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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 1086 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/NifZr/Sn catalysts which, in a further embodiment, comprise
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"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  In the 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-



B L SR Cer i [ P bt i s e

(et hanol , net hoxyet hanol, net hoxyet hyl am ne, N- et hyl norphol i ne and
met hoxy- PPF@04863 3 et hyl nor pholine) which are forned from DEG vi a
met hoxyet hanol according to the reaction network: HO/ \NH -)
\v/\o/N70 "\./NH, - H2\/ ADGmorphol i ne, CH30H net hanol CH4net hane
met hoxyet hyl nor phol i ne 00 N- et hyl nor ph?)l ine O The reaction

mechani sm okthyherpholineg twhioh a0 fopnedrisery DlG de owtiduysthatiot ateotding te the
assunmed to hgcliltpketivi®: @l cohol is initially dehydrogenated to the
correspondi ng al dehyde at a netal site. In this reaction, the copper
or else nickel is susgict ed t,p, be of particular significance a

0
dehydr ogenat' oA g gfmen ntE)Ahen\,al\%em@I%s are m\%émhg + d N

DEG ADG morpholine
+H2

CH, methane

HO Y /7 CH;OH  methanol

methoxyethanol \/\O +CO
+NH3

methoxyethyl-

morpholine

0 0]

e () (]
0

N N

methoxyethylamine | $

N-methylmorpholine
AN

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 fo 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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remalns 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 hatchwise. 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 siream, evaporated and in gaseous form. Suitable

35 amines for a gas phase synthesis are amines which, owing to their beiling 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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further advant age is that it is possible to dispense with evaporati on
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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 catalyticaily active ingredients.

In this connection, the oxidic support material zirconium dioxide (ZrOz2} 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 freatment, is arranged in the reactor as shaped catalyst bodies — for example as
tablets, spheres, rings, extrudates (e.g. strands).
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Examples of such elements and their compounds are:

25 transition metals such as Mn or MnO;, Ta or tantalum oxides, lanthanides such as Ce
or CeOs, or Pr or Pr203; alkali metal oxides such as Na0; alkali metal carbonates such
as NaxCOgz; alkaline earth metal oxides such as SrO; alkaline earth metal carbonates
such as MgCOQOs, CaCOs and BaCOgz; 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 {o the invention does not

comprise any further catalytically active component, either in elemental or in ionic form.
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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  resuiting 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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The precipitates obtained by these precipitation processes are processed further as
usuai 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 precipitanf 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 (ZrO;)
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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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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even relatively high-boiling reaction products remain in the gas phase.

25

The aminating agent may, with regard to the alcoholic hydroxyi 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 converied.

Higher excesses both of ammonia and of primary or secondary amines are possible.
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(nitrogen cEHMAMEL- is used preferably in from0.90 to 100 times the
nmol ar anount, especially in from1.0 to 10 tinmes the nolar anount,

based in ea i Kk
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group to beprssves sfeenerkliydRar 0. e kcasaRs (et Noabo samRéfaraBip oMo, Pol 108 Y
or secondar \mBRGEEELN RS 0 65 MPE TR &R erstures 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 preferabiy
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.).
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Preference is given to enploying an offgas flowrate of fromb5 to 800
standard cuBF&048% ers/ h, especially from20 to 300 standard cubic
meters/h. 5 The am nation of the primary or secondary al cohol groups,
al dehyde groups or keto groups of the rgactant can be perfornmed in
the liquid phase or in the gas phase. eference is given to the
fixed bed pFlzpsforandeléthgasnipaias ef alt¥ydesworketangs diffetsifeon thgtdfdhephase,

the react anér%m(a@drc&fa%ho@lndﬁéwréa@trstéi@mﬁan@ém&nl@omm@ta@n@éd @Fene)
are passed %tﬁnatﬂgg}@ ’On bf’}% gg’é g;kg(ogggn over the catalyst,

which is typi sed rreactor preferably heated
externally, in the liquid phase at pressures of generally from5 to
30 MPa (50- BO6th ibthe casegofaiperatitnt i the ouidopiase abd ivfiae cavercd opereficerinkiegas
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case of ope
the gas returned back info the reactzon zone The same apphes to any mcomplete!y 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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phase, it is possible to use higher tenperatures and hi gher overal
pressures aR# 60463l yst hourly space velocities. The pressure in the
reaction vessel, which results fromthe sumof the partial pressures
of the am nating agent, of the alcoholw al dehyde or ketone, and of
the reaction products formed and, if apﬁropriate, of the solvent used
at 10t he t eApdrating agentsipdhs froeass aceordipgptodpe insemiop are as et @d atynonia,

i njecting hyshagenddeednBal/Ammitasi red reaction pressure. Both in

t he case of continuous opération in the liquid phase and in the case
of continuous operation in the gas phase, the excess am nating agent
can be ci r cliiaResgibeyitorgyeoress agcerding ketha yiyeipsio Pigrate. fon 8xarBRie apumes s
ar r angedbas ofthé foredialled, it may be advant ageous for the selectivity
of the reaction to m x the shaped catalyst bodies in the reactor with
inert packings, to "dilute" themas wRt were. The proportion of

packi ngs in such catal yst prepafitios may 20 be from 20 to 80 parts
by volune, particularly from 30 gﬂ“ﬁ patts by volunme and in
particular from40 to 50 parts Igy volune. The mate& of reaction
formed in the course of the reaction (in each case %ne nol e per nole
of al cohol groufflWhitldiehyde group or keto group converted) generally
does not 25have a disruptive effect on the degree of conversion, the

reactiongrate, gheesel ectivityangd & R&6AaHY Sfky] 4 LEe, L Sioalkvl
t heref ore appropriately not A e&gﬁér%ﬂg% Lllét%qiﬁ{alhg%r df):yo?a the
reaction product, for exanple BY"d@stiTPAICPEH: 2 PYakYSHEN 22591 on
ef fl uent has appropriately beedkeysbupdialsganinoalkd sexcass@ssmydr ogen 30
and i’:m_y excesiI ani nating agegt di@lk_saammbal_avl,_eargl,eﬁf@\k@lcgubthaﬁ ef yamandnd he
resulting crude reaction produ . %S%It k v
fractional rectification. Sui tgl Y'é‘@&%‘?df}héb%%aé%@?ar @égger i?%%%l',x
for exanple, in EP 1 312 600 A SEP 1 312 599 A (both BASF AG. The
excess aminating agent and the hydrogen are advantageously returned
back into the rragii on zone. ThR @RByEBEEN B, A9 SN ak T QPaNkyE t9éivalkyl

converted 35 al cohol, al dehydeS@%’céég&gzq%ﬁgWgﬁ@éﬁ?gg%ggyg &g%l_e

reactants and any suitabl e by-pr , 0 ~can
returned back into the synthesMEroyakngeinealy! sedtashsapiealky: f | owed
agai n i 20t he cycl e gas stream bydroxyetiglamaakylsuctbasiCig bat chwi se or

conti nuous node after 40 cpndeﬁﬁﬁé,'tygmwgfni,{oam ;Eéggg@g;kﬁ sliéh 5511@2_30__
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the invention are, as well as a , .%r}’ﬁ[g 5 d %o%ﬁ’&_ldi? S
It is possible by the process ak¥orliiangneaku pidchiasfenralbramipopkddt e,
for exanple, am nes (OCRERCRER?),-(OCRER?), aryl, heteroaryl, aralkyl such
25 as Crap-aralkyl, heteroarylalky! such as Cao-
heteroarylalkyl, alkylaryl such as Crao-alkylaryl,
alkylheteroaryl such as Cas.20-alkylheteroaryl, and Y-
(CH2)m-NR5-(CH:)q or, together, -(CHz)-X~(CHz)m- or

30 R? and R* together are ~(CHz)-X-{CHz)m~,

R5 R0 are each hydrogen (M), alkyl such as Ci4-alkyl,
alkylphenyl such as Cr.o-alkylphenyl,

35 RS, R7, R8, R® are each hydrogen (H), methyl or ethyi,

X is CHz, CHRS, oxygen (O), sulfur (S) or NRS,
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50f the formula | R3 N---1-R4A HR2 in which 10Rl, R2are each hydrogen
(H), alkyl PE®&R48%B 01. 20-al kyl, cycl oal kyl such as C3.12-cycl oal kyl,
al koxyal kyl such as C2-30- al koxyal kyl, di al kyl am noal kyl such as
C3- 30- di al kyl am noal kyl, aryl, aralkyH such as C7.23-aral kyl and
al kyl aryl such as C7.20-al kyl aryl, or t3gether are -(CH2)rX- 15 R3,
R4are each hydr¥gen (H), al kylis dNi@H)asyd@kyl20s.alakylaminoplidyoaiGeyd- such
as C3.12-cycl oal kyl, hydroxyal fxkyisHsbaiRg, Cl- 20hydroxyal kyl,
am noal kyl such as Cl..20-aninoal&yl 20hydr oxyal kyl am noal kyl such
as C2-20- hydroxyal kyl am noal kyl, _al koxyal kyl such as C2-30-
al koxyal kyl , difl kyl ami noal kyl S&0dHeqes fiem 1 8F0@&d| kyl ani noal kyl ,
al kyl am &oal kyl such as C240-al kyl am noal kyl, R5-
( OCR6R7CR5R9) n-;&@tﬁaﬁﬁy), aryl, la@h8k Rlgkts fronf #idw| such 25as
C7. 20-aral kyl, 'heteroaryl al kyl such as "C4-20- heteroaryl al kyl,
al kyl aryl such as C7.20-a|ky|a(yl,‘alkylheteroar¥l_such as )
C4_20- al kyl fhbe piogegsyaccording torheiprianrBereiorenrgierbly fingdgesh fr preparing an
- (CH2) 1- X- ( &k | by e¢acBiR2 pansary B4 s e@alidre Glcakie of ekttt (CH2) m, RS,
Rlare eggh hydrogen (H), alkyl such as Cl4-alkyl, alkylphenyl such as
C740- al kyl phenyl, 35R6, K%, R5, R9are each hydrogen (H), nethyl or
ethyl, Xis CH2, CHR5, oxylgen (0), sulfur (S) or NR5,

