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US 4,152,353 (Dow) relates to the amination of alcohols, aldehydes or ketones by
means of specific Ni/Cu 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 selectivity, 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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“runaway ris an unco ure rise ‘e reactor.
When CO i s scavenged by am nes, nethyl-containing secondary
conmponent s &ixeparallehButoperd 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, aidehyde
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 uncontrolled 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
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

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
eliminated as CO. The decarhonylation 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 formation 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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0.5 to 4. 5%hpoyrispiivelypre preferably from0.7 to 3.5% by

We have also found catalysts whose catalytically active composition, before its

35 reduction with hydrogen, comprises oxygen compounds of zirconium, of nickel and of
iron, and in the range from 0.2 to 5.5% by weight, preferably from 0.5 to 4.5% by
weight, more preferably from 0.7 to 3.5% by weight, of oxygen compounds of tin, of
lead, of bismuth, of molybdenum, of antimony and/or of phosphorus, calculated in each
case as SnO, PbO, Bi:03, MoOs3, Sb203 and HaPO4 respectively.

40
More particularly, we have found catalysts whose catalytically active composition,
before their reduction with hydrogen, comprises in the range from
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Preference i's given to a continuous nmethod. 30For the synthesis in
t he gas phase, the reactants are fed to the reactor in a controlled
The process can be performed continuously or batchwise. Preference is given to a

continuous method.

30  For the synthesis in the gas phase, the reactants are fed to the reactor in a controlled
manner, preferably in a cycle gas stream, evaporated and in gaseous form. Suitable
amines for a gas phase synthesis are amines which, owing to their boiling points and
the boiling points of their reactants, can be kept in the gas phase within the process
parameters by process technology means. The cycle gas serves firstly to evaporate the

35 reactants and secondly as a reactant for the amination.

In the cycle gas method, the starting materials (alcohol, aldehyde and/or ketone,
hydrogen and the nitrogen compound) are evaporated in a cycle gas stream and fed to
the reactor in gaseous form.

40 The reactants (alcohol, aldehyde and/or ketone, the nitrogen compound) may also be
evaporated as aqueous solutions and passed to the catalyst bed with the cycle gas
stream.
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catalytically active ingredients.
In the 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

30 shaped body, i.e. do not comprise any further catalytically active ingredients.
[n this connection, the oxidic support material zirconium dioxide (ZrQ.) is considered to
be included in the catalytically active composition.

The catalysts are used in such a way that the catalytically active composition ground to
35 powder is introduced into the reaction vessel or that the catalytically active

composition, after grinding, mixing with shaping assistants, shaping and heat

treatment, is arranged in the reactor as shaped catalyst bodies — for example as

tablets, spheres, rings, extrudates (e.g. strands).

The concentration data (in % by weight) of the components of the catalyst are based in
40 each case, unless stated otherwise, on the catalytically active composition of the

finished catalyst after its last heat treatment and before its reduction with hydrogen.
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(ZrQ2) is cthdAldé4ed to be included in the catalytically active

conposition. The catalysts are used in such a way that the
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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 cobalt and/or any zinc, in each case either in metallic (oxidation state 0)
30 form orin an ionic, especially oxidized, form.

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
copper, in each case either in metallic {oxidation state 0) form or in an ionic, especially
35 oxidized, form.
In a particularly preferred embodiment, the catalytically active composition of the
inventive catalysts and of those used in the process according to the invention does not
comprise any further cataiytically active component, either in elemental or in ionic form.
In the particularly preferred embodiment, the catalytically active composition is not
40 doped with further metals or metal compounds.
Preferably, however, typical accompanying trace elements originating from the metal
extraction of Ni, Fe, Sn, Pb, Bi, Mo, Sb are excluded therefrom.



25(B203). The catalytically active conposition of the inventive
catal ysts arRF 60#6d4e used in the process according to the invention
preferably does not conprise any rhenium any ruthenium any cobalt
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20 To prepare the catalysts used in the process according to the invention, various
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.
25
Preference is given to preparing the inventive catalysts by employing precipitation
methods. For example, they can be obtained by coprecipitating the nickel, iron 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
30 zirconium compound and subsequently washing, drying and calcining the resulting
precipitate. The sparingly sofuble 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 soluble
zirconium compounds can be prepared by suspending fine powders of these
35 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
40 precipitation) of all of their components. To this end, an aqueous salt solution

comprising the catalyst components is appropriately admixed with an aqueous base -

for example sodium carbonate, sodium hydroxide, potassium carbonate or potassium
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The zirconium dioxide is used, for example, in the amorphous, monoclinic or tetragonal
35 form, preferably in the monoclinic form.

Shaped bodies can be produced by the customary processes.

The impregnation is likewise effected by the customary processes, as described, for
40 example, in A. B. Stiles, Catalyst Manufacture - Laboratory and Commercial

Preparations, Marcel Dekker, New York (1983), by applying an appropriate metal salt

solution in each case in one or more impregnation stages, the metal salts used being,
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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
30 mixed oxides.

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

35 under the conditions of the hydrogenating amination by the hydrogen present in the
reactor.

For prereduction, the catalysts are exposed to a nitrogen-hydrogen atmosphere first at
preferably from 150 to 200°C over a period of, for example, from 12 to 20 hours, and
40 then treated in a hydrogen atmosphere at preferably from 200 to 400°C for another up
to approx. 24 hours. This prereduction reduces a portion of the oxygen-containing
metal compounds present in the catalysts to the corresponding metals, so that they are



10 to cal ci ne between individual inpregnation steps. Miltistage

| npr egnat i orFesdsde enpl oyed particul arly advant ageously when the
zirconiumdioxide is to be loaded with a relatively | arge anount of
met al . To apply the nmetal conponents i)o t he zirconium di oxi de, the
I mpregnation can be 15effected si mul t and usly with all netal salts or
successi vel yrdsentabyets@rquittnieditiérehit@pasiad ioxygdu abmpeiirads is tletagtive form of the
Subsequent | y ta&g@ catal ysts prepared by inpregnation are dried and
preferably aF cal cined, for exanple within the calcination
tenperature ranges already specified 20 above. After the cal cination,
t he cat al yst® fuheapgvaninge af tbe yverive catalysie i theihaethanicalistabiditybie. §ieirdi ng
to a cerkai Raffbds. ThemEtHERicAstddlityBakiibe deletminéd byethe heah@emBaenthgrseund,

W th Shapl ngagaaaARhRg SR P ERIbE. Mo BRI iR by, ROBRIARSHAY

it by mean
heat -t reat i §f@! vqfﬁ%b'ﬂelaﬁtr%%s%wﬁ%ﬁsreg%raﬁa@Ff&tb&Pf@@n&m P%@'Lﬁﬁwafeap@f' Epciyey
to the tenpefthe shaedicatatybtebodpbedurs, agd thiststregsarnay 3abtfer gxempler @uthen t hi s

Vay Conpri s@ylfnhfcaf alrdky bf cfa?éws}/taelsrsl e fﬁi‘%&%g‘i?stér@d {vhén the sRAped cata%t @)d¥
m xt ure in particular in the formo

oxi des aﬁf %;aapﬁeﬁéséxtg%ﬁ%grgéw%%reggwal yéts prepared, for exanple, as

descri bed above are stored as such and, if appropri ate, treated.
Before t hey Taé erageslacesrdirgtta thesihvention E}prﬁé@bb;}ﬁ@i*fﬁ@dd}bopt’r&foﬁdly,dﬁd

However , 3455fbold O rREGF SELBIAEA. Itk JASER PGS
gg:bége gﬁe @é Fhodlba.
Ly gnrﬁ 3@ o6t ool B 19 b prlaer ?f@@ég%top e ine postie g ges

t he cat dPysistseain is asiystadd tarms af tenpesjera.- preshusgyend favniatspnstieh & may thait
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of oxygen conpounds in the active formof the catal yst.
In the 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,
25 aldehyde group or keto group to be aminated.

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.
30
Especially ammonia is used generally with a from 1.5- to 250-fold, preferably from 2- to
100-fold, especially from 2- to 10-fold molar excess per mole of aicoholic hydroxyi
group, aldehyde group or keto group to be converted.
Higher excesses both of ammonia and of primary or secondary amines are possible.
35
Preference is given to employing an offgas flow rate of from 5 to 800 standard cubic
meters/h, especially from 20 to 300 standard cubic meters/h.

The amination of the primary or secondary alcohol groups, aldehyde groups or keto
40  groups of the reactant can be performed in the liquid phase or in the gas phase.
Preference is given to the fixed bed process in the gas phase.
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al cohol gr otipbogenbiitganiieatipn ofigdehydesariddkettDes aregeserally ftdne80 RS0t can
be per f or MedarigLidrygrohd SHtb BoBeABRREbI Rorh B0 §RS5PBRR: AW/ (8 i 1REG Bathifst
given tqth | xed bed process in the ga hase , PF 60464 1 en
%5t MBed. REBSBS R o oD & § el
wor ki ng%Pn PR il %F‘g‘% HLEPNGE PR AL RIS AsE Streqny B de =8y
ket one pl us obiaiehbwa eyclegasiesthetk e passed simul taneously, including
Bygr ogen, oVRe czifthi@thlamw spate veldeitei geseraliyin thelringedicr MO Ltd 2 andpréfevablt
ed reactor r :
pressures (’\)lggr‘h ?h%rtgpl%g;b? om I'%Efe g%déﬁjﬁg&? g%ﬁ%&x%‘?ggdra)%sgﬁbgggélg@?{/ar}dr om
5to5 25 - nore preferably from15 to 25 MPa, and tenperatures of
gener al BY f fberhBlogen ig &Qity theaeadtionigansralf ine@mat@ont of fRO0T}o 490df prefatsbly
from 120 t oinlaf04pmouil 6ESrdMi 60 &F 200 IYef MBI of AlRokdl, AdHyde bPkdiétd dofiponént,
poss bl o t?g%%@'a%ﬁug ol %%CP%EE%‘%%% %@*Es@%@ﬁ%ﬁ@ﬁﬁ%ﬁﬁ?
range from O"®BE{YPMENEGO Bp & .of kelgnes giffers fgmgatf the
pr e? erably Bmnation of qlggl_sﬁ togt aifleast stoichiometric amounts of hydrogen need to be
35 present in the amination of aldehydes and ketones.

