm?’ Fﬂé%{”ccla in a nolar
amount  of 5’ 152}y aqlave; GRRRONERL ™ np| ay gmoynt of the reactant selected
from the grolib Ibemspcesss agposding o lamy 2awheres the rRasdigRdar y al cohol s,
al dehydes, ISIG@M@U’[ ahpdempsiaiesI 8Ade 360°C. 22, The process accordi ng
to claim 2, ]Mwé’ﬂ:lslpmoqeheam@hgm clagn 3y whegadthemeachienr eact or as a
fixed bed. is cadt8ed Gihén hguidehsset an nbiaigtetpressha ai52o 30her ei n t he
reaction i Mreadriih ges Phise aodit AbRORS bigssure of 0.1 to 40 MPa.
20. The process according to claim 2, wherein the nitrogen
compound is reacted in a molar amount of 0.90 to 100 times
the molar amount of the reactant selected from the group
consisting of primary alcohols, secondary alcohols, alde-
hydes, ketones, and mixtures thereof.
21. The process according to claim 2, wherein the nitrogen
compound is reacted in a molar amount of 1.0 to 10 times the
molar amount of the reactant selected from the group consist-
ing of primary alcohols, secondary alcohols, aldehydes,
ketones, and mixtures thereof.
22. The process according to claim 2, wherein the catalyst
is arranged in the reactor as a fixed bed.
23. The process according to claim 2, wherein the reaction
is carried out continuously.
24. The process according to claim 23, wherein the reaction
is carried out in a tubular reactor.
25. The process according to claim 23, wherein the reaction
is carried out in a cycle gas method.




24. The process according to claim23, wherein the reaction is
carried out in a tubular reactor. 25. The process according to
claim 23, wherein the reaction is carried out in a cycle gas nethod.
32 26. The process according to claim2, wherein the reactant

sel ected fromthe group consisting of psd mary al cohols, secondary

al cohol s, al dehydes, ketones, and m xtures thereof is an aqueous

sol ution. 27. The process according to claim?2, wherein the

ni trogen CO”EQUI‘]% FOCRYs 2Ee t%QJlé’ﬁﬂanhere%§the-rll%§cﬁﬁl?cess accordi ng

to claim?2 tie llsﬁﬁ%%?i) Oaﬂ?: gup consi sting
o R A e

conmpound c8 Pa, for pr parl ng, nonoami nodl gl ycol (ADG and
mor phol i ne. 2 emeﬁw@%eﬁ gy WhereIthemioggier ei n t he
reactant seP@poaadis 8magneow suptieBnsi sting of primary al cohol s,
secondary al 28hblespradedeagapedingdotadmios?2, wherenn fiareastanher eof

conpri ses déletteyl feown thieygroip CORGHting df henarytalogeris,cseepound conpri ses
a nmono( Cl_éndhiy sRohoks, alldhyelespRétonss, aamdNnGkiurés ahdgb) nor phol i ne.

30. The pr @6&@?15@@%1%@ I&let% yebR(IDES) é/mf»ﬂﬁ! fitkden &ift ant sel ect ed

f th | cohol
al S?hydis%gﬂﬂd%ﬁfﬂfﬁ% P STRpRR E‘S*ﬁ‘%%%f@@?a@i{ hyl ene gl ycol

(DEG anng ?ﬁ Q fd conprises.a di Cl 4-al kyl)am ne, for
preparing a 22 QEeES Aok r?@ghixy ‘éf%g%ﬂreﬁﬁ@%r a

bi s(2-di (c&dec@dﬁwmdhﬁr%@umypys@tm@pf pringry algehqls.c€ess according to
claim 2, wbhadaiynakcbholse atdenytdeseketohesl dndbmikheegthergofonsi sting of

primary al egh@ &'ﬁ;esﬁ@&ﬁ?%@gl?bﬁpt@]i@) a-?}idiﬂiélﬁﬁ ieheé(ﬁﬂes and

m xtures t & d the nitrogen
conpound c%{é &)EO b%:%go ]' ‘bre ring m)nc?et ancl am ne (MVEQA)

and/or 1,2 ess according to

e pr
claim 2, wh QH’@@@%@‘E‘&E D@)épé%"l”%zﬂ" ﬁﬁ“ﬁglegﬁeéﬁ Dfonsi sting of
primary al édﬁ@ﬂed Jremdbad@eyp apobiong of privesty ddeo Cﬂ%ts@ﬂes and
m xtures t badagf alcobpls, ada@ehymhsekélanet amd enik i@ \Xhaedf't he nitrogen

conpound CedRipirRes daEmpIng, gl @d")l QDEQﬁraﬁlDﬂﬂa artﬁtga:nl &nadi am ne (EDA).
ggt ant sel ected

??omTPﬁepg SEﬁ&céfa s H%g Héﬁ o] ary al cohol s,

al dehydes, %&@ﬂﬂ %ﬁ% é@ hgra&gﬁ T@e@(@lﬁol yet her

al cohol and ound conprises ammoni a, for preparing a
cor r espondi n3l pbhg/prasesnssasedingde claign2, wheremn Heereactast or di ng t o
claim 2, wkeeeied fréum thearoamtonsbing ed pkmoanytdieclgriaweceonsi sting of
primary al @ﬁﬂ@ﬂysalcéﬁégn(i@d e%@b@laétbﬁes et Ryidffes kR4eBes, and
mxtures t Behadet HIBROSES el 1Bl TRALOY it MO Hhiaskae (AEEA) and

t he nitrogen ng&h 0 1am?c))é fépﬁﬁglﬁgﬁg@waﬁ pip - erazine
and/or die a%xg cording to
claim 2, wer %&h R&‘E lzf%ﬁl Jroup consi sting of
primary al cobdiEhe pusentiagoprdingdnsiaim 3y whenede the teactents, and

m xtures t beleetet] feamythe greup obysistig OE painatetyedeclarlsl sebe nitrogen
conpound cefB4iysgiRoR6I¥DRldehyldes, Re©Ras, a1 pokitire®phdrensim ne (Pl BA).

comprises monoethanolamine (MEOA) and the nitrogen
compound comprises ammonia, for preparing 1,2-ethylene-
diamine (EDA).

33. The process according to claim 2, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereof
comprises a polyether alcohol and the nitrogen compound
comprises ammonia, for preparing a corresponding poly-
etheramine.



33

34. The process according to claim 2, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereof
comprises N-(2-aminoethyl)ethanolamine (AEEA) and the
nitrogen compound comprises ammonia, for preparing pip-
erazine and/or diethylenetriamine (DETA).

35. The process according to claim 2, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereof
comprises polyisobutenaldehyde and the nitrogen compound
comprises ammonia, for preparing polyisobutenamine
(PIBA).