HO—(C— R4

(1)

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

0 0
)L )‘I\ 4
15 RTH R R (V1)
with a nitrogen compound of the formula 11l
AN
N—H
S,
R (),
20
where R, R?, R? and R4 are each as defined above.
The reactant alcohol may also be an amino alcohol, for example an amino alcohol of
the formula 1l.
25

As is evident from the definitions of the R? 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 RYR3)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 formuila IV
35
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PF 60463 15 is N(R10)2, hydroxyl, C2-20-alkyl am noal kyl or

C3- 20di al kyPE®BD4EI kyl , Is an integer from1l to
30 and j, k, I, m qgare each integers from1l to 4. The process
accordlng to the invention therefore pdéferably finds use for
preparing an amne | by reactingga pri ry or secondary al cohol of
the formula Il HO-R4 and/or an Rand/ or a ketone of the
formula VI or VII 00 with a nitpogen conpourg of the fornula Il
RI\' NHR2 20 where R1, R2, R3 1each as defined above. The
reactant al cohol may al so be aﬁ am al cohol, for exanple an am no
al cohol of the fornmula Il. 25 As is ‘evident fromthe definitions of
the R2 and Ra¥higldi cal s, the reaction can al so be effected

intranol ecularly in an appropriate amno al cohol, am no ketone or

am no al dehysgk 2T €
2" hydr oger K¥anq R tgaé%sfaya &ﬁeg A ﬁ RA slien SC R PELEI), fcgma{y: SRASE:
repl aced®by the R4(RF &g‘? eé?%ﬂs@a'ﬁ? SHa'é 147 Cadaraliy,
equi val ent of water. éﬁdealiwiao,des&h @d@et@cﬁn@lkﬂam.he i nvention
preferably also finds use in the preparation of a cyclic am ne of the

formila IV is CH, CHRS, oxygen (0), NRS or NCH.CHzOH and

10 R, R8, R7 are each as defined above

by reacting an alcohol of the formula V

RE R7
HO OH
Z (V)
11 R12

15
with ammonia or a primary amine of the formula VIl

RI—NH, (VI

20 The substituents R to R'2, the variables X, Y, Z, and the indices j, k, 1, m, nand g in
the compounds I, I, Ill, IV,V, VI and VI are each independently defined as follows:

Rt, R?, R3, R4, R5, RS, R7, R8, R?, R10, R11, R12;
- hydrogen (H),
25
R3, R+
- alkyl such as Cq.zo-alkyl, preferably C..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, ischexyl, sec-hexyl, cyclopentylmethyl,
30 n-heptyl, isoheptyl, cyclohexylmethyl, n-octyl, iscoctyl, 2-ethylhexyl, n-decyl, 2-n-
propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nonyl and 3-n-butyl-n-nonvl,

- hydroxyalky! such as Ci20-hydroxyalkyl, preferably Ci.s-hydroxyalkyl, more
preferably Ci.4-hydroxyalkyl, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxy-
35 ethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyt and 1-(hydroxy-
methyl)ethyl,
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PF 60463 16 ZR7 R1 1NR12 R1 in which R11 and R12 are each

hydr ogen ( HPF 68463/1 such as Cl- to C20-al kyl, cycloal kyl such as 5C3-
to 012-cycl oal kyl, aryl, heteroaryl, aralkyl such as C7- to

C20- aral kyl, and al kylaryl such as C7- 130 C20- al kylaryl, is CH2,
Cl-1R5, oxygen (0), NR6 or NCH2CH2OH an 10 R1, R6, R7 are each as
defined above bgminealkyl such @Cial-eminoalkyf prefemblymarancAlgb st 421 1 15
W th ammoni a Orarﬁin&héﬂ?ﬁ Y—aﬁﬁﬂo@ﬁxﬁ.‘?ﬁ-aﬁvﬂ?ﬁo-f PIirHdiRysthit! o-ErhmbRSMb! )
20The substituents. Rl o ng t he v?rlsabl es X' Y & and tpq bndl ces
: -am orr};'propyl, -amino-h-butyl, 5-aming-n-pentyl, N={Z-aminoethyl)-2-
i, k. I, m n and"§9

aminoethyl and N-(2-aminoethyl}aminomethyl,

5
- hydroxyalkylaminoalkyl such as Cz.zo-hydroxyalkylaminoalkyl, preferably Ca.e-
hydroxyalkylaminoalkyl, such as (2-hydroxyethylamino)methyl, 2-(2-hydroxyethyl-
amino)ethyl and 3~(2-hydroxyethylamino)propyl,
10 - R5-{OCRSR7CRER?),~(OCRERY), preferably R5-(OCHR’CHR?®),-(OCR8R?), more

preferably R5-(OCH;CHR?®),-(OCRSRY),

- alkylaminoalkyl such as Cz.sp-alkylaminoalkyl, preferably Csz.zo-alkylaminoalkyl,
more preferably Cas-alkylaminoalkyl, such as methylaminomethyl, 2-methyl-
15 aminoethyl, ethylaminomethyl, 2-ethylaminoethyi and 2-(isopropylamino)ethyl,
(R?)HN-(CHa),,

- Y-(CHz)m-NRS-(CH:),,

20 - heteroarylalkyl such as Cs.z0-heteroarylalkyl, such as pyrid-2-yimethyl, furan-2-
yimethyl, pyrrol-3-ylmethyl and imidazol-2-yimethyl,

- alkylheteroaryl such as Cs.ze-alkylheteroaryl, such as 2-tnethyl-3-pyridinyl, 4,5-di-
methylimidazol-2-yl, 3-methyl-2-furanyt and 5-methyl-2-pyrazinyi,

25
- heteroaryl such as 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, pyrazinyl, pyrrol-3-yl,
imidazol-2-yl, 2-furanyl and 3-furanyl,
R', R2, R?, R*:
30 - cycloalkyl such as Ca.i2-cycloalkyl, preferably Ca.g-cycloalkyl, such as cyclopropyl,

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

- alkoxyalkyl such as Caap-alkoxyalkyl, preferably Co.z0-alkoxyalkyl, more preferably
35 Czg-alkoxyalkyl, such as methoxymethyi, ethoxymethyl, n-propoxymethyl,
isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, sec-butoxymethyl, tert-
butoxymethyl, 1-methoxyethyl and 2-methoxyethyl, more preferably Cz.4-
alkoxyalkyl,

40 - dialkylaminoalkyl such as Ca.ap-dialkylaminoalkyl, preferably Csao-dialkylamino-
alkyl, more preferably Cs so-dialkylaminoalky!, such as N,N-dimethylaminomethyl,
(N,N-dibutylamino)methyl, 2-(N,N-dimethylamino)ethyl, 2-(N,N-diethyl-



[N U S S —

the conmpounds I, I, IIl, IV,V, VI and VIl are each independently
defined as PblG0868: R1, R2, R3, R4, R6, R6, R7, R8, RO, R10, R11,
R12: -hydrogen (H), 25 R3, R4: al kyl such as 01-20-al kyl, preferably
Cl14-al kyl, such as nethyl, et hyI n- prpyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, tert-butyl, ent&O I sopentyl, sec-pentyl ,
neopentyl, 1, 2- dinimejetiy, &(UWHI,butylam)thyh%@h@)d}h prcsytanﬂmigthyl and

cycl opent yl et hyln, nﬁ@@o@ﬁp}mnokﬁgh@qnw d.rrfémlaﬁ{mmbpwt (RYYLN- oﬂggt yl,
i sooctyl, 2- ethylhexyl n- decyl n- propy -n- hepty n- trldecy ,

2-n- butyI n-nonyl and 3-n-butyl-n-no droxgalkyl such as

C1- 20- hydr oxyal Rfyl SUCB@éPB?%lW‘aehthB' %*{ﬁal?féfwa‘nw }, fsptng ped Bragbi©y,

Cl. 4- hydBoxyal kptefershig phemsgl, myudpmmmdi thphtﬁylhydkcpngemblylpheriyl hydr oxy-
35et hyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, hydroxy n- propyl

d 1-(hyd 046 h
a0 ol Eﬁ%ﬁas?fyma'kvgrﬁrﬁrﬁsa%w SRRy, SRS aet hy!
2. ami noet hyl . Y et Sty ippet Hymethpbbenvh wzmewpwenyi 2,5
i?? no-n- p{ﬁprgim%ﬁwﬁmbﬁﬁ 26- bmaﬂy;fhén?m Mmmmeh H 35dlmetf%yé§/genyl
amiygoet hy B I A
hvdr oxyaPky| ‘&ﬁﬂm@ 2 238 %’gé‘rg}) J: e
ot ef or abl y° Cad. TRRRY T s G AR Ry % “ropylphenyl,

(2- hydr oxyet hyl é-mrm@sﬂﬁtenylland E-r(-mamwmm)dyet hyl ami no) et hyl and
3- (2- hydr oxyet hyl am no) propyl, 10 -R5-( OCR6RI CR8R9) , - (OCR6RY) ,

preferably R5-( re

RS- ( OCHCHRY) - %ﬁ%ﬁg% 9(’%’3 % a5 mreRbl & CrEn @A, such as benzy),

C2. 30- al'Ry| ami nBAMStAxyDenZLk %ﬂ@ﬂ\’%ﬁh@gbwyhﬂWP%@W%@&PWHWMT@GWL

pref erably C2. 8papky2-ahenytpadiyl I3;phemgpropd, tvpitdmylbatyl, Gatrenyiyltyl, Zpimetyhy| -

15am noet hyl , I . M@F J .