Both in the case of operation in the liquid phase and in the case of operation in the gas
phase, it is possible to use higher temperatures and higher overall pressures and
catalyst hourly space velocities. The pressure in the reaction vessel, which results from
40 the sum of the partial pressures of the aminating agent, of the alcohol, aldehyde or
ketone, and of the reaction products formed and, if appropriate, of the solvent used at



A0al cohol, al dehyde or ketone per liter of catal yst (bed volune) and
hour. |f appPFgmMbéate, the reactants can be diluted with a suitable
sol vent such as tetrahydrofuran, dioxane, Nmethyl pyrrolidone or
et hyl ene glycol dinmethyl ether. It is ai)ﬁropri ate to heat the
reactants before they are fed into the action vessel, preferably to
the reacti othettempermabtres specifidd, \Wapprowiatelynigcreasddisy igiastinghhgd@gert beto the
gaseous reagLarls éﬁbﬁ?%‘%&ureal dehyde or ketone plus ammonia or am ne)
are passed over tﬁe catalyst in the presence of hydrogen in a gas
stream preferably hydrogen, selected so as to be sufficiently |arge
f or evapor aBpbvin thecage eéeqmtlegatefopgrehm lIthg/licfuicophage and tn the cageef(from 1
E) 01400 ga'rv)P comftin@bey ek atioh l‘rOlﬂiera% phé‘se%ﬁe%@cé‘@%m'ﬂiﬁmg agilérﬂfcﬁh lab kircifiatedn
to s for the am nation of alcohols are
general ly frc?m%gwrm%%@t ﬁ%ﬁrtl cularly from 100 to 300C, preferably
from 120 to 270C, nore preferably from 160 to 250C. The reaction
t enper at ur e§Vhen théeatalystisogremged ag adiredid, & mayfbead dsterttaghesis fordhaksxlenhigity

are general 'of/thErr@éEh&QtotrﬁlxMa&@@&éthlﬁ}éﬂb@ﬁbk’ trfth@ﬁ’féa%fb With 3G acku;z}s to

pref erahly f

rmy. be- APt el el 656, oo BphPSit ek gl el o aritny ey
preferably 8Bframyldos) rarte by velumaParticulany from te 8P et by valime gnd Bace
vel ocity i spgeingacftdny 40 to Sthgartsdyyelufmreom 0. 01 to 2 and preferably from
0.05 to 0.5 kg of al cohol, aldehyde or ketone per liter of catalyst
(bed vol une)., and, hour. 30 The h fe he reaction

gener al | g R the Fpactn [ ot 6o ana melaeror
from 50 1%0 pote of alponolaseup, gidehydectionn, ordse@@ﬂwecwe ofeeralyissasat |
the amount shave & dbﬂﬁaﬁv@ﬁ&ht dretne dggree @Ncaru RIS e réattisn paelandlselectivity

condi tions %ﬁd thefcalal sirﬁér‘url?@ fafnﬂré‘@ugr‘"e?or%?ﬁrﬂ a?ep)éﬁé’tt h(?lpvé:g th@eﬁ&ﬂm{fﬁ%é’r

ketones diffters fr s 1 n that at
| east st oOi cH’PBﬁ’thofﬁ'@"%‘?ﬁyB'ﬁPEo dyet, o & by.dglatief-pe 35 present in the

am nation of al dehydes and ketones. Both in the case of operation in
the |'iqabd pastae asdtibefiilivht BasSprRbpri lﬁ’éénQiécbrﬁprTeB@cQﬂﬁ dxbexgehydidgeh S

oSSt bl & 't 0ol EnJILANET o hEIREI ALHI S2eaR T} ARRL) RUREAN Bl RRULER, 21

catal yst hour y space” ve
vessel , whi EWdp Eegetien PRFHIsRIrfiRG f%"Lﬁ’Fﬁ'EB‘PetW@ f&ﬁ!@ﬂ%recﬁﬂ@é@@%aw t he

am nat i ng agerikup pafcesdes st dedudbed, fdraedyple, i EFKES @0 Andd BP 1t31@ 599 A

t
Lgagohgn pr BP‘\SF@\ AdXdesd Jmlﬁé}%%@éhtaatnﬁ théh otr&i%nsa% ¥@%ta‘§§ ’gﬂéjby

ni ecti A hy%wg éﬁr%d"tpﬁsh% RRoR e TPisaE A e, B by FEomeglE FRVeT:
case of congicAudridalyde atkebene gempeeenti qui d phase and in the case of 5
continuous operation in the gas phase, the excess am nating agent can

be circul at @ﬂcc%rﬂ%ﬁéé‘ﬁé’a %fsrénﬁréﬁy EN ih roémfsr\uﬁlp? #inedtcah

arranged as or, the sel ectlxlty

of the reactsuned Ea%'&totﬂheesveﬁ%ed @%ﬂwaw&rg%%ms%gaw be fonsdagaiig v,y ¢ 1

i nert paBki Ayple gaspstream over the catalyst bed in batchwise or continuous mode after
condensation of the products in the separator.

Aminating agents in the process according to the invention are, as well as ammonia,
primary and secondary amines.

35
It is possible by the process according to the invention to prepare, for example, amines
of the formula |

Rs3
R! |
—C—R4
A
(o

40 in which



10"dilute” themas it were. The proportion of packings in such

catal yst pr@pagpgsaons may be from20 to 80 parts by vol une,
particularly from30 to 60 parts by volune and in particular from 40
to 50 parts by volune. The water of reaction formed in the course of
the reaction (in each case one nole per1 5 nol e of al cohol group,

al dehyde group or keto group converted) generally does not have a

di sruptive effeﬁi fen the degre%][é)‘t3 C?'%M'%E a@g rPé’sCé 198K IaEfE:ioaﬁ p
4

selectivity and t'he catal yst priate
not renoved therefromuntil thé”&b’f‘{% 128¥°‘qu%’| ”9[1 'ﬁgﬁ £ for

exanpl e by distillation. 20 Af ekexyaiyl dighylaminvaligtsughas Caas
appropri gtely been decorrpressedlalﬁytammeﬂ@ﬁaryma% &ﬁbhadsd:ﬁm(raﬁwmﬁis

am nating agent present are re%mj@@)l( LIIL‘Fnra%f Fto gﬁ&]érbn@_pi de

reaction product is purified, anpl e
rectification. Suitable wor kup Poeesses are descrl bed for exanpl e,
in EP 1 312 600 A and EP 1 312 599 A (both BASF AG) . The excess

amt na{lh ng age?t Ramd the %drogeﬂe &dch Hyehogan &gegkwlsucr?é CPzB—ﬁﬂ(?ﬁé‘ych%ﬂJﬂ
into reaction zone. e sane._apphies lnco

converteg al cohol , al dehyde or gﬁ@f%ﬁé‘“&?@%‘g%y aﬁv%ﬁe% Crzo-
reactants and any suitabl e by- préaualiy) aminoalkylssicty Bs Si-seainiveaikvhe
returned back into the synthesihgdrokjatigtavendaiig suehes@bs can be fl owed
again in the 30 cycle gas streapy@yaiiky &%pgn&j p._.?dcﬂ agajzghwi se
or continuous node after conden at I % Q’I&’%’ ﬁ‘é]‘JCt r():t’ cf‘l
separator. Aninating agents in? Eg?b @& 3% 5N 85 CesredialiiaminPon
are, asel!|l as anmonia, prinaekyhalylssinoaldsychues Geg-alkgeminoajkyl, R®-
possi bl e by the process accor diOQRERFCRARS)|-(OERFRYQBryl, el &S & alk§i@uch

zé?n”p{mel cﬁm gﬁs 68f4 GZhi 4f ormul a gl C; 2o-aralkylﬁ%t§[)§|§la|ﬁgl s/uch'agl'c%o- Ra (1)
heteroarylalkyl, alkylaryl such as Crag-alkylaryi,
alkylheteroaryl such as Ca.a0-alkylheteroaryl, and Y-

20 (CH2)m-NRS-(CHz)q or, together, -(CH2)-X-(CHz)m- or
R? and R4 together are -(CHz)-X-(CHz)m-,
R3, R10 are each hydrogen (H), alkyl such as Ci4-alkyl,
25 alkylphenyl such as Cr4s-alkyiphenyl,
R¢, R?, R8, R® are each hydrogen (H), methyl or ethyl,
X is CHz2, CHRS5, oxygen (O), sulfur (S) or NR5,
30
Y is N(R19)2, hydroxyl, Co-20-alkylaminoalkyl or Ca.a0-
dialkylaminoalkyl,
n is an integer from 1 to 30 and
35
Lk 1,m,q are each integers from 1 to 4.

The process according to the invention therefare preferably finds use for preparing an
amine | by reacting a primary or secondary alcohol of the formula 1l
40



.RI, R2are each hydrogen (H), al kyl such as Cl.26-al kyl, cycl oal kyl
such as C3. PF-6tM64 oal kyl , al koxyal kyl such as C2-30- al koxyal kyl,
di al kyl am noal kyl such as C330- 5di al kyl am noal kyl, aryl, aral kyl
such as C7.20-aral kyl and al kyl aryl suc]g as Cr7-20-al kylaryl, or
toget her are - (CH2) 1- X( k-, 53, Rdar ® each hydrogen (H), alkyl
such as G . 20-al kyl, cyclpal kyl 10such as C3.12-cycl oal kyl ,

hydr oxyal kyl such as (4-28- hydroxyal kyl, am noal kyl such as

Cl. 20- am noal kyl , hydroxyrl kyl g noal kyl such as C2. 20-

hydr oxyal kyl am noal 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 no- 15al kyl ,

al kyl am noalaogior goelilehydeandn adetope aithademiia Vi qrill
(OCR6R7CR8R9) r (OCR8R7), aryl, heteroaryl, ar al kyl such as
C7-20-aral kyl, heteroaryl altkyl such as C4- 20heet er oar yl al kyl

al kyl aryl such as C7.20-al Kyl aryl, aIktheter aryI such as
C4. 20- al kyl heteroaryl, ap 20(CI—|2) — or, together,
-(CH2) 1-X-(CH2),,,- or R2 and R4td§léther are -( @(lCHZ)(n-, Rs,

Rl oare each hydrogen (H) al kyl such as C1. 4-al kyI 25a| kyl phenyl
such as C7. %h@'dﬂbﬂg@ﬁ%@ﬁﬁbourﬁ%ﬂtﬁ%ornﬁ% WR9ar e each hydrogen (H),

nmet hyl or ethyl, Xs 2, 5, oxygen (0), sulfur (S) or N85, 30 is
N(R18) 2, hydroxyl , CZ. 20- aI kyI am ngal kyl or C3-20- dial kyl am noal kyl,
“N—H
J
R (),
10

where R1, R2, R3 and R#* are each as defined above,

The reactant alcohol may also be an amino alcohol, for example an amino alcohol of
the formula Il
15
As is evident from the definitions of the R? and R4 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
20  compound lll is accordingly replaced by the R4(R3)CH- radical with release of one
molar equivalent of water.

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

cyclic amine of the formula IV
25

in which
R"and R2  are each hydrogen (H), alkyl such as Cs- to Cag-alkyl, cycloalkyl such as
30 Cs- to Cyz-cycloalkyl, aryl, heteroaryl, aralkyl such as Cy- to Cap-aralkyl,
and alkylaryl such as C7- to Cap-alkylaryl,

Z is CH3, CHRS3, oxygen {O), NR5 or NCH;CH2OH and



.The process according to the invention therefore preferably finds use
for prepari pgeagsanm ne | by reacting a primary or secondary al cohol

of the formula Il PP 60464 15 Ir HO C R4 H and/or an al dehyde and/ or
a ketone of the fornmula VI or VII 00 5 R3R4 wth a nitrogen
conmpound of the formula Il RI"NH / ® 10 where Rl1, R2, R3 and R4

are each asRtdié Regreaolv as defined above

by reacting an alcohol of the formula V

R R’
HO OH
z V)
11 12
with ammonia or a primary amine of the formula VIIi
R1-NH; (VIII)
10
The substituents R? to R'2, the variables X, Y, Z, and the indices j, k, |, m, nand q in
the compounds |, Il, lll, IV,V, VI and VII are each independently defined as follows:
R1, R2’ R.’:l‘ R4‘ RS, Rsl RT' RB, RB' R10, R11l R12-
15 - hydrogen (H),

R3, R4
- alkyl such as Ci.20-alkyl, preferably C1.14-alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
20 necopentyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, cyclopentylmethyl,
n-heptyl, isoheptyl, cyclohexylmethyl, n-octyl, iscoctyl, 2-ethylhexyl, n-decyl, 2-n-
propyl-n-heptyi, n-tridecyl, 2-n-butyl-n-nonyl and 3-n-butyl-n-nonyl,

- hydroxyalky! such as Ci20-hydroxyalkyl, preferably Cig-hydroxyalkyl, more

25 preferably C1.4-hydroxyalkyl, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxy-
ethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-(hydroxy-
methyl)ethyl,

- aminoalkyl such as C1.zs-aminoalkyl, preferably Cis-aminoalkyl, such as
30 aminomethyl, 2-aminoethyl, 2-amino-1,1-dimethylethyl, 2-amino-n-propyl,
3-amino-n-propyl, 4-amino-n-butyl, 5-amino-n-pentyl, N-(2-aminoethyl)-2-
aminoethyl and N-(2-aminoethyl)aminomethy!,

- hydroxyalkylaminoalkyl such as Cz.z0-hydroxyalkylaminoalkyl, preferably Cas-
35 hydroxyalkylaminoalkyl, such as (2-hydroxyethylamino)methyl, 2-(2-hydroxyethyl-
amino)ethyl and 3-(2-hydroxyethylamino)propyl,



The reactant al cohol may al so be an am no al cohol, for exanple an

am no al cohpFen#s4 he fornmula Il. 15 As is evident fromthe
definitions of the R2 and R4 radicals, the reaction can al so be
effected intranolecularly in an appropr%_ltate am no al cohol, am no

ket one or am no al dehyde. To prepare'the amine I, in a purely
formal sense, aRMRQCRARZORERNAICURIRT)eprafetabhoRR(CITHRTQHRIMAGCRFR?)) wore
accordingly rep{n@ Q)IPW gcg@,_| n) Sbretadi cal with rel ease of one
nol ar equi val en wat e ep ocess ccording to the invention
preferably also finds use in the preparation of a cyclic am ne of the
fornula IV 25 Rekgmuinoalkyl such as Case-alkRamiuRaRyIRarefanalihh Ceo-alkylamineelkyhnd

R12 are gach hyﬁhbmgﬁafefdﬁ)y czaatalﬂwlanﬁwdm 1suéhlas eth{@2mirdnemyl, 2omsthgial Kyl

& 1o coo-aral AUl B e 2T S

60464 16 R1, R6 Jeach as defined above by reacting an al cohol
of the forrrula \% 5 HO

- Y-(CH2)m-NR5-(CHz)q,

10
- heteroarylalkyl such as Cs.20-heteroarylalkyl, such as pyrid-2-ylmethyl, furan-2-
ylmethyl, pyrrol-3-yimethyl and imidazol-2-yimethyl,
- alkylheteroaryl such as Cs.20-alkylneteroaryl, such as 2-methyl-3-pyridinyl, 4,5-di-
15 methylimidazol-2-yl, 3-methyl-2-furanyl and 5-methyl-2-pyrazinyl,

- heteroaryl such as 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, pyrazinyl, pyrrol-3-yl,
imidazol-2-yl, 2-furanyl and 3-furanyl,

20 RY, Rz R3, R%:
- cycloalkyl such as Ca.1z-cycloalkyl, preferably Cas-cycloalkyl, such as cyclopropyi,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, more preferably
cyclopentyl and cyclohexyl,

25 - alkoxyalkyl such as Ca.sg-alkoxyalkyl, preferably C..z0-alkoxyalkyl, more preferably
Cas-alkoxyalkyl, such as methoxymethyl, ethoxymethyl, n-propoxymethyi,
isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, sec-butoxymethyl, tert-
butoxymethyl, 1-methoxyethyl and 2-methoxyethyl, more preferably Ca.s-
alkoxyaikyl,

30

- dialkylaminoalkyl such as Cszao-dialkylaminoalkyl, preferably Ca.zo-dialkylamino-
alkyl, more preferably Cs.1o-dialkylaminoalkyl, such as N,N-dimethylaminomethy|,
(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

35 2-(N,N-diisopropytamino)ethyl, 3-(N,N-dimethylamino)propyl, (R%)2N-(CHz)e,

- aryl such as phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl and 9-anthryl,
preferably phenyl, 1-naphthyl and 2-naphthyl, more preferably phenyl,

40 - alkylaryl such as Crao-alkylaryl, preferably Cr.12-alkylphenyi, such as
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-
dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl,



(V) with ammonia or a primary amine of the formula VII1 RL-NH2(VIII)
10 The substRRG&0#64s RL to RL2, the variables X Y, Z and the indices
J,k,I,mnandqlnthecorrpoundsl [, 1, 1v,Vv, VI and VIl are
each independently defined as foll ows: 1 Rl, R2, R3, Rit, Rs, Rs,
R7, Rs, Rs, R10, R11, R12: 15 -hydrogen ?H) R3, R4: al kyl such’ as
_Cl- 20- al kyI préf3€4f mmyhymeayt 28 Ryttimetbyiphergh Zrﬁai-tmyneth)mtieyyl 2,458pr opyl ,
I sopr OFY: . N- butrithethjieh ItﬂJethyﬁJﬁQn)@‘Q-éfthylrleﬁeﬁﬂ% ﬁfb‘tﬁy!ﬂ en Ilﬁlb‘i'dﬂylplhenyl

| sopentyl, sec-pen Nt i me propy n- hexyl ,

. @%%r&)%@l%l a%e4 OPH@E‘&W

| sohexyl, sec-hex penty n- heptyl |soheptyl
cycl ohexyl nmet hyl , n-octyl, |sooctyl 2- ethylhexyl n- decyl ,
2- npropyls- n- hep'agdlkyl sud‘udsdb@yéralkﬂ pretuﬁbﬂ Gﬂg-lpberyy!allwhd;uch as benzyl,

3-n-butyl- “Cgoglﬂl Ghenayn blkdimsitekyazf: ﬁ%n@ﬂﬁ%f@ Bhdi 1-heny-
Euch as hzdroxy ?Pﬁ%a%gmwp%pyi E? jf ﬁg%ny% %?3 phehyl-

1- hydr oxy- n- probyt[vl af@-%p‘EﬁWMWhm@wfefatﬁy b@lﬁvbi@hﬁanohsdpw 2hegnethyl,
1- (hydroxymet hyl ) ethyl, am noal kyl such as CL. 20 am noal kyl ,

pr ef erab' y Cl-8ra c?]ﬁaégﬁi rE)SFW:tB &ﬁersage Q‘”'%’i LS % ueﬁ%gybH)-
2. YR gein 2) 45" 2)s
2 ani no- n-but yl 2 JER ORI 2GR AEHR T (G oY ﬁrﬁﬁs@hw and
N- ( 2- ami noet hy| }{&hirokHBE- f@l'ﬂz 2, H{CH Q4T RY - 20 ) ANRSH CHujbe, i (Gle)>-CHRS-

C2. 20- hydr oxyal koMA -eerlddt, 3pr@ﬂ§NRb-l(0’Hz§;3 -&H,-CHRS-(CHg)s-,
35hydr oxyal kyl am noal kyl, such as (2-hydroxyet hyI am no) net hyl ,

2-(2- hydroxyﬁet hzyl -

- alkyl such as Ci.z0-alkyl, preferably Cig-alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl,
n-octyl, isooctyl, 2-ethylhexyl, more preferably Ci.s-alkyl, or

20

- R and R? together are a —(CHa);—-X—(CHz)k— group such as -(CHz)s-, -(CHz)s-,
-(CHz)s-, -(CHz)s-, <(CH2)7-, -(CH2)-O-(CHz)2-, -(CHz)-NR3-(CHz2)2-, -{CH2)-CHR5-
(CHz)2-, ~(CH2)2-O-(CHz)2-, ~(CH2)2-NR3-(CHz)2-, -(CHz)2-CHR?-(CH2)2-, -CH2-0O-
(CHz)3-, -CH2-NR5-(CHz)s-, -CHz-CHR5-(CHz)s-,

25

RS, R10;

- alkyl, preferably Ci4-alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and tert-butyl, preferably methyl and ethyl, more preferably
methyl,

30

- alkylphenyl, preferably Crao-alkylphenyl, such as 2-methylphenyl, 3-methyi-
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-dinonylphenyi, 2,3-, 2,4-, 2,5-, 3,4- and

35 3,5-didecylphenyl, in particular Cr.20-alkylphenyl,

RS, R7, R8, R®:
- methyl or ethyl, preferably methyl,

40 RW, R



.am no) et hyl and 3-(2-hydroxyet hyl am no) propyl, PF 60464 17

R3- ( OCR6R7 CRBR@N64 - (OCR6R7), preferably R5-( OCHR7CHR9) n- ( OCR6RY) ,
nore preferably R5-(OCH2CHRO) - (OCR6R7), al kyl am noal kyl such as

C2. 30- al kyl am noal kyl , preferably C2. Zoggal kyl am noal kyl , 5nore
preferably C2.8-al kyl am noal kyl, such as? net hyl am nonet hyl, 2-net hyl -
am noet hyl , -et hgkgsuctomeChyd Czo?aﬂ@rt ley i Gaitkyih ebthhagl CatedC12-cycloalkyl, aryl,

2- (1 sopropyl am H&é.%hm'araéﬁéadﬁ'\és(&@ @b-a?él1|§/ﬂa%b alk %ﬁgssdc%%)cﬂa to1Gs0-

het | al kyl
e or Y1 oot Ly fRVIAG) Bressh cate s 4aned BYovRol > 5. y T et T and

i m dazol - 2-yl net hyl , al kyl heteroaryl such as

4. 20- al byl txeteroaryl such as 2-net hyI 3 pyridinyl,

4, 5-di 15net hyl i piy r ﬂr@II

5- net hyl - 2- pyr a2| ny hé’fyé é&)y?ﬁ ‘gg%é.a [ nylzarléi pyridinyl,

4-pyridinyl, pyra2|nyl pyrrol - 3- yI |n1dazol 2-yl, 2-furanyl and
3-furanyl, ZORl R2, R3 R4. cycloalkyl such as C3.12-cycloalkyl,
preferably C3.SNFquqﬁ@gﬁbwp@ﬂgmd¢chmglopropyl cycl obutyl,

cyclopeq yl, cycl ohexyl, cycloheptyl and cyclooctyl, nore preferably
cycl opentyl and cycl ohexyl, 25-al koxyal kyl such as C2.30-a|koxya|ky|,
preferably C2. 2lydip b@vﬁlkyl nore preferably C2.8-al koxyal kyl, such
as net hoxynet hyl , ethoxynethyl n- pr opoxynet hyl , isopropoxynethyl

n- but oxg(/rret hyl r§ﬁ9C?%teﬂ1§/ %Sha{ ég),%
Lttt SR A

C3. 20- di'al kyl anprepgamipplethihr e pref erabl y C3.10-di al kyl ani noal kyl ,
such as N, N-di met hyl am nonet hyI (N, N-di but yl am no) net hyl