221 sopr opyl A n@%l:?ﬁ‘ﬁ”ﬁi’éﬁ%ﬁ?%w(g&%zr%%aﬁm%ﬁ?}l,hﬁlbheﬁ@fﬂnyl and 2-phenethyl,

- R? and R* or R? and R* together are a -(CHz)-X-(CH2)m— group such as -(CHa)s-,
20 ~(CHa)4~, -(CHa)s-, -(CH2)e~, -(CHz)7-, -(CH2)-O-(CHz)z-, -(CH2)-NRS-(CHz)z-,

-(CH2)-CHRS5-(CHz)z-, -(CH2)2-O-(CHz2)2-, -(CH2)2-NR5-(CHa)2-, -(CHa)2-CHRS-
{CH2)2-, -CH2z-0-(CHz)z-, -CH2-NR3-(CHa)a-, ~-CH2-CHRS-(CHo)s-,

R, Rz
25 - alkyl such as Ci.z¢-alkyl, preferably Cais-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, ischexyl, sec-hexyl, n-heptyl, isoheptyl,
n-octyl, isooctyl, 2-ethylhexyl, more preferably Cq.4-alkyl, or

30 - R' and R? together are a —~(CH2);-X—(CHz)«— group such as -{CHz)s-, -(CHz)s-,
~(CHa)s-, -(CH2)e-, -(CHz)7-, ~(CHz2)-0-(CHa)z-, -(CH2)-NR5-(CHz)2-, -(CH2)-CHRS-
(CHz)z2-, ~(CH2)2-0-~(CHz)2-, -(CH2)2-NR3-(CHz)2-, -(CH2)2-CHR3-{CHa)2-, -CH2-O-
(CHz)s~, -CH2-NR5-(CHy)3-, -CH2-CHRS-(CHo)s-,

35 RS, RW0:
- alkyl, preferably Ci4-alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and tert-butyl, preferably methy! and ethyl, more preferably
methyl,

40 - alkylphenyl, preferably Crag-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-,



Y-(CH2),,,4JR5-(CH2) g, 20-heteroarylal kyl such as
C4. 20- het er p&re0488kyl , such as pyrid-2-ylnethyl, furan-2- ylnethyl,
pyrrol -3-yl nmet hyl and i m dazol -2-yl net hyl, al kyl heteroaryl such as
CA4. 20- al kyl heteroaryl, such as 2-nethyl-3-pyridinyl,

4, 5-di met hyl i m dazol - 2-yl, 3-nethyl - 2- i1 anyl and

5- et hyl - 2- pyr agideyipheBd, B84, @rdedh§ 3,44)6/5-disoniphymyil, &, 3xy2,4-, 2:50\&4-cindy | |

4-pyridinyl, pyBazdidstyiphdl, frPbaritulr CrhoIdRRehy 2- Y| . 2-Turanyl and
3-furanyl, Rl, R2, RSPPR% élgé:ycl oél Ii%fl such %s C3. 12-cycl oal kyl ,

preferably C3.8-cycloal kyl, such as cycl opropyl, cyclobutyl,

cycl opent yl R%‘%Rgﬂz’é’kyl , cycl oheptyl and cyclooctyl, nore preferably
cycl opensyl -andnreygl erleghyy, Iprefedakioxetthkyl such as C2. 30- al koxyal kyl ,
preferably C2.20-al koxyal kyl, nore preferably 35C2-8-al koxyal kyl ,
such as m;ﬁﬁﬁ@t hyl , et hoxynet hyl, n-propoxynethyl,

I SOpr opoxy yI'; n-but oxynmet hyl, isobutoxynethyl, sec-butoxynethyl,
t er t but oxynet hy Blkyl BugheahOx e Chydlkyh eclcalkybsutoas €:hipl G-oxstaalipl, efyer abl y
g- gb g! kf”ﬁy?l kpféteroéﬂn,%t@kﬁymoﬁrasrmaiok(}%-an%u%ballaia”kylam such as l??-l to Cao-

. 30-di yl a refe -di al kyl am no- al kyl, nore
prefer al;ﬁy C3. TB{?@?&FXAy‘?agﬁﬁcg%eaﬁ;i&;%ﬁ?{eg%qﬁg’as N, N- di et hyl am nonet hyl ,
(N, N-di butyl am no) met hyl , 2-(N, N-di net hyl am no) et hyl, 2-(N, N-di et hyl -
PF 60463 18Xani no)ethyl, 2-(N, N-di butyl am no) et hyl,

2- (N, N-di - n- pr opy, atHRe0bRigBY (O R Belfue 1<) INNEE | R aBf8CHENE @, et hyl

3- (N, N-di et hyl am no) propyl , ('R5) 2N ((CH2) d, aryl’ such as
phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl and 9-anthryl,
Spref erdBl y Yphenyl , 1-naphthyl and 2-naphthyl, nore preferably
phenyl , - N{R10)z, preferably NHz and N{CHa)2,

- hydroxyl (OH),

20 - Caz.z0-alkylaminoalkyl, preferably Cy.4s-alkylaminoalkyl, such as methylamino-
methyl, 2-methylaminoethyl, ethylaminomethy!, 2-ethylaminoethyl and 2-(iso-
propylamino)ethyl,

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

Z
- CHz, CHRS, O, NRS or NCH2CH20H,
30
i k
- 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 1t08 (1,2, 3,4, 5,6, 7 or 8),
40 more preferably an integer from 1 {0 6.



al kyl aryl such as C7.20-al kyl aryl, preferably C7.12-al kyl phenyl, such
as 2-net hyl pReé®¢63 3- net hyl phenyl , 4- net hyl phenyl ,
2, 4-di met hyl phenyl , 2,5- di net hyl phenyl, 2, 6-di net hyl phenyl
3, 4-di net hyl phenyl , 3, 5-di net hyl phenyl ,,,102, 3, 4-tri met hyl phenyl ,
2,3,5-trinethyl phenyl, 2,3,6-trinethyl ptienyl, 2,4,6- trinmethyl phenyl,
2- et hyl phenylitatis gedhplspingaythe aovereptipiiedmydrequisites preoyiguatin ethplimary and
3- nf pr Ogl)" P Bedtinbiag Bftokols with @R ¥IiAEODH. furittiah. Kk afeRbls Aty BE .skBightchalry | |
preferably
5, 4- di et hog%’*ﬁec'“#‘%?%ﬁca%&%? %ﬁggﬂéﬁ%ﬁa“@‘#d ke Y 2E Bty
2- pheny! pr op{Fehols: ﬁﬁé‘f%’ ﬁ?ﬁ\@yﬁso BWWWM’WOWB%WF%%W’ “ps 'which
3- phenyl but jabhmmeﬁﬂypheilayihbubwdmonmf%heﬁnyﬁbgermhhg/aﬂumazm for Bxghplaet hyl
a?gH 3) ghin(e r Jé?ﬁm&r ¢a Bﬂmb@&%@m2{%b%‘ ddpropriate are
(99 () z‘ﬁe Loy 5 R e ek GG gy, o e o
- (CH2) - CHRSHP@Q?IZHPIE ewiR Yhep pp lgalcobqleﬁmwma {ligisizy friols,
&?;2524 Cl-l(Rﬁartl(n%ﬂ@ dlycols; Gid2e Oe GaiMA)ed; it is-pfoklbIBING-th&EEhDt of the reactlogl
- N y
R %%ns tﬂbtalﬁ%r%fgrgﬁtl]aiﬂ/?’ %mﬁwﬁ%ﬁboﬂ&?,%cl%oarﬁhé%yﬁ%r po&%@ rElfel"‘L’!

Cl. 8- al kyl, suc n- propyl’, "1'sopropy

i sobutyl, s BEets yl, tert-butyl, n-pentyl, isopentyl, sec- pentyl
neopentyl 1, 2- dlnethylpropyl n- hexyl, isohexyl, sec-hexyl,

glzepltill | TaBamingtion B OZ-Hils, |eao%0&&ptewm 8n Blohs|cBRAET thdTREGIRICBH BTG Y

al ky - c group

such as (Cﬁél}tgggﬁy tﬁw Eq@?’é&g @?ﬁo%n?’if_‘(z%@aﬂn ?%Q%g;&&

-(CH2) - d8(CcHR) 2-, - (CH2) - NR5- (CH2) 2-, - (CH2)- CHR5- (CHR) 2-,
- (CH2) 2- O- (G?E)amqatier( Mé-ﬂmN%(:(sOH@)eﬁdmg off ﬂidZs)eibcﬁDW-tt(e{]d%tﬁm condilighs)-
(CHfZ) 3-, . M a(ﬁﬁt l?ah lésm PORRER or F%Jfﬂze mél‘ﬁﬁ@x‘éd rings
prefera y et hy n- propy i sopropyl

n- butyl , %ﬁta;ﬂlt@éggg?aﬁh@yﬁagﬁgg ert - butyl, preferably nethyl and
et hyl, rmre preferably nethyl, 40-alkyl phenyl , preferably
C7_40- alXy| gheayinatisuot, &sxo%-lemjshddqahangbn thag-seteictior of tidweastion conditions,
4-net hyl pherﬁyh rr%046 d?@ayﬁé B@ﬁh\él 1,6%%ammicb Eﬂ?ﬁ(ﬁﬁﬁ 9{:%[%6' seven-membered

e nmet

2, 6- dlnethyl en t phenyl, 2-, 3-,
4- nonyl phenyBg '¥h 3§§"bgeqﬁ0@dﬁ%@%aﬁ‘ny}énélmlﬁes)

The amination of 1,5-dicls 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 NHa,
monoaminodiglycel (= ADG = HoN-CH2CH2-0-CH2CH»-OH}, diaminodiglyco!