2- (N, N-di met hyl a 320’21323) 1110 gl&/%tahf,ydﬁ} 1519918&591 uch as dimethylamino-
2- (N, \-di but yl afit flo) et ﬁhylaml oet 2-diettlylaniifosthyl, 2- nﬁ;}/ovpylam(?:o)ethyl and
2-(diisopropytamino)ethyi,

20
Z:
- CHz, CHRS, O, NR® or NCHzCH20H,
i b
25 - an integer from 1 to 4 (1, 2, 3 or 4), preferably 2 and 3, more preferably 2,
k,m,q:
- an integer from 1 to 4 (1, 2, 3 or 4), preferably 2, 3 and 4, more preferably 2 and
3,
30
n:
“ an integer from 1 to 30, preferably an integer from 1t0 8 (1, 2, 3, 4, 5, 6, 7 or 8),
more preferably an integer from 1 to 6.
35

Suitable alcohols under the abovementioned prerequisites are virtually all primary and
secondary alcohols with an aliphatic OH function. The alcohols may be straight-chain,
branched or cyclic. Secondary alcohols are aminated just as efficiently as primary
alcohols. The alcohols may also bear substituents or comprise functional groups which
40 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



352- (N, N-di i sopropyl am no) et hyl , 3-(N, N-di net hyl am no) propyl,

(R5) 2N- ( CH2P#,604641 such as phenyl, 1-naphthyl, 2-naphthyl,

l-anthryl, 2-anthryl and 9-anthryl, preferably phenyl, 1-naphthyl and
2-napht hyl, nore preferably phenyl, 40-a| kyl aryl such as

Cr. 20-al kyl aryl, preferably Cr7.12-al kyl fhenyl, such as

2- met hyl phexyiible 8- tiplelbphes #¥heh, polhperichajdohble gt exafnple, diaiedrigidigheny|
2,5- dineth larl?i Mglyc%l@a%‘t%&%}ﬂ e Wis po%slﬁre%efrﬁk%htfél%ﬁ%b reaction

e %Fﬁgﬁ&ﬁsmma'ﬂ ReEleren iy i Aehe: ool SMBSY bt RO B eny|

2- et hyl phengtodugset hyl phenyl , 4-et hyl phenyl 2-n- propyl phenyl ,
3-n- propgl phenyl and 4-n- propylphenyl 5- aralkyl such as

C7rr523?hg>r<alog¥he Fnt?ﬁ Elgﬁ glbi ydgys Ié%dsp h?b léﬁ lthe sfeh'fbctpor”f‘tzf thﬁ%\é{%n (fondlnons
- phenyl pr opatciialAdAAT 59- ST SOMARIAHS P g 1T, FRRAUBES y |
2- phenyl butyl, 3-phenyl butyl and 4- phenylbutyl nDre preferably

benzyl, 1- p"rﬁé'ﬁhméhorﬁaﬂl LdidRasaish¥épendifig o thB?ea@f'% é%ﬁhdmons,
Oy a0 f"dﬂﬁ;"&%* d@%@m&”ﬁd&é?%@w Eﬁl@%pou"ﬁf B ivgambbE s
- ( CH2) - C1- 1R#b acipogen aton‘( lidings). CH2) 2-, - (CH2) 2- NR5- ( CH2) 2-,

- (CH) 2- CHRS- (OH2) 2-. - CHR- 0- (OHR) 3-, - CH2- NR5- (Cl - 12) 3- |

o (13"% S"E?l (%E%Inat|&§§111ﬁa%ls I@%]dé Hep%Hﬁlh 3R tt%]sleg:—%tl@i 5fyt‘1e ré&'ﬁ:ﬁérﬁé Blti¥ns,
Ceomaeyt st Ao ooy sy B bl o ¥°§%{8nmﬁ¥eﬂ rod
neopent 95 nings Witha nikkpgei 2pmi(t GWMMHGIMIMexyI sec- hexyl ,

n- heptyl, isoheptyl, n-octyl, isooctyl, 2- ethylhexyl nor e preferably

Ss- ? ( ac:_ég’g TRé @hﬁo 5& %ﬁ%ﬁrd%Eﬁ l?% 0‘1 %Z%W %& FeactugH’ &%thlﬁh@h
- (o) - 0- (2 g ine: wq'zg NRE-qasipg QomPOLWéﬂﬂ giRmemberesings with a
- (CH2) 2- 0- (nmyen atom(( l)lcﬁnd\SR55(dm|®rw+qylpe(n€h® )2- CHR5- (CHZ) 2-, -CHz-0-
(CHfZ) 3- g? Chizs &Rardirfgiypodsiblet& oM JOEG), B§,agﬁiéﬁ Ksty
referably
ﬁ- butyl, i s%ﬁ? Jﬁ&gglgéog 2\?’%%&{]%@@%‘5{#”5&? @ﬁréﬁﬂ@ﬂﬁ@ﬁ@ and
ethyl, norel @%t@‘%@ 3'NHz)3g morpholine. Particularly preference is given here to
ADG as the process product.
Piperazine is correspondingly obtained with particular preference from diethanolamine.
25  N-(2-Hydroxyethyl)piperazine can be obtained from triethanolamine.

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

methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, n-pentanol,

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

35 amine (1-amino-6-hexanol), ethanolamine, diethanolamine, triethanolamine, N-alkyl-
diethanolamines, diisopropanolamine, 3-(2-hydroxyethylamino)propan-1-ol, 2-(N,N-
dimethylamino)ethanol, 2-(N,N-diethylamino)ethanol, 2-(N,N-di-n-propylamino)ethanol,
2-(N,N-diisopropylamino)ethanol, 2-(N,N-di-n-butytamino)ethanol, 2-(N,N-diisobuty!-
amino)ethanol, 2-(N,N-di-sec-butylamino)ethanol, 2-(N,N-di-tert-butylamino)ethanol,

40  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-
butylamino)propanol, 3-(N,N-diisobutylamino)propanol, 3-(N,N-di-sec-butytamino)-



al kyl phenyl , preferably C740-al kyl phenyl, such as 2-nethyl phenyl,

3- met hyl pheA 60484 net hyl phenyl , 2, 4-di net hyl phenyl ,

2, 5-di met hyl phenyl , 2, 6-di net hyl phenyl, 3, 4-di net hyl phenyl,

3, 5-di net hyl phenyl, 2-, 3-, 4-nonyl phen + , 2-, 3-, 4-decyl phenyl,
2,3-, 2,4-, 2,5-, 3,4-, 3,5-dinonyl phen% , 2,3-, 2,4-, 2,5-, 3,4- and

353, 5- di decyprapaaolys-(N,Nadieat-bitygamiao)pEshapol Aidiyétpiiemipbpentd®)-4 Rizdi- RS,

kyl such SoveitgeniaBo, Shhy o) b oINS 0.3 iy BRE B
C12-cycl oal %&?iy,"°ai‘3‘}?'i” ar?@f“@" E§F‘§ﬁn?%8f"8€ﬂ@he§ﬁ% ioégzs’%jg%% C20- ar al kyl ,
and al kyl ar prdrexishicleRexgipropage apethoxyeriangl proposyethaaelhbuexystesoldef i ned
abgvg, E?él p&liraropididaholexpoliethyled glysolldiners, pSlyp@pyRit glptct btheaddnd CH2
an :

t am no , , ,
rZr?et %yl am ngewupyl and 2- 05015propyl am no) et hyl
C3. 23-di al kyl am noal kyl, preferably C3.15-di al kyl am noal kyl, such as

0 e L SR ol AL S s S O o
CHR5, 0, NRSSc-Bytanghbhoiepediol, 1,5-pentapedigly ,éﬁeﬁt@@b 2-qthdhaxepe 4 (1,
2, 3 or 4), cydlafezaad fattyaleordis3ethponegipedd fdietmpdéns dycol (DEG)Kiriethylege glyaol
i nteger fromegy 0-(4dimsthyfamifodihoxdethdhol NeheBliicthandiaRi@ dhd 20@Ld-
preferably me%@?aminoethoxy)ethanol.
15
Suitable ketones usable in the process according to the invention are, under the
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
20 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 C-C
double or triple bonds. When polyfunctional ketones are to be aminated, it is possible
via the contro! of the reaction conditions to obtain amino ketones, amino alcohols,
25  cyclic amines or polyaminated products.

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

acetone, ethyl methyl ketone, methyl vinyl ketone, isobutyl methyl ketone, butanone, 3-

30 methylbutan-2-one, diethyl ketone, tetralone, acetophenone, p-methylacetophenone,
p-methoxyacetophenone, m-methoxyacetophenone, 1-acetylnaphthalene, 2-acetyl-
naphthalene, 1-phenyl-3-butanone, cyclobutanone, cyclopentanone, cyclopentenone,
cyclohexanone, cyclohexenone, 2,6-dimethylcyclohexanone, cycloheptanone,
cyclododecanone, acetylacetone, methylglyoxal and benzophenone.

35
Suitable aldehydes usable in the process according to the invention are, under the
abovementioned prerequisites, virtuaily 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

40 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



3, 30 n: an integer fromlto 30, preferably an integer fromlto 8 (1,
2, 3, 4, 5, FFepdepr 8), nore preferably an integer fromlto 6. 35
Sui tabl e al cohol s under the abovenenti oned prerequisites are
virtually all primary and secondary al cohols with an aliphatic OH
function. The al cohols may be straight-2%ain, branched or cyclic.
Secondary alegarhple £€-Qrieulseonipledonts Wi plyfunctiod bidelagiep or kats ldehydes

al cohol's. The @l ﬁeft &“?Ms E&%fblé\ﬁé‘fhe% t%l'otf gw%%é%lgﬁ c n‘s?@obtallp he

functi onal %ro 3 l ave 1 ner.t % e conditrons o
hydr ogenat i ‘}Eﬁﬁ WCI'? 5‘?"”8?(8?1%'3@"%{?% ‘3'(9r° Utkenyl oxy, al kyl ami no
or dial kyl am no groups, or else if appropriate are hydrogenated under

the condit i PRsferhcd BVl FoP@Fld, ﬂﬂarﬁﬂbnﬂﬂy tﬁ,@rogﬁeﬁéﬂr@&%l@mﬁ&am&ﬁydes
60464 20 double or triple bonds. Wen polyhydric al cohol s,

exanple, diagls or triols, particul a'??é}/ glycaols, are to be am nated
it is possi qu@alfiﬁavqehécei@iﬁ%hveﬁ reppienaldahkes nthyyraldelivide; isplityraldemidai n
preferenti alplvglamehydm, alpeotanblsn-hexankl, 2-cthiylieasnadr2-methypentanil B methyl-