30  (HaN-CH:CH2-O-CHzCH:z-NHz) or morpholine. Particularly preference is given here to
ADG as the process product.
Piperazine is correspondingly obtained with particular preference from diethanciamine.
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-propanclamine, isopropanolamine, 2-amino-1-propanol, 1-methoxy-2-propanol,
3-amino-2,2-dimethyl-1-propanol, n-pentanolamine (1-amino-5-pentanol), n-hexanol-

e s vnmn st d Wt g b i e %



19 4-decyl phenyl, 2,3-, 2,4-, 2,5-, 3,4-, 3,5-dinonyl phenyl, 2,3-,
2,4-, 2,5-,PB6046&knd 3, 5-di decyl phenyl, in particular

C7..20-al kyl phenyl, R6, R7, R8, 170: 5-nmethyl or ethyl, preferably
met hyl, R11, R12: al kyl such as Cl, to Cal -al kyl, cycl oal kyl
such as C3- to Cl2-cycloal kyl, aryl, heteroaryl, aralkyl such as 07-
t o C20- ar al Ryine (kamingtachexangl), ethaonlamipeChiethraol@nioe, tietbandtgmine JN-alkyln
each case aaueﬂﬁﬁmlaﬂmeghmy@mﬁénora% 3CHRAIroxs I%ﬁm{ roparHi-byR-(NH- or
N(RGCHB;”Zef er g eYh arQoé.o’a‘l%lZﬁlélgzt I {@gmal%l RE -X P?g'la ino)ethanol,
C216- al kyl a§1 Hi“a ifgQ ropsé%rarﬁoﬁ 2, PN SRR r—*fhaﬁol N Ridobutyl-

2- met hyl anmi am@ojejtianck LM Nadi seotratytapiine)@handh\2-(hii-d ket toptylamido)ethanol,

2- (i sopropyqum@bn@ héh‘nno)propan@BS Q;ndbiat Mhﬁ@)ﬁ?@@éd@}"&N -gferably
S ot ) A S B OB

2-di met hyl a et | anno 50 opyI am no) et hyl
and 2- (dii sBW@WO nﬁﬁybﬁﬂvi d'EOblGF‘Em'ne)ﬂR@and 3 seferYer, 30
| : propanol, 3-(N,N- d|-tert-butylamlno)propanol 1- dlmethy!amlnopentanol-4 1-di-

10  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-
hydroxycyclohexyl]propane, methoxyethanol, propoxyethanol, butoxyethanol,
polypropyl alcohols, polyethylene glycol ethers, polypropylene glycol ethers and
polybutylene glycol ethers. The latter polyalkylene glycol ethers are converted to the

15 corresponding amines in the inventive reaction by converting their free hydroxyl
groups.

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,

20 cyclohexanol, fatty alcohols, ethylene giycol, diethylene glycol (DEG), triethylene glycol
(TEG), 2-(2-dimethylaminoethoxy)ethanol, N-methyldiethanolamine and 2-(2-di-
methylaminoethoxy)ethanol.

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

25 abovementioned prerequisites, virtually all aliphatic and aromatic ketones. The aliphatic
ketones may be straight-chain, branched or cyclic; the ketones may comprise
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 fo be aminated, it is possible
via the control of the reaction conditions to obtain amino ketones, amino alcohols,
cyclic amines or polyaminated products.

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.



an integer fromlto 4 (1, 2, 3 or 4), preferably 2 and 3, nore
preferably PF6R463n q: 35 -an integer from1l to 4 (1, 2, 3 or 4),
preferably 2, 3 and 4, nore preferably 2 and 3, n: PF 60463 20
Sui t abl e al cohol s under the abovenentig%ed prerequisites are
virtually all primary and secondary al ¢6hols with an aliphatic OH
function. The al cohols may be straight-chain, branched or cyclic.
Secondary aBgii adanyeesams'ablatneﬂhej prsdes@ scofdingrto @i ihyention prel, omdey the

et o BB P TS PR ST
o ogonat | Siehali HHYOse TREPS HieH éa'aﬁu 4 of sl MpAerrgs Pa no
or di al k§| anemurisgihetepsatoros. Toe a@ehsfdeapmydmheabmranbsthmt&menmpé@ under
E) het conflle t Ib RStk rblﬁashMﬂcEHm:@@é inBlly @ﬁamﬁé %dltif)@oﬁ?{@m&geﬁﬁlr@oum e
r ri
T ol s” oo Bt R?eaé’@%%eénga%g@?% AiEyarif0 ofdaRRAfino Biallf, o eisg,
t he cont r ol aRRroprias, aeslpidresenated yrdar thegseadifiensaastha hydpaenatingramination, for
am no al cohexsmple gal deubknorgsie bondsovhanmpolglurdtiopsledtisbydes of Retoaehgdason
of 1,2-gpol §re|t8%9§mlir%'fefﬁeﬁgs' dﬂb%sﬂl@ ﬂﬂﬁs%@t@?&ftF?é‘re%f:h&n%aHtﬁ@!%ttbQBtam

condi t i ons, partic
1, 2- di am no? HB@ cy}égz afﬁ%esd‘?ﬁq‘?&?i“ egfprqc}ﬁ& 1Sdi ol s | eads, dependi ng

on the sel ection of the reaction conditions, to 1-am no-4- hydroxy

conpounds,  preferdhats nemmamg@; tocarmlﬁeﬁmély‘ﬁ?dra'&éﬁéﬂ %ﬂxe%ll&%ngdéhy@es
ni trogen atom (pyrro I di nes) OThe am nation of di ol s l'eads

dependlng on the selection of the reaction condltlons
1- ani no-1B- hipdmaidghyslengsstaidelyde; perpinnaliehisiecthplyiniedyde ,fsop@tyralciehyde
seven- nenbeprdakiengie, wpeftasal m-bhexagan2-athgieanel Aty erteialBassthyl-

Iggcﬁpogaigg%‘?tgﬁal L-medh |Béﬁaﬁa€?ag§%«aid Q@éﬁlﬁljeoﬂ mte% ftfe'%‘i‘%éﬁgﬂeo“ ;gg
IS L R N R R e R
1, 5- di pi per dihethydxpehengiasetaldehyde, 4-formyltetrahydropyran, 3-formyltetrahydrofuran,

20  5-formylvaleronitrile, citronellal, iysmeral, acrolein, methacrolein, ethylacrolein, citral,
crotonaldehyde, 3-methoxypropionaldehyde, 3-aminopropionaldehyde,
hydroxypivalaldehyde, dimethylolpropionaldehyde, dimethylolbutyraldehyde, furfural,
glyoxal, glutaraldehyde and hydroformylated oligomers and polymers, for example
hydroformylated polyisobutene (polyisobutenealdehyde) or hydroformylated oligomer

25 obtained by metathesis of 1-pentene and cyclopentene.

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 hydraxyl group or the
aldehyde group or the keto group is initially converted to the primary amino groups (-
NHz). 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 cligoaldehydes
or di- or oligoketones or keto aldehydes, by intramolecular hydrogenating amination,



It is accordingly possible to obtain fromdiglycol (DEG, by

am nati on WPFH0MEB, nonoani nodi gl ycol (= ADG =

H2N- CH2CH2- 0- CH2CH2- OH), di am nodi gl ycol 30 (H2N- CH2CH2- 0- CH2CH2- NH2)
or norpholine. Particularly preferenceoé%,'s given here to ADG as the
process product. Piperazine is correspondi ngly obtained with
particul ar pyeitaminesefof exampli rytriobdingsa pipardines, hexamethyleneimines, piperazines
N- (2- Hydr ox a8 Mekphdiier azi ne can be obtained fromtriethanol am ne.
35Preference is given to am nating, for exanple, the follow ng

al cohol s: net hanol, ethanol, n-propanol, isopropanol, n-butanol

i sobut anol , ﬁ%“{?ﬂﬁﬁéﬁ@?’am%thﬁ’é@a ng aQe'lE H%dHB%é‘?ﬂ:SP”Y % prifaRr% AbFecondary
stearyl al C(armﬂe,s pal mtyl al cohol, cycl obutanol, cyclopentanol,

cycl ohexanol , benzyl al cohol, 2- phenylethanol 2- (p- nethoxyphenyl)

{Oethanol | Thb Aol ARl RN %fﬁ?ﬂ%%v"irﬂ?fﬁ%ﬁ”%?%*bugﬁdoﬁ'*—
1- met hoxy- 29@%%’%%8@%%@ yldjsogropiermine-and sthyjsigysiohexylamine. For
n- pent anol am:za‘rﬁplé meafﬁﬁdmmgiﬂmfaaddia)kylamdmemwmm as%arﬁﬁiﬂ@%géﬁs am ne

(Nlaf"k”yln 0o han@ﬁ%@ﬁ@ehg @Enﬂﬁ‘e n%étﬂﬂﬂﬁ%ln@%@tﬂylautnﬁeeﬁ BRRGLAHCE:

21 by dr ox e PRSI GIoBrHERINE: BEoPPY RN ieRrpRAIctiiaBRe Hagpmine.

N, N- di et ldirh-apiylaoling h-é)ntyla,mlrza, dhs-bHiglaminepisotptylaminao)-peridaning, s-

m, ﬁg' | S PRAOBIHIrRTISHE Ié}tﬁllﬁ@|n~ ekylaPin¥, Sihexyidrihy |igoThdQ Daﬁﬁﬁt-?nglh 5
, iis et hano

N, N- gw&@xw?'ﬁ@% no ngt ﬁ%e p@ %rﬁﬂ%@rp%ﬁﬁy?ﬁiﬁf Jr%ﬁ%panol

N, N- 01|5et hyl am no) propanol , 3-(N, N-di -n- propyl am no) propanol ,

N, N- di i s@pningsyirepareyitc pqrmwﬂr,préier(ehcd\bydhe ploaesd socondoyg o tb]aa:mehteon
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Chy am SRR 2 22 RiRaRR Mo gy R %ﬁ%@ﬂ@@w@@‘?ze%ﬁmmoma
3- propyl er@ed'@ﬁtjﬁ&fél“'noh@@" b(fromh%awc&ﬁe@mmeth sts A didptiaylamine
1, 6- hex@fedi(fodm ethadel ang digthylayrdieo(DEAY Hiodethyidilyaraipa (feom aaaﬂrwazycenmmol

propoxy et hangio. e sysh me?#mr? @@bvamd Mo(@] msag&g%. nep thyl ene

gl ycol ether Jl;' ers yl ene

sthers. The JPria i it éfﬂ N R I
cor r espondi rﬁ*{?ﬂyﬁﬁﬁﬂ&@ﬂim A} tpenit+(2raminegidviesianelandemiAeEA) and amaionia),
free hydr oxw methoipiperazinarfrorg ule&fahwamrr@fammﬂdA)anhmhsth?p@emhbm N-