products. Iﬁ@né}m Rty nt%ﬁallgl 5@, (Bl-:-ﬁzélcﬁzﬂgée iR ﬁ%@&a%h%@

| ect a
REIC TRy e e T
ami nation oﬁIMEtMIJhﬂle)a@éa!@hydl%yﬁdndmwgtrafwdtdwfa@e&&rmvktmrabf/dI‘Dhlean
reacti 03 COBCfbﬁﬂyﬁ@!brorﬂiﬂlet 6itrdneRall RSméral) WeioRn, nfedEREMAA Sethylactol&th 2dHir) 0
conpounds, |
(p;? roli d| ne tén%lf{?hy m%ﬁgm% fo@géewdgh‘? g’l“&aé'[o%%ﬁ g‘ﬁygﬁ]h on the
sel ection of’y‘?rﬁé\’pf"@?&eihbﬁﬁ’? @@Pﬁi'ﬂ&'?'l@fﬁg'or‘@'@)erwd&rﬁ'ﬁ%*@ﬂﬁyw%&hy%ﬁ%ﬁﬁds
1, 6- di artbno glyoxg@ivtdm|debydd andiedexfiormgiateer digorhémsiang polwriets, forekamplgen
at om ( hex amﬁ%ﬁﬁoﬁﬁﬁbt@ﬂ %@%obﬁf&f‘e @H\li@@ﬁdté’r{éaﬁfehﬁdé of hfdrStotnBAf&d oligomer

dependi ng Onbltamed %y me?athesns gf1 pen?ene anﬁ cycc:iopen(f)err]mI tions,

The aminating agents used in the hydrogenating amination of alcohols, aldehydes or
20  ketones in the presence of hydrogen may be either ammonia or primary or secondary,
aliphatic or cycloaliphatic or aromatic amines.
When the aminating agent used is ammonia, the alcoholic hydroxyl group or the
aldehyde group or the keto group is initially converted to the primary amino groups
(-NHz). The primary amine thus formed may react with further alcohol or aldehyde or
25  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
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
30 possible in this way to prepare preferentially primary, secondary or tertiary amines as
desired.

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

35 cyclic amines, for example pyrrolidines, piperidines, hexamethyleneimines, piperazines
and morpholines.

As well as ammonia, the aminating agents used may equally be primary or secondary
amines.

40
These aminating agents are preferably used to prepare unsymmetrically substituted di-
or trialkylamines, such as ethyldiisopropylamine and ethyldicyclohexylamine. For



to 1-am no-5-hydroxy, 1,5-diam no conmpounds, or to six-nmenbered rings
wi th a nitr egegn4ss om (pi peridines, 1,5-dipiperidinylpentanes). 20It
I's accordingly possible to obtain fromdiglycol (DEG, by am nation
wi th NH3, nonoam nodi gl ycol (= ADO = H2N- CH2CH2- 0- CH2CH2- OH)

di ami nodi gl ycol (H2N- CH2CH2- 0- CH2CH2- NHB  or norphol i ne. Particul arly
preference iegargple etie fal&mmg RoAdXana dialkpRmee RS Ssdtf Aitihating agents:

Pi perazi ne ﬁn‘&%{hgl%% a‘#ﬂﬁé" W%Hm%aﬁte{h&}éhﬁﬁe R@%@La{%ﬂﬁg di-

from di et ha

from tri et hASPRAATES 1999 ‘ag}’ﬂf‘edi'sé’P@W‘éﬁ"ﬂeo'saﬁ’ﬁoﬁﬁél?thﬂ@mmﬁo? bé‘%!ﬁffmee
t he fol | owi dign-aliyamiies s-botytanime [dj-s-butlamiie, isnbytylemineph-pentglamirepanol |

P‘ bgt anobi béﬂ?lﬁﬁrﬂiéoisopéiﬂﬂé?ﬁﬁéﬂ@hex %théqglfﬁﬁil%mmg iS&- H&ﬂlﬁ?ﬁﬁé‘m

ri decanol ,

L recanol - eietterecaite: RS bbadhe SRObuoifk e BkRAR:

2- (p- nmet hoxyphenyl ) - ethanol, 2-(3,4-dinmethoxyphenyl)ethanol,

1- pheny1- 3- Mm@rep%&dmﬂoﬂ)atmmm preferpnapantat pracess adcsmm‘(gdpmh‘a&ritime,
2-am no- 1 p%%’?d?‘ékam&le%&r%ﬁ&hﬁe frcﬂﬁ?r%ﬁ%mo iglycol), monoaminodiglycol,

?1a;nmn(r)1 r@hl&%/ %ﬁ é{%ﬂ?{ﬁ%ﬂ?fﬁoi@g@{ﬁtﬁw@f Eg) grpoQléﬁcﬂnjj ammonia),

et hanol am n§ dirgetbylaminehexsinelel (from Imxaamlami dimetindarhikg (DMA)), triethylamine
gl et2 hﬁngl an(mﬁethdnalaaaa@n@m’u REDER)), dlmethylethylamlne (from etha?%l and lDMA)
r OX ano
(N Nydl et @kﬁélﬁﬁf o P%%@rﬁ&l‘c’g@“nﬁ @}!, ﬂ{%e afol
N, N-diisé V 9B Papratanegiof qumwa(ﬁiwwxaavﬁ%gwﬁ%\%?ndmr
N, N- dBi sdl&tny;dnamamomdf)ﬁanb(fromwNaMroemgbﬂhMarmaeﬂkEBﬁe)tmdramrr;oma)
m, ﬁ g' - E ﬂllﬁwethy!bmbl%ﬁh@?ﬂ&ﬁ BrREholafii-dntd M#1A), mta’oaﬂnar:z ; O@zﬁﬁﬁﬁ&h N-
\ I e
N, N-di i sg’}ér y‘:ﬁgarl% aﬁ%‘%}% dM&A Nf%ﬁy'ﬁﬂ%q'gfﬂ'ggif‘%{ﬁ% i ropanol ,
N, N- di i sSl?Htv nghipminedPEFAhand/or IR Kira moneetbansianying (vl ﬁ\)anch 60464

1 propanol amaopid),N-ethylhexytanting yidiiis(@@tpytherg)yzntine (from 2-ethylhexanol and
1-di et byl ammp&%@&ﬁé}ﬁiﬁéﬁnd glsﬂhdec%emf h@{ﬁdﬂ?ﬂ@@ééﬁﬁ%d‘hH ?trmf%tﬁgﬁme

S0 ol PEE AL RS et Aol e and ),
hydr oxycycl dfﬂé@swlmn@ﬁaﬁm@nomtan@ﬁy@n Aatirdhylarpipeddvdexyrantane and NHs),

but oxyet hanolN-d§pofalipnopydheayianinel (Bom Radigteidbydrers der veddheRaks bad

pol ypropyl eggc ol M&hmih & $ NRYimethyl-N-cyciohexylamine (DMCHA),

25 polyisobuteneamine (PIBA; where, for example, n~1000) (from polyisobutenaldehyde
and NH3), N,N-diisopropyl-N-ethylamine (Hiinig's base) (from N,N-diisopropylamine
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 propicnaldehyde and/or n-propanol and NHs or DMA),

30  N,N-dimethyl-N-isopropylamine (DMIPA) (from i-propancl and/or acetone and DMA),
N,N-dimethyi-N-butylamines {1~, 2- or isobutanol and/or butanal, i-butanal or butanone
and DMA), 2-(2-di{C14-alkyl)aminoethoxy)ethanol and/or bis(2-di(C1.s-alkyl)aminoethyl)
ether (from DEG and di(C4-alkyl)amine), 1,2-ethylenediamine (EDA),
monoethanolamine (MEQA), diethylenetriamine (DETA) and/or piperazine (PIP) (from

35 monoethylene glycol (MEG) and ammonia), 1,8-diamino-3,6-dioxaoctane and/or
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-dimethylmorpholine (dodemorph) (from
cyclododecanone and/or cyclododecanol and 2,6-dimethylmorpholine), polyetheramine

40  (from corresponding polyether alcohol and ammonia). The polyether alcohols are, for
example, polyethylene glycols or polypropylene glycols having a molecular weight in
the range from 200 to 5000 g/mol; the corresponding polyetheramines are obtainable,

2- (
2-(
2- (
2- (
3-(
3-(
3-(
2



pol ybutyl ene gl ycol ethers. The latter polyal kyl ene glycol ethers are
converted t @rtépdegorresponding amnes in the inventive reaction by
converting their free hydroxyl groups. 10Particularly preferred

al cohol s are nethanol, ethanol, n-propanol, i-propanol, n-butanol,
sec- butanol, 1, 4-butanediol, 1,5-pent anédi oI 1, 6- hexanedi ol ,

2- et hyl hexafglexagpe)| @hvex 8RQladehdrhé PEAIDzabquo anmd, 963 6t F3D0D from

di et hyl ene | (DEGQ, triethylene gl ycol (TEG) ,

2- ( 2- di met hyl am noet hoxy) et hanol , N-net hyl di et hanol am ne and

2- (2-di met hyl am noet hoxy) et hanol . 15 Suitable ketones usable in the
process accéxdinpigsto the invention are, under the abovenenti oned
prerequigites, virtually all aliphatic and aromatic ketones. The

al i phatic k%txgme'? Jmay be strai ght-chain, branched or cyclic; the
ket ones may C | se_heteroatons. The ketones may further bear
substi t uent ?r%na@@ﬁﬁf promatiorheatalyyi 41 (bafed @pNi-£1y- Q\H%E,Ch eamppEtivier t | y
under the cerpirimennhacoofditidie ER+ABG@MEYL i ng am nation, for exanple

al koxy, al kenyl oxy, al kyl am no or dial kyl ami no groups, or else, if
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ﬁneﬁnre ?Ihgneac Qﬁiﬁb@ﬁﬂ%@iﬂ@d w@teﬁ@ﬁth‘%ﬂaeaé}&*tht rmah@haﬁv&wupoﬂﬁé hﬁéﬁé@%}@ﬁ?&none
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cycl ohept anties, heayréaiebatectempemtura oefroth 46@ 108087 C BRéiypatiod@kaho@asdThe
benzoph%ﬁor‘% a%t thid ﬁ@ﬁé dﬁh&’ﬁi&)’&g?obﬁﬁ@rp'zsw ggb the Rf&?%{ﬂ@ﬁﬁéu&‘.t%@

to th L
Vi vt ual |y afceOal RS ACUS Spd 5% Eliwiiary LA ok s ived wit

al dehydes ni@f heweightf giaphitthandshaped tedhllets of heoyidic tabletmeralremmdleﬁwe
nmay conpri seediefict wad seormddgt ZB0EE By 4l RSatiiGyaté Uf $90AhinDRAReGULHEH Wasent S

or conprise ﬁg%t%d‘ﬂﬁﬁg % glr 91%23\‘0?’% fﬁ!ﬁuﬁa% fﬂ}-’)ﬁ w‘itH %‘%l I¥z lHﬂg%r mlnutes,

conditiqns 0 CE [ g\}) ty
O e Do e BNt S phle ey Wby o B Al 70 Tiacts and
appr opri at e finaliyevithyl@0 tgesfat 3 bouradehe pehentagrslatel emch %Dy vdleme. The
hydr ogenat i Bgss.ﬁ\fﬂtlﬂﬁbi tﬁ@ recfu@éd cdth ﬁQﬁ@‘beﬁ&n%aéFFﬂ on fenfpeftturBlifdifie aw%air

triple bond]sh N?t ﬁpa%%s&”ﬁfé &e ﬁgé%gﬁ @P‘egf ket o al dehydes are to

be am nat ed, I's™p the reaction
conditions to obtain am no al cohol s, cyclic amnes or polyanm nated
product 80 Example 2 (comparative catalyst)

An aqueous solution of nickel nitrate, iron nitrate and zirconium acetate, which
comprised 15% by weight of Ni (calculated as NiO), 1.2% by weight of Fe (calculated
as Fez03) and 25% by weight of Zr (calculated as ZrQy), was precipitated
simultaneously in a stirred vessel in a constant flow with a 20% aqueous sodium
35 carbonate solution at a temperature of 70°C at such a rate that the pH of 7.0 measured
with a glass electrode was maintained. The resulting suspension was filtered and the
filtercake was washed with demineralized water until the electrical conductivity of the
filtrate was approx. 20 pS. Subsequently, the filtercake was dried at a temperature of
150°C in a drying cabinet or a spray dryer. The dried hydroxide-carbonate mixture was
40 subsequently heat-treated at a temperature of from 430 to 460°C over a period of
4 hours.