T 4 but Zied! O@W&Ewd’an‘“ﬁ@?%mw MR A f—
20cycl ohexartyansiagnn BBTb! endierHis (e onostiarolaes NFSRE y col
(DEGQ, tri etahyhania, bHhgbéxy(antie andbig(2-athyfhex)aimims froet hetkyhetahalrand,
N- et hyl di emw@% Sinaed Bis{tAdediinbiiy [ MmasddnepapialnandotylsHihg abl e
i(ﬁt ones usa rc?m hihelanSi é?ld%%?sl @Sr%Bylgﬂe%%n% Re {ﬂ%ﬁ'ﬁ 2- Hyu‘?&yp%%ylg&ﬁfe a%ﬁ‘ikﬁ#
30  1-diethylamino-4-aminopentane (from 1-diethylamino-4-hydroxypentane and NHa),
N,N-di{C14-alkyl)cyclohexylamine (from cyclohexanone and/or cyclohexanol and
di(C1.4-alkyl)amine), e.g. N,N-dimethyl-N-cyclohexylamine (DMCHA),
polyisobuteneamine (PIBA; where, for example, n~1000) (from polyisobutenaldehyde
and NHs), N,N-diisopropyl-N-ethylamine (HUnig'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 NHs 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.s-alkylJaminoethoxy)ethanol and/or bis(2-di{Cs4-alkyl)aminoethyl)
ether (from DEG and di(C1.s-alkyl)amine), 1,2-ethylenediamine (EDA),
monoethanclamine (MEOA), diethylenetriamine (DETA) and/or piperazine (PIP) (from

3-(
2-(
2-(
2-(
2-(
3-(
3-(
3-(
3-(
10e
1,



25abovenenti oned prerequisites, virtually all aliphatic and aromatic
ket ones. ThEBF&D4gshati c ket ones may be straight-chain, branched or
cyclic; the ketones may conprise heteroatons. The ketones may further
bear substituents or conprise function groups whi ch behave inertly
under the conditions of the hydrogenating am nation, for exanple
al koxy, al kewgpoaigeneadlyopl AHEGIand amamcalalyl, &diaminogs, odipsacatanednder i f
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gi ven, for ﬁmr@spm]@rﬁow@iﬂengm@mQﬁﬁeﬁa e b&?etﬁ@d!éb%l@%re for

ket ones: aceton yl
ot i ket oREER ERHEYeRE R fiHobony5e e hbina ¢ PR g
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m met hoxy ac & egdiegienaderliha dadaHan@FEABL 30 0400, -CR000 yT403 40 MBglt floah ene,
1- pheny}p3- gUgpnone, cycl obutanone, cycl opentanone, cycl opentenone,
cyclohexanone cycl ohexenone, 2, 6-di net hyl cycl ohexanone,

cycl ohept anone, cycl ododecanone, acetyl acetone, nethyl gl yoxal and
benzophenonBxamphs 60463 22 Suitabl e al dehydes usable in the process
according to the invention are, under the abovenentioned
prerequisitEgFi % tuaIIy all aliphatic and aromati c al dehydes. The
aliphatic a %% es may be straight-chain, branched or cyclic; the
al dehydés nﬁgﬁparaéemrﬁ?af@aatmt%W§?bEPésedr%Na%@H%@g REP @#eher bear
subst i t uent sxmErimeohgcosingito BEtA-88R975)r oups whi ch behave inertly under
the conditions of the hydrogenatlng am nation, for exanple al koxy,

al kenyl ox al kyl am n

Sopronr i at AR BSEE sBBE e A R BB opBir S and Airconium

hydr ogenat i ﬁ@etamwﬁmhuf@ﬁlpr%ﬁ 0 hp veigtt o NIgub B by weidhbrlCaso Rt then
pol yf un@oi onelghbdfdRitystess2.82% be weight dh@sesas ddaipieatédsibeltambosty bdy i t
:;n ﬁgsz : gl)ﬁs e Vel IﬁPé‘E&rB an%tréah?wﬁr?éﬁé%%au @@b@h@%rﬁoﬂ?@l%g]r@telﬁhcata .
given. for ﬁ%m%q(iéf o §0%in g wﬁiﬁﬁb’@wg‘emﬁtﬁ@ﬂo 4154 Blges Grrge. o 7.0
al dehydes: 8s ﬂ"@mﬁmm%tb FW%I&ESUB@@@@IJQWBS filierssh addhelBieyenke was washed
n-but yral dehmnleemanamuzaoywﬁéldmﬁms elemrmlcahmwﬁ}@f tH-fiteind Aaakpprox.

h
e e SR e T g ST
p- met hy| benE%P é raﬁagﬁg, B@@g{pg 9@‘@0 ate mlxture obtame int ;s way was
(p- net hoxypﬂ‘@nyiea!mmt@:l atettguiperatuy d-frah M58 th SROEhevey b padet cflddwhyddéhe
4-f or nyl t et cabyshtRRYIrapbreBhdhBXbiesditRIAY 280 by Wiyt of NiO, 28% by weight of

205-fornyl v%logr ?ﬂ’} tb&\:\legqht & éJC? Qr?d éf} bY: %@W&f%&%ﬁ%ﬁ 8&’(%’5{& 'was mixed with

nmet hacr ol ei n

3- et h0>§9 érﬁ ermqigfgmgr@p @ %ﬁ’ﬁk}élﬂﬁ({)‘& aels. J@ﬁmglc tablets were reduced. The
hydr oxypi vaksdudtmeke, pediometdat| 28018 g heatihgehyofe’ C/minute. Reduction was

di met hyl ol bty fHstwigheroof H5 Nbr 50 minutes, then with 25% Ha in Nz for 20 minutes,
then with 50% Ha in Nz for 10 minutes, then with 75% Ha in N2 for 10 minutes and
finally with 100% Ha 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 Nz with a maximum O. 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.



gl yoxal, glutaral dehyde and hydrofornylated oligoners and pol yners,
for exanpl ePRB#&E or nyl at ed pol yi sobut ene (pol yi sobut eneal dehyde) or
hydrof ornmyl at ed ol i gomer 25 obtained by nmetathesis of 1-pentene and
cycl opentene. The ami nating agents useg@sin the hydrogenating

am nation of al cohols, al dehydes or ketones in the pr esence of

hydr ogen mayheatalyst Huis @Hﬁﬂqrr@d&e Gompealtign &y shosedndakly - al i phatic or
cycl oaliphatic or aromatic am nes. 30 When the am nati ng agent used
i's amoni a, E;cé]ﬁ:p@bcohol iC hydroxyl group or the al dehyde group or the

ket o grou convert t he r .

(N1 9 0P, R et S P e BBai et Sbt £2ictvefih, e iR ridelonol
or al deh?demtrratereeti@nieelltmtrajewespmge@ﬁﬁ@smmﬁrdrlmgd%mowmmum ne and

this may Indhwragdr@aséphmetvrasfuwdﬂwéteelnc&th@btnnrho@iMtehmd@ sBlaskebistan the

gi ve the COEm?%R%ﬂé Ok iRl B BlA oty S WA ekl ndhd Latdosfith BE-

Dependi ng on the ¢co EACt on M xture of

reactant st BROYRIDTAP Eéntl nuous node), and depending on the reaction
conditions enployed - pressure, tenperature, reaction tine (catalyst
hourly gpacexygheeity) - it is possible in this way to prepare

f t

B 60463 23 Ty eRph Ak rSBRA ooy LTl BLY S rSarfiRl fiel®
hexaret hy| eRipifandsoba plesta wan sanged aﬁw jpgly.ilmaddition, a Sralgtlwfrboa%wd
ammoni a, theaamcopbiatgl inQelnd stillussst finergaleqsadd i dbtaipthienmidy noxture

secondary 5 [ f k Y10 ﬁ%bi
pr epar e1gns;§/|5n%"?g?§:08§ﬁ y S@EEAS{;@?JI?[% I - oraatt% gh{r@{/o%gaﬁhéég sug e
et hyl di i'sopr opyl am ne and et hyl di cycl ohexyl am ne. For exanple the

fol | owi ng nbBravplaRd di al kyl am nes are used as ami nating agents:
10mononet hy TRt atelystaiadphéparaianago i RaaltylseRi Hitvevel, eichathaimt Senickel

n-propyl ani ﬂﬁ’rfateddnd ORI AR VB BandeS SRCARNLRT Bss, BBRFORIGRL s
i 5 bOYy T aptienalicaion s biIEte ey, sh %W%Etareﬁeﬂrfér FYitore spechied

i sopent ﬂDanbalew 'Fhermak@r!rs&mtme obtsireghhak dims composition aestydvarin heble .

cycl ohexyl am ne, aniline, toluidine, piperidine, norpholine and
pyrrolidine éﬁ IArgl nes prepared with particul ar preference by the
process accgr( Pr to the invention are, for exanple, rpholine (from
nonoani nodi ¢ h%%ira'yst WAS SRR FrbRIIaopuslY to GaiRlysh3 qu\éevahérreo%mount of nickel

2, 2" - di nor phitaterardi cebdilt/itratt: nas c(‘rBMBEE):cc(riﬁmgimIﬁ)Ediirﬂmdgaimlmmltra)e was

6- di met byl aghaehe @%d%(ﬁrﬁeﬁfﬂ t %@@I o hyﬁﬁ%tﬁ'tﬁ@d&ﬂrﬁé@r{&@ thePVA) ),

triethylamne 20. E ro
di et hyl et hﬁP'HPﬁ’Sﬁf rgh?r\i”’ér”h and DMVA), N-(Cl4-al kyl) nor phol i ne

(from DEG and m)no(CmaI Kyl )am ne), al kyl)piperidine (from
1, 5- pent ane@xahplarrd m)no(Cl 4-al kyl ) am ne), piperazine and/or

di et hyl enet "rhé‘%tﬁ Fpa(-ét{%lda_ é’ %gyﬁ%ﬁvﬁﬁﬂ@?ﬂ& ?{M

and amt hi;]trﬁpe;aé}dé‘fgﬂ etF—;-g\fZ@:snﬁ_ a E%E??{ ingly @B‘ﬁéﬁﬂ%%’eé‘ﬁ?

1 2 et hyl enedicenirated aqBaus KO was addltlonaEIy 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 1.

40 Example 9

Amination of diethylene glycol (DEG)



di et hyl enetri am ne (DETA) and/or PIP (from nonoet hanol am ne ( MEQA)
and ammoni aPF 624k hyl hexyl ani ne and bi s(2-et hyl hexyl)amni ne (from

2- et hyl hexanol and NH3), tridecylam ne and bis(tridecyl)amne (from
tri decanol and NH3), n-octyl am ne (fromgn-octanol and NH3),

1, 2- propyl enedi am ne (from 2-hydroxypropyl am ne and NH3),

301- di et hyl am no 4 am nopentane (from 1-di et hyl am no-4- hydr oxypent ane
and NH3), NidNgdf heldduabdksminatisn efayey inathd foem oF BSrTo VA ehexanpaiewasnd/ or

cycl ohexano
N, N- di et hy nit cl'g %eh]fn—épgd)mh-% é&tgﬁ%ﬁi etﬁer ith.70 (;;Dofdletrglene r‘? ey S;PI
where, for @(@ﬁ@ 5, 4@01 ‘Fﬁ(%HI a%%%va@ﬂ 3diog it and’ the
N, N-di i sbpr amtlawmmmbaaﬂ wéh tvdrogey to 50 &seand(Heaatamto 200°C At 200°C

(NMI:/IP gIA I) S?]pr RYb W&tééﬁllnqmgcté&%hékﬁéqb%éﬂ&bssu% f5BE twisl-d\um?mél ﬁm ne
r nope C e n- propyl am nes (such as

nmono-/ di - %‘?"q? IR rgxawgf%g?ﬁ@f‘"% {E's)ﬂg\ngpyl am ne (DWPA)) (from

pr opi onal deﬁ?‘éj rapidimss. sampiesd i regelign mpigurgrverpfrken and analyzed by means

N, N- di met hy bf BE ichreptatygydphin Foe tHidpdrpdge, & B0 onTRTXpS apinedGCaotihor wacesedne

and DNA)(@ Nﬁ Q't é?é/threﬁg %&Mlo‘?‘ @5% e2hedtto DSPBWiRMN 30 ARHEE! at

but anal , one LSt

2- ( 2-di (C14 1I rﬁ‘ﬁ’i’tﬁ%et hoxy) et hanol and/ or

bi s(2-di (Cmibg mgcmpnoéﬂﬁhyesyltlag reactigf mixtureEo tha gatalysts of Examples 110 8

di (C1. 4- al ky#n paaRé) frord T8blgl.hyl enedi am ne (EDA), nonoet hanol am ne

(MEQA), diethylenetriamne (DETA) and/or piperazine (PIP) (from PF

60463 24 nonoet hyl ene glycol (MEG and anmoni a),

1, 8-di am no- 3, 6- di oxaoct ane and/ or 1-am no-8-hydroxy- 3, 6-di oxaoct ane

(fromtriethylene glycol (TEG and ammonia), 1-nethoxy-2-propylam ne

(1- net hoxyi sopropyl am ne, MJ PA) (from 1-nmethoxy2-propanol and

ammoni a), N-cycl ododecyl- 2, 6-di net hyl nor phol i ne (dodenorph) (from5

cycl ododecanone and/ or cycl ododecanol and 2, 6-di et hyl nor phol i ne),

pol yet heram ne (from correspondi ng pol yet her al cohol and amoni a).

The pol yether al cohols are, for exanple, polyethylene glycols or

pol ypropyl ene gl ycols having a nol ecul ar weight in the range from 200

to 5000 g/ nol; the correspondi ng pol yet heram nes are obtainable, for

exanpl e, under the tradenanme PEA D230, D400, D2000, T403 or T5000

from 10 BASF. Exanpl es Exanple 1 15 Preparation of am nation catal yst

1 (based on Ni-Co-Cu/Zr02 = conparative experinment according to

EP- A- 963 975).



An aqueous solution of nickel nitrate, cobalt nitrate, copper nitrate
and zi rconi Uth @¥8Bat e which conprised 2.39% by weight of NNO 2.39%
by wei ght of CoO 0.94% by 20 wei ght of CuO and 2.82% by wei ght of
Zr02 was precipitated sinmultanegusly in a stirred vessel in a
constant streamw th a 20% aqueous sodi um carbonate solution at a
tenperature of 70C in such a way that the pH, neasured with a gl ass
el ectrode, of 7.0 wesS—ret++ :r‘.cd Fe—EStH-t pensi on was
filtered andtheflltercﬁk A@E%G(;L%ta alized water until
the electrical conducit gtgwaf he ) prox. 25 20 pa
Thereafter, the filltef Pel? &2 | 2| Ps re of 150Cin a
dryi ng cabi net or 3 Spray—e-yer—i-Thethydrdxd onate m xture
obtained in this wdy mas tEen rgeag,-ue.a g.tlenperature of from
450 to 500C over alperiod § 4 ch)grg.cgﬁ% gqsg t hus prepared had
the conposition: 28%py weEght “f ~Ni 0 | gt of CoO, 11% by
wei ght of CuO and 330>qu_w&| ght Zr02 ng-CcRt al jJst was m xed with
30 3% by wei ght of graph & and, Ehaped et $. {The oxidic tablets
were reduced. The rledut. o§ wass ber Pt FOCTdt a heating rate
of 3C/ mnute. Redudti @ ef (BERdE & w1l H2 in N2 for 50
m nutes, then wth [25P6 N2 gorl 20

t

2 o 099 §PIG I

= @7 o

Q "“E d%
?

—
D
)

P

{hdn with 50% H2 in
N2 for 10 mi nutes, fth 1 Ha

} minutes and finally
with 100% H2 for 3 lhoprs@ The. pefcen ¢h {% by vol une. The
35 passivation of tfhe @e@ugdﬁ@a @ | Bre #dd at room
tenperature in dildte :
by vol une). Exanpld 2 ThE caft Iy>t wais
catal yst 1. However|, phe—amount ek
nitrate was changed atcor dEhel yve jgrﬁkﬁ
i ncorporated into tlhej stil K& i s ¥|rT e
oxi de m xture specilfigd eI OW. 6046
obt ai ned had the cqnppsi& gn asg$ R.CV"”J)
catal yst was preparfed ng ous_l; Q’_;Qau
of nickel 5nitrate jand c8b Fdat e] W
addi ti on, amoni umidi hy oqenoho bphat e
still-moist filterdakp, so as o oht &
bel ow. The cat al yst g t husg okg hed
Table |. 10 Exanpl g

h
b 53 [\
catal yst 2. However| g} e:a%? r—'ﬁ-?

n o

D
«Q
114
=

8
3R ° [

I
AN 02 content of 5%
andl ogously to

t-atje and cobal t
ium sul fate was
Ngs to obtain the
Fatjal yst thus

L] Bxanmple 3 The

%o | dwever , the anount
ged gcgordingly. In
porfaPed into the

dé i Xture specified
pgsijt bon as shown in
afal ggously to
t-e~qn@ cobalt nitrate
tipnjoff koric acid was

50 |as &p obtain the

[ hiis aned had t he

(=)
-
D
-
D

6.9
—l’

)
3

— el D\
T
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(D
o
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was changed accordi
i ncorporated into t stlll-rmls
oxi de mi xture specilfi pd belw. Jh
conposition as shown {n f_Pp\@ e |
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7
1

D
Vi
hours] GC %

2

12

2

2

4

4

4

4

Time [con

Dot.
%
05
1.0

1.1
1.6
0.8
1.5

5

Dot
S
P
B

Nb
Pb

%
0.5
8.5
10.3
9.6
11.5 | Ga
107 | Sb
9.7

Catalyst*
Cu
1
9.8

Co
%

diethylene giycol

morpholine
aminodiglycol
methoxyethanol

%
2191219

33.0| 3.6
*Catalyst composition in % by weight; remainder up to 1(2“J

** Amination activity: DEG converted/geat-h in 2 h samp

315| 386
3151 35
36.0f 3.9
3201 3.6
320| 34
71 3401 35

Ni

#
1
2
3
4
5
6
8

Tabetle 1

Table I:
DEG

R
MeOEt

ADG



15 Exanpl e 5 The catal yst was prepared anal ogously to catal yst 2.
However, thEBF&ett of nickel nitrate and cobalt nitrate was changed
accordingly. In addition, niobiumdichloride was additionally added
to the nitrate solution, so as to obtawﬁ t he oxide m xture specified
20 bel ow. The catal yst 5 thus obtai ned“tfad the conposition as shown
i'n Table |I. Exanple 6 The catal yst was prepared anal ogously to

catal yst 2. ver, the anmount of nickel nitrate and cobalt nitrate
was changed accordingly. In addition, galliumnitrate was
25additional |y added to the nitrate solution. The catal yst 6 thus
obt ai ned hadh¢ patielaniyeg RrPdistsseandiesitringd foapihe aguequsisleanaterieby

C?t al yi t ?m&cpﬂcfaﬂm etiearealicgpressyrd, etadadrd Ipyssburd.or Bevete brestre barmu gt
of nickel 3 ' ' : ; ' an
ant | mony ox?@*ﬁéf‘s‘%ﬁ@qe SR bater B R é%g;p%% Ynal |y
added to t hB*SWORSOUIUNR 8%1286%‘?@2%%08?? ik aé%{F%PX@ﬁqW T

obt ai ned hagxirastiorpwitpesceitmtedsodimohydrixide Eabitien befoRxrmfierthe pasyinge
cat al yst wagisfiles DasiI&valde@aiefhyinttee srasatck ot arazddOEME bgerlt B kgilNt

of nick nj : t nitrate was changed accordingly. In
b Tl I i

addi tion, additionally added to the nitrate
sol ution. THethe5esg tﬁléttth%cr#ﬁ% matppakareasalinhatic aming BripR suge BiFtesal is ReRrly
in Tabl e | . wétr-bisigd, & = alhnfewateringis afsogiossibiy be aaephratiami of tHESEani®End

60463 26 10o@hehqgldis pRELEISknelh RikieE catal yst in the form of
approx. 0.2 to 1 mmspall was initially charged in a 300 ml autocl ave

together with 70 g of diethyl ene glycol
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.