S5Preference is given, for exanple, to am natingly hydrogenating the
foll owi ng alrrdpégs: fornal dehyde, acetal dehyde, propi onal dehyde,

n- but yr al dehyde, i sobutyral dehyde, pival al dehyde, n-pentanal,

n- hexanal , 2-ethyl hexanal, 2- nethylpentanal 3- nethylpentaneI

4- et hyl pent anal , gl yoxal , benzaldehyde p- nethoxybenzaldehyde

10p- et hyl berné alaﬁg/ewd@ mixbé aith auatyakelghtytl graphite and shaped to tablets. The oxidic

(p-met hoxyp WRRELALGRANY zfred&ﬁ?troﬂ wa@'cﬁﬁfeﬁpﬁé’ﬁ%ﬂé@%ﬁ%%%%ﬂﬁmch

4-fornyltetr dro

5-f or myl val &?eo 2098 1418 Vs B R, e o eHocled eyt 10% Ha i Mog
et hyl acr ol ei5A mivites, dhen witho255h ik thetefde20 @m@sh@wwﬂbpﬂ%d—&l inl&hiade,

3- am nopBoPi10mahEes) sk, withyZEY Ky P NAbRd Ci@ityede and finally with 100% He for 3 hours.

di et hyl ol p i t d

ol yoral . of a8 SERTRLAR e b el st P et i ot
for exanpl ecﬂtﬁ' 3 W’%‘?WW'%%%"@P% §'@B€f@3ﬁ%’n(dﬂ6qeﬂrs(6'blﬁ'tw3! QIE‘H%/ eng pf
hydr of or ny| abbdoml tharodBbyabluaieped by net at hesis of 1-pentene and

cycl opent ene. The am nati ng agents used in the hydrogenating

am nat i es_or etones in resence of
hydr ogeﬁIa 1‘[h88atgyﬁ{1t§ps g{ﬁﬂ%“ﬁﬁg ‘i? cB'f”P &V HrShoWR i ?/P al i phatic or
cycloaliphatic or aromati c am nes. \Wen the am nating agent used is
anmoni a, t h&xainplef®ol i ¢ hydroxyl group or the al dehyde group or the

ket NH2
Tﬁeopglrgrgpywﬁebma éé’er@ﬁ’é?&?éﬁéf dugl tt@@at?l?ﬁrﬁaﬁ)ﬂw s (- NF2).

al dehyde or 9 ByurgerphEsenst & Marnppior [ato %il"ﬁ@"'%t %ma §°éﬁf%bt%819
t hi s maytSi n oxide mixtergspegifiechbelaw.tTiecatalywsbd thius obtained g the eampoekiomes t o
gi ve the cosh@ePmTEbRg, preferably symetrical, tertiary am ne.
Dependi ng on the conposition of the reaction m xture or of the
reactant stream (in continuous node), and dependi ng on the reaction
condi tions @ﬁﬁﬂ"ﬁlﬁé‘d - pressure, tenperature, reaction tine (catalyst
hourly spac@heebtalystwss prepdred sn3apuslyitdtatalyst 2 Hbwewayarhmopu@par e

pr ef er enpi a'hbilta%lyﬂ@ét¥ wal %ewaﬁa&afd o the Sfill-Abikt MBIARS, B%sq68btafdhe | N

R e S e

i nt ranol ecuSBYWMpdedtgdnat i ng am nation, 35cyclic anines, for exanple
pyrrolidines, piperidines, hexanethyl enei m nes, piper azi nes and
nor phol i nes gy ASpiee | as ammni a, the am nating agents used nmay

equal | e n’g\ or second am nes. 40 PF 60464 23
q y 29 FH‘IE ca al\</st was preparec? aXalogously to catalyst 2. However, t12n dichloride was

additionally added to the nitrate solution. The catalyst 5 thus obtained had the
composition as shown in Table .

Example 6

30  The catalyst is prepared analogousiy to catalyst 2. However, lead nitrate is additionally
added to the nitrate solution. The catalyst 6 thus obtained had the composition as
shown in Table i.

Example 7

35 The catalyst is prepared analogously to catalyst 2. However, antimony oxide dissolved
in concentrated aqueous KOH is additionally added to the 20% sodium carbonate
solution, The catalyst 7 thus obtained had the composition as shown in Table 1.



exanpl e the foll owi ng nono- and di al kyl am nes are used as am nati ng
agents: non@pddagham ne, di net hyl ami ne, nonoet hyl am ne, di et hyl am ne,
n- propyl am ne, din-propylam ne, isopropylam ne, diisopropylam ne,

i sopropyl et hyl am ne, n-butyl am ne, di-n-butylam ne, s-butyl an ne,

di - s-butyl am ne, isobutyl anine, n-pentyP8nine, s- S5pentyl anine,

i sopent yl amBxample-ghexyl am ne, s-hexyl am ne, iso-hexylam ne,

cycl ohexyl ar, %ata i aretdglnﬁfogh to%&ﬁfslg'%evgp‘{)@mﬂ{ rﬂ@ztﬁibd

5
pyrrolidine.
bl ocess. accdpghaRsly agfé othﬁfaﬁﬁ%tﬁaﬂ’ fin. e e B obAGPa el e (o
monoam nodi gbyposion aschownimbatilgl. ycol , 10 nor phol i ne and/ or
2, 2" -di mgr phol i nodi et hyl et her (DIVDEE) (from DEG and ammoni a),
6- di et hyl arE 0 E%@anol 1 (from hexanedi ol and di net hyl am ne (DWA)),
triethylam e '?‘ rrom et hanol and di et hyl am ne (DEA)),
di nret hyl et hyl ami ne (from et hanol and DVA), N (Cl4-al kyl ) norpholine
(from DEG amghination (oCtiethyleh&gl¢aiib®8) , N- (Cl4- al kyl ) pi peridine (from
1, 5- pent anedi ol and nono(Cl. 4-al kyl )am' ne), pi perazi ne and/or 15

dlethle etr am T from am noet h eth nm ne EEA
ana. el a0 R e OT sotah et Al BFh Al arba B o dieeg e

N, N'- di nmet hymtgﬁllp@haargedw@ g 3000mh antasiave teteten b 76 giof diethweni/gixXro!

1, 2- et hyl enq“oteamd)esz(@BH)qumruMm@nusl(zembwln@fwéddbam fA@ rédokidrInix@ure/ &Hd thé P

(from ”Dnoetaht%@ l/@WaQﬁﬂJiC ﬁ%;gb @eranahgétgngam ° @nd

bi s(2- et hyl am n xano tri cy1amne
and bis(tri (ﬁ‘e‘éé'))‘; P§HYRH@s ’H“!?ﬂefjr?% 8 fRip! PEgRgUTaHiGSe torﬂaeﬁ%?pé’@fﬂ' €(from

n-oct andb amdtoslags wagd i35 2000 fen&2iheurs wigh 6firiogn 2- hydr oxypr opyl ami ne
and NH3), 1-pdigerefent @fitd)QaplREoNBE PeHcBREmMiEr® Were taken and analyzed by means

L ety T A 00 - e o g s e
cycl ohex an0|w1tg,@de@p%r@;u4e aqogsam @fnsgg,yw raingtes, heat to 290°C within 30 minutes, at
N, N- di et hy[290,G YT indlueesy | ami ne (DMCHA) , 25 pol yi sobut eneam ne ( P1BA;

where, f0r §haBin osﬁbn]é?@r@reéﬁlfﬁ’?e@&iownﬁﬂg%‘?&%gé‘é?éﬁ?ﬁs 8N Exdhiies 1to 8

N, N-di i sopraq Huni g' s base)
N, N-di i soprcggék’g%kﬁré réwgfpagpegt al dehyde), N rret hyI N-| sopr opyl am ne

(MMLPA) (from nononet hyl am ne and acetone), n-propylam nes (such as
nmono-/ di - n- propyl am ne, N, N-di net hyl - N- npropyl am ne (DVPA)) (from

pr opi onal dehyde and/ or n-propanol and NH3 or DMVA), 30

N, N- di met hyl - N-i sopr opyl ami ne (DMLPA) (from i -propanol and/ or acetone
and DMA), N, N-di net hyl - N-butylam nes (1-, 2- or isobutanol and/or

but anal , i-butanal or butanone and DVA),

2- (2-di (Cl4- al kyl ) am noet hoxy) et hanol and/ or

bi s(2-di (Cl1. 4-al kyl ) am noet hyl) ether (from DEG and

di (Cl4-al kyl )am ne), 1, 2-ethyl enedi am ne (EDA), nonoet hanol am ne
(MEQA), diethylenetriamne (DETA) and/or piperazine (PIP) (from 35
nonoet hyl ene gl ycol (MEG and ammoni a), 1, 8-di am no-3, 6-di oxaoct ane
and/ or 1-am no-8-hydroxy-3, 6-di oxaoctane (fromtriethyl ene glycol
(TEG and ammoni a), 1-nethoxy-2-propyl am ne (1-nethoxyl sopropyl anm ne,
MO PA) (from 1-met hoxy2-propanol and amoni a),

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

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

pol yet heram ne 40 (from correspondi ng pol yet her al cohol and ammoni a) .
The pol yet her al cohols are, for exanple, polyethylene glycols or

pol ypropyl ene glycols having a nol ecul ar weight in the range from 200
to 5000 g/ nol; the correspondi ng pol yet heranm nes are obtainable, PF
60464 24 for exanple, under the tradenane PEA D230, D400, D2000, T403
or 15000 from BASF.