(0.65 nol). 34 g of liquid ammonia (2 nol) were added to the reaction
m xture, and the 5 autoclave was injected with hydrogen to 50 bar and
heated to 200C. At 200C, hydrogen was again injected, and the total
pressure rose to 180- 200 bar. The aul®cl ave was run at 200C for 12
hours with stirring. At different times, sanples of the reaction

m xture were taken and anal yzed by neans of GC chromatography. For
this purgdebns a 30 m"RTX-5 anmi ne" GC columm was used, 10 with a
tenperature programof: 80C/ 15 m nutes, heat to 290C within 30

m nutes, at 128Qfbddhs fﬂrrpbélﬁmwahanﬁmmgoﬁda&m;gh pfimhAe resul ting
reaction r&)&éé&ﬁﬁﬁ é?éoﬁoh%ld‘e%s’&éxlﬁﬂérl&fto%ﬂ%ﬁﬁ derf 0 8 can be taken
from Tabl eaélldamtro n %n el E%ﬁ%mtém%cﬁﬁf&'a%ﬂ;&! pure products can

be obt ai ne rectification under

reduced prlag»smlea%?l PRyl ik Bl bl o SBrbssure by the known
met hods. IX QCORP ST @08 PG henlenier Y Hect |y in pure form
or as azed?h%g@§11W%tﬁim$lé'r actixg gespesition 6f fspsalydn be dewatered by a
| i qui d- i chefereatstredustionmvithi hydregene emnpasesdxygeli ecaom-hydr oxi de sol uti on
bef ore or mifuihds of iscopitmt, fqﬂcngpei; st nitkedtinale rabpstiohd at i ve dewat eri ng
in the pr 915@@960%13 Ky oF by d@&fd@b@l’tﬂcal-o”ﬂ hods is also
possi bl e. %t&i‘é‘s @@éeal ﬁtthéﬂa &ﬁHﬁQ) ﬁ%tﬂ)"/ y WEig if‘e al i phatic am ne
in the cr o'n ouhés {1 1 }“gto%ﬁrﬁéﬂé%ﬁf fum be 2t all, dewatering
615

is also p nd of the agueous
phase by ‘m dlﬁﬂa‘%n‘@s é’?%ﬁ nce of amination
catal ysts H}@®4b@€J®3$PUDIaﬁd SB{(DJ mspa&ﬁvﬂyeﬁﬁwhaleuithe prior art while
mai nt ai ni REtalyRAIGPRAGIVE abRpyatioRetthytdyy¥odd ikbmg the chem cal
conposi ti ?pisggn fB1RaLie Conposi t| on. The y| eI d of l'inear aninmation

product s é%s @éo‘?élﬁgtto ci% eI%IHtﬂg wcol , has been
|ncreased 2

i
catal yst. f‘“ht vFr?BPJé’OSIPﬁlé Og e 365% Wgcﬁg /Hglga(r:gg?l;r;t: gnt h\?\m ch

is deter mw«} 0%%0%%%1118*@%%392 Q 6107 B%s been reduced by
the speci Meeglécﬂft@ﬁg@l gpmpourds g suidpr,\p niaswb@atls 9h and Pb. 29

gallium, of lead and/or of antlmony, calculated in each case as
H,SO,, H,PO,, Ga,0;, PbO and Sb,0, respectively.

3. The process according to claim 1, wherein the catalyti-
cally 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 sulfur, of phosphorus, of
gallium, of lead and/or of antimony, calculated in each case as
H,SO,, H,PO,, Ga,04, PbO and Sh,0, respectively.

4. The process according to claim 1, wherein the catalyti-
cally active 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 claim 1, wherein the catalyti-
cally active 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.



Cl ai s 1. A process for preparing an am ne by reacting a prinmary or
secondary al cohol, al dehyde and/or ketone with hydrogen and a
nitrogen conpound selected fromthe group of ammonia, primary and
secondary ami nes, in the presence of % zirconium di oxi de-, copper-
and ni ckel -contai ni ng catal yst, wherein the catalytically active
conposition of the catalyst, before its reduction wth hydrogen,
conpri ses oﬁyja@ri’f%ﬁspi‘f&ﬁ@@dip claimdepiheiein e cedyBer, of nickel, in the
range frownlly @tive compositinn afdheertalpst, kefyugdts rebwiiounds of cobal t,

cal cul at eavitishy@o@en.aodipirinest ihéhermngpefrémom 0. 2 to 5. 0% by wei ght of
oxygen conpditedsseby sulchtsf oxgberpduagplodust ziobnigal | i um of | ead and/ or
of anti nony, c@m@wdagsgjoi,n each case as H S»4, H3PO4, Ga, 03, PbO and

Sb203 respegkiNaky, ang, LebRy ddh ot a}lcytéic@gﬁ ¥ active conposition
of the cat aIyt W ey@l@ ?jfse gngjtormlsyb i” 2. The process

accordi ng t?O?f a J/’n%}, S&lnb [ el OX%,$B% goﬁga%ﬁﬁl] gi@ll IC% 1actl ve conposition of

the catalys reductron w rogen conprises in the

range from 0% unds of sul fur, of
phosphor ug, o é‘i"ieﬁﬁﬁ“’@f“? %Eauqﬁdwﬁflye e e ; hy, cal cul ated in
each case 3].% om ]Ef‘“f%rﬁds Y0l espectively. 3.
The proceé‘gt]ahéélﬁ?&ﬁ &f g ri“lg n the catalytically active
conposi tion ?)?Oq pb¥FE §/ OXyS%I?r?f’rl’éT’qupgs‘?e?éFﬁE‘Pi‘@n wi th hydrogen,
conprises in Gtah’é sfedigd¥om 0.5 to 3. 0% by wei ght of oxygen conpounds
of sul fur, ®ffogiRes BHoTEght &f oxyZeR icarPOwIls| atPPatid/ or of anti nony,

cal cul ated i rralsaledoadaiChandy SO4, H3PO4, Ga, 03, PbO and Sb, 03
respectivel y2 to 48% hm@eml@@éwymmlmwgds of oickeln 1, wherein the

cat al yti cal | yalsslatadeas®Pposi ti on of the catal yst, before its
reduction with hydrogen, conprises in the range from1.5 to 4.5% by
wei ght of o8yderproosrpocmoddingfo cleinallf wheralnaiib astelytias Co0. 5. The
process aeglty aithvg compobieibiof thewelygt hetdre i atédlcyibh cal |y active
conposi ti Gmthoﬁ drbRnC R ﬂs’é& in WETMR fidg reduction with hydrogen,

conpri ses 'E'S %@qg %t @Bgyégélcgnﬁjggl{qsq;fzﬂ%mﬁl of oxygen conpounds

of cobalt, ca a? roces$ according to claim

1, wherein j% iﬁl[ active co sition of the catalyst,
before its aﬁ ﬁ§&%8g%h°°%8 PR he range from46 to
ght©

65% by wei unds of zirconi um cal cul ated as ZrO0,,
5.5 to 18%%9‘@\@&% ydfelgbzfy@feﬂx:stg@mr@mgwéﬁo oppels, cal cul ated as
CuO and 20 twletdtedys Migd.ght of oxygen conpounds of nickel,

cal cul at ed 8sThé frocess/accdiiingptoociains 1aodoredli g molagl ai m 1, wherein the
cat al yti cablyofaatitel & EPPRORI thé o9kt it BRatR@YISt, before its
reduction wy§ iRy ds REER oAb RS 1, GJhEﬁﬁn'h@@%l%brom 47 to 60% by

g’)e/' 3\2} gﬁ{ F}é@&‘ﬁ@e%&ﬂg&‘r‘tﬂ&%@ c%#a@;ﬁs?ﬁbéé%tgoqll@q g L4 ae (Z:L%Z aﬁ dt ‘2’51?(’0”’

40% by we X ounds of nickel, calJculated as N O 8.
The p?/oc ess 1@3’8@6‘? %CGOIE]P ga‘m\%glh@ﬁ’eﬁl @lﬁéaté fia] ytically active
conposi t i GAllvctvRgomBeslignal thetf@faéYSédonsmr IS AY Wi t h hydr ogen,
conpri ses ifon anter pngieci rom 48 to 58% by wei ght of oxygen conpounds
of zirconi uh?. 0w protest eccaadingrnlaim 1t whends the oatilglit  of oxygen
conpounds caifly &aReebmpositiod bairtatdy sCdeds N omprise any

further catalytically active component, either in elemental or

in 1onic form.

13. The process according to claim 1, wherein the reaction
is performed at a temperature in the range from 80 to 350° C.



30 to 39% by wei ght of oxygen conpounds of nickel, calculated as N O
9. The process according to claim1l1, wherein the nolar ratio of
nickel to copper in the catalyst is greater than 1 10. The process
according to claim1l1l, wherein the catal ytically active conposition of
the catal yst does not conprise any rheni um and/ or ruthenium 11.
The process according to claim11, wherein the catalytically active
conposi ti on ofidiFee pracessypecordimesodainchgrarea thpseaction and/ or any
zinc. 12. i¥parfpmocesshabqadgphase dtenabsiloielpressines withe t he

catal yti cal lpmg@ctbies ¢9mpasirhidein @he LhE pEafcadt)ist akkeRAe NOt conpri se

any further gﬁg #ﬁﬁ@Hﬂée%ﬁm Gexpnent, either in elemental or in

ionic form wherein the

reaction is & i ‘P&i%?lgpﬁﬁlﬁr‘ﬁ‘ﬁi%’ﬁ‘éfé’g?%m 80 to 350 C
31 14 Th@%}%@é@%@@wﬁp Q&todO8htimes thgmolaiamawié reaction is
per f or ned |rbatschiaomtlmalcblmia@éelatdemdébé@tmleawpdessure in the range
from5 to 30 WRAllw probedshecgdingabaieandl, vdrereibsios tit®gpiessure in the

\r/vﬁgrggl Lr '?hmeQOiln 911&@5 Maa. 1115ro11ﬁ 1 Jf@l@flﬁfe@%ﬁe &%%raﬂic?gl 5800![ ?Imrsns 1t he
nol ar armuntbgﬁé({s%gﬁgé aci?ﬂgo?,aap lhﬁjle% f&i ané‘%or et one used. 16.
The process a C?%%F%C%W&w‘dﬁa% ‘X’ tIE BECR conpound i s
used in fron$ irl‘@llge@lm(ﬂl@fﬁ?ﬁé@l‘taﬁ@ﬁ'ﬁ?ﬂé&edanount based on the al cohol ,

al dehyde and/ a8. K¢ proeesssaadording o clihe 1pwhodsis pecfoanddng to cl ai m 1
wherein the ceatighotgly.i s arranged in the reactor as a fixed bed. 18.