Exanples 5 Exanple 1 Preparation of am nation catalyst 1 (based on
Ni - Co- Cu/ Zr02 = conparative experinment according to EP-A-963 975).
10An aqueou®Fso4e4 i on of nickel nitrate, cobalt nitrate, copper
hitrate and zirconium acetate W ch corrprl sed 2.39% by wei ght of N Q
2.39% by wei ght of €p6—06-—94% by —yeteht d 2.82% by wei ght of
Zr 02 was precipi tatedﬁsmny,l tara%qH &Y J vessel in a
constant streamwit hl@ 20% aq2pesised Le solution at a
tenperature of 70¢ if=sBch a g 1‘ﬁclf3 sured with a gl ass
el ectrode, of 7.0 |15—was—atntaine suspensi on was
filtered andthefiltercaEe Was| e eral i zed water until
the el ectrical conductivi t%‘ueo-f pprox. 20 pS.
Thereafter, the fi|l tercak &£ r | e ture of 150C in a
drying cabinet or |a spr.ayn:dryer. The r bonate m xture
obtained in this way| wa§, ©hen heat-t enperature of from
450 to 500C over 3 pFngdEof & Foig o yst thus prepared
had the conpositidgn & wei ght of CoQ 11%
by wei ght of CuO gnd 33% vvel ght ¢ at al yst was m xed
wi th 3% by wei ght |of grﬁg te and|sh Is. The oxidic
tabl ets were reduged. The reducfipn at 280C at a
heating rate of 3@/ nj.puEe. Redylkt]of first wwth 10% H2
in N2 for 50 minutles|Qt8ed N €h25% 20 minutes, 25 then
with 50% H2 in N2for<1 M quilels; | il P in N2 for 10
m nutes and final I|yy W 100% H2 tor percent ages are
each % by vol une. |Ehe r;asswau Ao atal yst was
performed at room tfE rrpegavure “?t[@l n N2 with a maxi num
02 content of 5% b)@ volﬂn‘é?). 30| Exar pt i ve catal yst) An
aqueous sol ution dfe|nj,cKer nrtrate, and zi rconi um

cul ated as Ni O,

acetate, which conﬁ‘rl_%eé~ 15% Ly wei ¢
Do by wei ght of Zr

1. 2% by wei ght of |Fe _§_0@I cul a@cﬁ A

(cal cul ated as Zr(Q2)| 5v@s pre@ priat usly in a stirred

vessel in a constgnt EI ow with ja 209 um 35 car bonat e
atdthe pH of 7.0

solution at a tenger@ture of 70C at
measured with a gllasissel ect rodel was he ®esul ting
suspensi on was fil ter@ofba@d t ol she@ wi th
dem neralized wat gr t?..IEthe@I L4 vitg of the filtrate
was approx. 20 pS. Stgseqﬁent , the as dried at a

dfyer. The dried

tenperature of 15( hbi
eatftreated at a

hydr oxi de- car bonat

tenperature of frdg 4 tQurs. PF 60464
25 The catal yst wg apkﬁ?t% and shaped to
tabl ets. The oxi di uctgoE was carried
out at 300C, in ttJ at eD-vvaJs 3C/ m nut e.

Reduction was eff g
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Catalyst*
Cu
%

diethylene glycol

morpholine
aminodiglycol
methoxyethanol

Co
%
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Ni
%
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Table I:
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DEG
OR
ADG
MeOEt

#
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50 mnutes, then with 25% H2 in N2 for 20 m nutes, then with 50% 1-12
in N2 for SHF6i48dtes, then with 75% H2 in N2 for 10 m nutes and
finally with 1009412 for 3 hours. The percentages are each

per cent ages by vol une. The passivation ? t he reduced catal yst was
carried out at roomtenperature in dilu air (air in N2 with an 02
content of not nore than 5% by volune). 10 The catal yst thus prepared
had a conposiérk@n as shown in Table |. Exanple 3 The catal yst was
prepared anal ogously to catal yst 2. However, ammoni um

di hydr ogenphosphat e was incorporated into the still-noist filter cake,
SO as to obt QPrﬁ’aftﬁB'afLUJrBi?foI’ECtﬁcﬁ'ﬂ be ebtgped fromdbe payass crde malgrials e 3
t hus obt &i neettifieatioh nederoathasd pressurasstsianpressufabl elevatedpr@ssire bthehe

cat al yst Wa%g&ﬁzﬁﬁ%ﬂﬁ:‘ésaﬂ%' RAODEYotd Qre%hﬁrl.eiﬁ%th rdu?‘e‘%{f@’ﬁ%@i i%FmBP'éJm

20hept anol ybaat.e was .| nc rated Info t

2s Lo obtal AESHEDRES Mk WafRr AfiBoG a7l pass BB Baev et AT s
obt ai ned haGXtraréloncemtb@gmqmtsated§0@wn\mdnonideradu@od bef@re anpiter the pBitaing
cat al yst wasigilitpar BistiRma maa-l ifh theQAésRhYS bf ot aZ8EIR] agent By known

dlchlorl e add to the nitrate solution. The
cat al yst(aS %h&gq él}sﬁggi 2d theéﬂg@g&om tion as shown in Table

I
Exanpl e 6 3 C@a‘f i1ay G orudepalgy g RAPRAYE 48RP 1P Pregibdl @ﬂeter@ is barely
However, | ear@terrmlsable. if &t adl ddbweateringlis glsapoksibla by 4 bepanationalf theswganic aml

The cat aI Y Slof hetdtpSoPrata By kish hBBodoNPoOsi tion as shown in Table |.
Exanple 7 35 The catalyst is prepared anal ogously to catalyst 2.

However, antinony oxide dissolved in concentrated aqueous KOH is
addi ti orf&l | FoRgHEANt 0 t he 20% sodi um carbonate sol ution. The catal yst
7 thus obt aiThe getamhanbe oanipattintdatalyséshasibeen signifidarttly éngroved over the prior

art while maintaining the good catalyst acfivity by altering the chemical composition of
the active composition. The yield of linear animation products of economic interest,
such as aminediglycol, has been increased, and the extent of undesired

20  decarbonylation, which is determined by the content of methoxyethanol, has been
reduced by establishing specific metal contents in the catalysts.



PF 60464 26 Exanple 8 The cat al yst
catal yst 2. However,
nitrate sol ution.
shown in Table I.
1010 g of the reduced am nation catal yst

to 1 mmspall was initially charged in a 300 nl autocl ave together

I s prepared anal ogously to
bi snuth nitrate is additionally added to the
The catal yst 8 thus obtained had the conposition as
5 Exanple 9 Anlnatlgg of diethyl ene glycol (DEQ
in the formof approx. 0.2

with 70 ocrimgi et hyl ene glycol (0.65 nmol). 34 g of liquid ammonia (2

nol ) were added to the reaction mxture,

and t he aut ocl ave was

Lo eh ¢ At 200C,
Ihgjd regggn Wi A dEQ99Br @féggﬂngaag a"i‘lﬁﬁeilet ot dcdsR 88

bar .

di fferent t{YASESHSE

The

aln 1nject

pressure rose to 180 - 200

'ut cl ave S.run 00C.for 12 hours with stirring. At
“@9‘[5?69%9&

anal yzed by nﬁlaﬁ@rbf atgoheks o §ee %h glcopgls, t pldghydessose,

"RTX-5 am ne' k@@n@aala,ndnmmmraséhere

Qe FoRp ¢oBsEiHR 0L t aken and

a 30 m

t with hydrpgeatamdeapr ogr am of :

80C/ 15 m nut esitrdgeatcontp@NdGelectidd frodDile groupconsistig@0C/ 15 mi nut es.

20 The conposbf kfimOhial Peinif§Udihing, seamidasn

catal ysts of Eﬁﬁt’iﬁPésecﬁeﬂeo}‘qﬂﬁl&&@s&ﬁebﬁ%i}c&ﬁﬁ[ﬁ&6?1&% .

28 Wor kup:

and nickel-containing catalyst;

wherein the catalyst comprises a catalytically active com-
position which comprises, before reduction with hydro-
gen, oxygen compounds of zirconium, nickel, and iron,
and 0.2 to 5.5% by weight of at least one oxygen com-
pound of tin, lead, bismuth, molybdenum, antimony or
phosphorus, calculated as SnO, PbO, Bi,0;, MoO;,
Sb,0; and H,PO, respectively; and wherein the catalyti-
cally active composition of the catalyst does not com-
prise any copper.

2. The process according to claim 1, wherein the catalyti-
cally active composition ofthe catalyst, before reduction with
hydrogen, comprises 0.5 to 4.5% by weight ofthe at least one
oxygen compound of tin, lead, bismuth, molybdenum, anti-
mony or phosphorus.

3. The process according to claim 1, wherein the catalyti-
cally active composition of the catalyst, before reduction with
hydrogen, comprises 0.7 to 3.5% by weight ofthe at least one
oxygen compound of tin, lead, bismuth, molybdenum, anti-
mony or phosphorus.

4. The process according to claim 1, wherein the catalyti-
cally active composition of the catalyst, before reduction with
hydrogen, comprises 0.5 to 14% by weight of an oxygen
compound of iron, calculated as Fe,O,.

afixédapg for the

PF 60464



The particular pure products can be obtained fromthe aqueous crude
materials by 5rectification under reduced pressure, standard pressure
or elevated pressure by the known nethods. The pure products are
obtained either directly in pure fornkgr as azeotropes with water.
Aqueous azeotropes can be dewatered by a liquid-liquid extraction

wi th concentrated sodi um hydroxi de solution before or after the
purifying d&sThelpadcesn acédrging toatlaiie 1deviateinithg catalythe presence of an

azeot r opi ra;gllyg@meaﬁnﬁ@émené@tu%mpgg ba‘oﬁé&quegéﬁmdhe In the case

that the t r d 5;, o crude materi al
i s barel y%%gﬂ%éﬁa C%ﬁlgillsegl &WB@P@A) eﬁﬁtﬁglrjl ng |1 j%?‘so possi bl e by a
separati o8P %qghcé Ebt g‘{ eous phase_. by known net hods.
15Concl usi off: T94 F AFTRIAME ClﬁH;Pﬂa endhg co@ldinas been

si gni fi cagelly ai:mﬁ@m@plos;tx@n Ofﬂi@ optalyst, befprwedu@tlmmﬂaau ning the good
catal yst agytrogeny compaiseet Srig 60hby shnphioall arcanguesidonon of the active
conposi ti un{[t@ﬁ‘lwlﬁbg}cgfatéd RETE @_pl mati on products of economnc

i nterest, rGHsB9 c':cgd}’rﬁp{o clOfs 1P GRere; ﬁcthé%ﬁﬁgr and the extent
of undeS| r dlet [ by the content
of met hox gﬁﬁg &ﬂé &gé Ef@%c@ %hbéé@f%ﬁ?fﬁgﬁ%”ﬁg&t ecific netal
contents ¥ ‘?reeneﬁ? 29 d ai s rocess for preparing an
ani ne, the BQ&QQ%WWMléﬂﬁ@lOX%WWW @itgAniuER| ect ed from the
group consi st calgulatedoas Ay, amdcohol s, secondary al cohol s, al dehydes,

ket ones, ands5nbxg0%es, wabglﬂqffalmijfgéwdmg@mn@nﬁlﬁcmtrogen conpound
sel ect ed f r om41081agE PAPNEONST St ng of anmonia, primary am nes,

secondary agi fy, I e of a zirconium
di oxi de- andunl cég?g&og%é&ifdﬁgﬁ Ead(h vJ élﬁ%\;ﬁ ?%2’% al yst

conpri ses ALY AEUYS QIR on BT s Fa At R OrSH R By | es, bef or e
reduct i on bxg£eg HPBHERES oxygen conpounds of zirconium ni ckel and
iron, and 03Qt<v %kao/evagglme%/gmxxgelmommldafwconmn conpound of
tin, |ead, biesdstutilatedad ¥iOgramdh antinmony or phosphorus, cal culated as