The process agoorligeldatldthifisto olha8, bicREIHOLaRAoEON! | nUOUSI Y.

19. The proces I : erein the reaction is
effected i n'% gﬁ?ﬁ E}apggéqror?ac 20, The roc s according to claim
18, wherein t# PrEs apcordingde Flagmilf, wh %%}@ CHASURBt hod.  21. The
process accas difeged m ekpelngas mglerei n t he al cohol, al dehyde and/ or

t he ketone i s2iisBik pocess amqueimpstosdaint 1 omhereinXhe aIEbhobrocess

accordi ng t alddlgdeadd/onier ledtond RewsaflananiaguediReopitiomr y or secondary

alm ne hsfusedZQSTﬁé‘ pRIIUSOHZ o R E ?dql@iﬁnnl %%erefﬁ%ééﬁrﬁﬁﬁﬁﬁ ?CCOVS' ng to
claim or 'rﬂxgel iy re) ol i ne by
reacting di ﬁ%ﬁgﬁ, 300%?’%%% il Qammnl e? il %lz&h'%he process

according to glal 1for epar .mor phol i ue b
react i nggdl et ﬁg g%éi tPh‘(’]ﬁ"H oacﬁorﬁgﬁp%a B8 gr ni ne )2/5
The process H&%I&Qﬂﬁ@ﬁlﬁ 3630 I ST Ysz(a? 188
( C1- 4- al ky| Yasthrlsae j@ﬁ@amitlawmnan s(2-di (C1 -4-
al kyl ) am noet B¢l Theptveesstagcorhirg fongaidi bfdnpreparing Me@ll-(DEG with
di (Cl- 4- al kyl-)Akylnenorphdbue Pheaeptipedeindans diyegl (IOEGHai m 1 for
pr eparl ng nedehiaded ey M) and/or 1, 2-et hyl enedi am ne (EDA) by
reacting nmonogshylenecasks werdnlYES:1ath o RPFBAkAg 2-(2-di
(Cl-4-alkylDaminoethoxy)ethanol and/or bis(2-di(C1-4-
alkyl)aminoethyl) ether by reacting diethylene glycol (DEG)
with di(C1-4-alkyl)amine.
26. The process according to claim 1 for preparing mono-
ethanolamine (MEOA) and/or 1,2-ethylenediamine (EDA)
by reacting monoethylene glycol (MEG) with ammonia.
27. The process according to claim 1 for preparing 1,2-
ethylenediamine (EDA) by reacting monoethanolamine
(MEOA) with ammonia.
28. The process according to claim 1 for preparing a poly-
etheramine by reacting a corresponding polyether alcohol
with ammonia.



27. The process according to claim1l for preparing 1, 2-

et hyl enedi am ne (EDA) by reacting nonoet hanol am ne (MEOA) with
anmoni a. 28. The process according to claiml1 for preparing a

pol yet heram ne by reacting a correspo3di ng pol yether alcohol with
amoni a. 32 29. The process according to claim 1 for preparing

pi perazinc and/or diethylenetriam ne (DETA) by reacting N-(2-

am noet hy pe?hdis peafesiaicEaEBg)© Glatth 1danRAPAINg PIBTE- The process

accor di ngzing midairndigthflenetpraper (NG doby ireasting dhédn ne (Pl BA) by
reacti ng poliywetiohethanalboiie/dRm X kitlammmoonz. 31. A catal yst, wherein
the catal yt 3@.alleyprécss Y@ oeip astlbindd f6f prep@igaiody-yst, before its

reducti 0”1é@b{1fénzﬁlﬁﬂl'éogliBA)ClWédcﬁﬁ§ ﬂ%%ﬁt&ﬁﬂéﬁyﬁ&ds of zirconium of
copper, gh 4in the range from1.0 to 5.0% by wei ght of oxygen

Co”pounds 0 s»w?{% LGkl Eﬁ;@%al e%tw??gmgc%ﬂ# die range from0.2 to
5.0% by wei gﬁe E}{ Sphosphor us, of

gal lium éat& 3 gfe%s[reg%*j @I[N/l Wé%ﬂ AR T each case as
H2SO4, HSP@!I%GHGQHEPS"“I ZHRAEHP O PRS pRICHT Ilgqﬂ}fnd wherein the

cat al yti catugg len Lo ddipdyiweigh drxysm wanspds oldoes not conpri se
any mol ybeebalralculged aTheOc andinyibe range &bai 2 815.0%her ei n t he

cat al yti calylweida bl veygeorpapotidsief eflfitchd pbatphonst of before its

reduct i on gwiliubn, Byldsdgeibr of anihdiBecldulatedia eaeingee 4 om 0. 3 to 4. 0% by
wei ght of rpxyger. ponpaHos o awd Kulo, afspehrephaidus, of gallium of

| ead and/ etgctﬁ s H S», H3PX4,
Ga, 03, Pb%%gﬁ nﬂglé ?yeallg%ﬁ% @(;JEI%SMBH Th%eca atﬁyst of claim 31,

wherei n the | ti on, he catal yst, before
its reducti 8% A atﬁg& %ﬁ’lﬁ 3\(;1 egg)lé llle c?tﬁé{%?eg ge from0.5 to 3. 0%
by wei ght 25%YSoSaPR4H STy Eﬁ?%ﬁrﬂ@rc BRGEBhor us, of gal i um
of |ead aﬁ]afl@r’ela)fcompﬁwa wre%aed”mna?éa%ﬁ“/@%)bwele Se as H, SO4, H3PO4,
Ga203, Pb@famegmmowbp s foy@il phosphaas, ofgellivas of yst of cl ai m 31,
wher ei n t hendcaidalrydifiagtinbyy, aelcilaedciorpds tase @n [Py he cat al yst, before
i ts reductd WO HPtOegdSh, Corppdctiedyi n the range from1.5 to 4.5%

by wei ght of3oxygenagenmppunRds JIf vaekah tihe cabBtitatyed as CoO. 35.
The catal xé%ﬁv@émﬁ[l(ﬁhmn?ohhé/\&%@étnbéfbl% isababotbhGatd y active

conposi ti qﬁ?d Rizeh B ?its% 1M§{e1ra1 fIR0154S 3 BEMES Q wi th hydrogen,
conpri ses ofox;?jlzﬁc!s i SO ﬁﬂi%fg %h 60511& fof oxygen conpounds
of cobalt of claim 31,

wher ei n t clr ]IBIOW’gg{Cs{%e i3, %F?Se&ﬁ ﬁhe catal yst, before
its reduct @Fﬁﬁ?‘?‘%‘ Yin the range from 46 to 65% by

wei ght of o%g@he é@i suf §laa¥1 3, vdsrarihe capbticaied as zr0,, 5.5 to
18% by weiagtive afmpnsiiparoidhnpiupstsbelbrectsppductiooa¥itul at ed as CuO, and
20 t o 45%lMydrogenghinpokesox yipeangednpo lidds 46046 by wkight cal cul ated as Ni O
33  37. TUiexggdnaloytiouads ¢fldbalt, 3dlculahereiGod.he catal ytically active
conposi ti on3®f THeheuLal alf yhtm defdreid the seduesliyon W t h hydrogen,
conpri ses akctivet ddepbénigecf tho tatdyst] i@ % duewingtith of oxygen conpounds
of zi r conilyiioganbatprétetl teesadge@rom B0 toot. (6 Yy yighei ght of oxygen
conpounds afbxgeppenpotdt cidobiledalagatelitd Cand 25 to 40% by wei ght of
oxygen conpseits: afialykt ok efaim cHl elle@iretheastalytically
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 ZrO.,
5.5 1o 18% by weight of oxygen compounds of copper,
calculated as CuQO, and
20 to 45% by weight of oxygen compounds of nickel,
calculated as NiO.



38. The catalyst of claim31, wherein the catalytically active
conposition of the catalyst, before its reduction wi th hydrogen,
conprises in the range from48 to 58% by wei ght of oxygen conpounds
of zirconium calculated as Zr0,, 7 t® 14% by wei ght of oxygen
conpounds of copper, calculated as CuOQ, and 30 to 39% by wei ght of
oxygen conpounds of nickel, calculated as NO . _39. The catal yst of
claim 31, whéréhs C?‘iﬁbfshﬁ%&;lallﬁla§]r:owb$fe‘fﬁ tretatalgticgdiyper in the catal yst
i s v- eat erchiymepmpositym ofthe calatyatl. psforefts egdiriesvithwher ei n t he
cat al yt i cdiylyogsst jomproonpose rangs fofint he cat al yst does not conpri se
any rheni umdand 6@ biyuvdighi afioxygerddompihiedcaf dtopstonnf cl ai m 31, wherein
t he catal yti cadldulatad tig ¥eOgonposi ti on of the catal yst does not
conprise any for 0§% andhkeichany diyidén comddundsher edipelyst of claim 31,
wherei n the cagfahybi ealhy. a&ti ve conposition of the catal yst does not
conpri se anysfyrdgaphyCatishy b 62b¢ch anhpiRds JIRRARNL, either in
el emental or Lp.[1984 &s m
38. The catalyst of claim 31, wherein the catalytically
active composition of the catalyst, before its reduction with
hydrogen, comprises in the range from
48 to 58% by weight of oxygen compounds of zirconum,
calculated as ZrO,,
7 to 14% by weight of oxygen compounds of copper,
calculated as Cu0Q, and
30 to 39% by weight of oxygen compounds of nickel,
calculated as NiO.
39. The catalyst of claim 31, wherein the molar ratio of
nickel to copper in the catalyst is greater than 1.

40. The catalyst of claim 31, wherein the catalytically
active composition of the catalyst does not comprise any
rhenium and/or ruthenium.

41. The catalyst of claim 31, wherein the catalytically
active composition of the catalyst does not comprise any iron
and/or any zinc.

42. The catalyst of claim 31, wherein the catalytically
active composition of the catalyst does not comprise any
further catalytically active component, either in elemental or
in ionic form.