SnO, Pbo, Big43, 55%(1@; watgaﬁ%mmokwcmﬁmbmmand wherein the
catal yticall ycﬁ Lia mm t| on of the catal yst does not conprise

any copper cgor din to .C wherein the
catal yti cal E%T %P?Q/Ceesﬁg % CI8’fmt1 %lglg Eat%bé ore reducti on
with hydr85 ALY ARRRY @119 &h&C& sty CPM VAL at | east one
oxygen co ggenofORPKises ead, bi smuth,  nol ybdenum anti nony or
phosphor us. 35toSS%M}ewplghteﬁmmgmmong)mmdajfaﬁmommmWerei n the
catal yti cal | ycaletilawel &0AFOsidndon of the catal yst, before reduction
wi th hydrogep, mmru}s%l@n%ftﬁ Wﬁ%@ﬂ)é’oﬂ?bﬁﬁﬂ oPhidig, at | east one

oxygen conpoupd .of d, denum anti mony or
phosphor us ro s accor.di to cl wherein the
catalytlcalﬂ g ?PV@eggﬁ? lppéﬂcggﬁ¥ﬂgw%ﬁ?%ﬂ gFaéHQfore reducti on
wi th hydr 6g4% acévmenmpestion doepnategmptiseanyiiiesrmaandxygen conpound
of iron, ecakgileatue. as Fe203.

11. The process according to claim 1, wherein the catalyti-
cally active composition does not comprise any cobalt and/or
Zinc.

12. The process according to claim 1, wherein the catalyti-
cally active composition does not comprise any further cata-
Iytically active component.



30 5. The process according to claim11l, wherein the catalytically
active conposition of the catalyst, before reduction w th hydrogen,
conprises 1.0 to 10% by wei ght of an oxygen conpound of iron,

cal cul ated as Fe203. 6. The procesg;according to claim1, wherein
the catalytically active conposition 01l the catalyst, before
reduction with hydrogen, conprises 1.5 to 6% by wei ght of an oxygen
conpound of 13 0hhe prlcess adceddiag tbePdh 1, whereid ties reaodess according to
claiml, whegatiRdldig acat brat@ﬂddf@@idwo%@nposmon of the

catalyst, bejgrend ﬂ%gga&o in tme%aﬂfmvh fleS@acn t 0_70% by
g of BLasis e ﬂ | Blacelaf G2 Sithabg t@fa,[zégzasa&?OE
8. The pro A0t e |ar'?1a% %Pléq ﬁwocgfoa%f@t ically active
conmposi tio t he cat aI yst bef ore reduction wth hydrogen,

conpri ses 30156f1wpﬁdwsmcg:mlmgftoaialm(yg@her@mmun‘dogenZ| rconi um
cal cul at edcampdndd is ssratdBint @ nfeddp ayronrt gho. %ftoamoaxmgen conmpound of

ni ckel , cafjgu §1daﬁfmﬁi't QOf the Racthhf S@Ie@ﬁﬁfﬁ‘oﬁf(fﬁé to claiml,
\rNgnglt I”O;hg %%;d Céléé’l?olgOgg&%&%%lgghotlpea% g:c y;;’ og%gae
conmpound o a‘&%\%gﬁﬁ?%ﬁleéﬁo%roz and 20 to 45% by wei ght of

an oxygen co Eoolhriprscess aeerdingdp elaia bavheren be nitrogen  The process
accordi ng cmlqabanmlsueam@rmlamo}w acawityfildhtd 30 Hotdsvke conposi ti on

does not CQMaﬂaﬁoaﬂwoﬂtheﬂémlﬂrsal’ecwdfruﬁi“tha}g p codslst- The process
accordi ng {f ¢Jraj &F 0@t Yidohald ya1685w& conposi tion

does not c or z prbcess accordi ng
to claim 112 i\&%‘%’eﬁﬁnﬁ %ﬁ’g

|caII 03| n does not
conpri se any

]%%Eliocé’afi %&Wi g@%ﬁ atalys§1 “°73. "The
process actoH8ilgs & in e ZeaRtar anp e reactlon is carried out at
a t enper at ur #8 dfhépracesS&@roRling th4lailihe, wheeas theaeacticiing to clai m 1,
wherein thg dm@alo@mcbﬁtlﬁ@@mglyd out in the i quid phase at an

absol ute preggurg céﬁ:‘hi\(gf’oaﬁllhﬁst%eﬂﬂﬁﬂ{&%%tﬁﬁ an absol ute

ressure of 1t
P 15 carrled duf in A tabular reactor.

20. The process according to claim 18, wherein the reaction
is carried out in a cycle gas method.

21. The process according to claim 1, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereofis
an aqueous solution.

22. The process according to claim 1, wherein the nitrogen
compound is an aqueous solution.

23. The process according to claim 1, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereof
comprises diethylene glycol (DEG) and the nitrogen com-
pound comprises ammonia, for preparing monoaminodigly-
col (ADG) and morpholine.

24. The process according to claim 1, wherein the reactant
selected from the group consisting of primary alcohols, sec-
ondary alcohols, aldehydes, ketones, and mixtures thereof
comprises diethylene glycol (DEG) and the nitrogen com-
pound comprises a mono(C, ,-alkyl)amine, for preparing an
N—{(C,_,-alky)morpholine.



15. The process according to claim1, wherein the nitrogen conpound
is reacted in a nolar anount of 0.90 to 100 tines the nolar anmount of
the reactant selected fromthe group consisting of primry al cohols,
secondary al cohol s, al dehydes, ketones, and m xtures thereof 16.
The process according to claim11l, wheféin the nitrogen conpound is
reacted in a nolar amount of 1.0 to 10 tines the nolar anount of the
reactant s ed fromthe up i.Stin ry al cohol s,
secondary e%§§[t rocenge%orgglgococl ﬁﬂ "‘%ere trfrietpﬁlfagg t her eof 17.
The pr oce agwa?qgg%r UR© tin" Bﬁlﬂ%\aw 8128t @ yst is arranged in
the react BRd3K il gfonay, and, pdues Fhersodi ng to claim 1,
wher ei n tﬁ@npea%&qh@ﬂlya@wcabfﬁple@ﬁﬁt) a@érﬂlﬁﬁ%ﬁwycomqg The process
accor di ngpewk¢anprises a differ epyDaming dex prspaiisg 2 3r@red out in a
t ubul ar ré¥cy aralkylamgincgthexy)asbard awior di hig(3-di(@,ak-m 18, wherein the
reacti on akyDaminedhyitthem a cycl e gas net hod. 21. The process
accordi ng t26.dheiprodess wbesrding tbktaitneh otlesreinghé ewicemtf rom t he group
consi st i ngeledte@fiof@he @oaphehsistiseeOpdaayy alcebblg] sec-al dehydes,
ketones, aadhriAtdHRS JIAGRRE, k&tonss, ARdeRBEmRR| tHelc@f.  22. The
process a&&ﬁ]sgb&gn{dﬁogl@'ﬂéﬁel ;)%'BPYMEG} Iagdnﬂlgrlg%geﬁorrpound I's an
aqueous sgl ]Bb&{&c Hses!: 0L8ss l,lai m 1, wherein the
react ant lsa%-ngtk (%A gzr&ﬂ 1e8 E-P%ﬂé Eﬁ:‘% pri mary al cohol s,
secondary g é’ es thereof
conpri ses et péﬂ%%% F‘C%J Vid?'neée i‘? iorrpound conpri ses
amoni a, ¥ gﬂ dg nij O antfCror phol i ne. 24,
The proce% a&ﬁ Qhalgy qleekydss, fit(’n%@PQW”ftH@S §Pant sel ected from
t he gr oupCBREFeS ﬁ?@gloé’fhaﬁPlWﬂ AEORDI and gBe oHEREGN al cohol s,
al dehydesCOlkE‘t)'émiaSOHlan@IBSrﬁmmﬁl@s f@mmee@nngdsayﬁﬂléfé@edu et hyl ene gl ycol
(DEG anddizhenaiEPdgen coi n- pound conprises a nono(Cl_4-al kyl ) am ne,
for prepari2f) The pxb¢eEt adeatiiog thrbaiphb Iwlkeein tB2 reacta®®. The process
accor di ngsdlected &iiom fhe gbap ebnsitthep oEpdinant akehelk] ed-from t he group
consi st i ngndry PilédTvY, Alisohek SketoaeN Al miabishabeoral dehydes,
{(ﬁtonets eRpAtest A1pe kh%raﬂ@&hcﬁ%rﬂh(é%uﬂg&i B?ﬁn?ﬁﬁn&' yc]?I (DEG and
e nitro s ne, for preparing
a 2-(2- dfgilﬂ ﬁ%p& T P Ra S, Phoar P Bhitibe) D s(2-di (CL 4-
al kyl ) ani @%&9 oy aecorffig %fal rg%a%esreﬁ%ﬁg;e% (o claim 1,
wherein th (% m NS1S |ng of primry
al cohol s, Cé%(ﬁ é) dgg‘;\}ﬂ%nmétﬂ n%l a Bﬁolf d m xt ures
t her eof cOM] Py mﬁ I‘F’F‘F ni trogen conpound
conpri ses"%‘%?ﬁsa MHoEH er%a AAd th&EQA) and/ or
1, 2- et hy| BNOEERFOFPOUR E1> mprisep ammeiiantos RESRATEECRIPDi ng to claim 1,
wher ei n tﬁ@zmamiénndl@é wirnting fPEAA)gr oup consi sting of primry
al cohol s, sH:dindgrycens aotmwtlimg talctramyldegherkinttbaesctaand ni xt ur es
t her eof cmimééﬁ@nnﬁmogbhpmohﬂnﬁim@o@&ﬂﬁyy alkedhdleesantt r ogen conpound
conpr i sesoadarpniléchdlgralielopias] hgoies? aatihyi-anedi theisaé ( EDA) . 28.
The pr ocessmpas@pdlyigob@esdidéipde andties gitldgeheofpaahant sel ected from
the gr OUpc&ﬁﬁﬁke%t | HEmBhid " R YrephiGRR O bdlyi st fijeal cohol s,
al dehydes§> E@T%c?)nes and ni xtures ther eof “conprises a pol yet her

21)??2§Lon 3 ﬁgg 9‘9@0"”99* %ﬁ"@gﬁ@ﬂaccoﬁg.r o o
SO popontby %’é‘ﬁ)&%éggﬁ & ?@5%%9
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85 1’c S|st|ng of primry

al cohol s, géf%’ﬁ’@ Pt GHEPE I 1 APd i xtures

t hereof cP ¥ el ﬁ(?é?i‘?@%% %\9’}8?%‘?1"1‘ and the nitrogen
conpound Bi§pmtl.qaely; ﬁiﬁ’éWPaamﬁlﬁF’l Phes .g)her Eﬁ and/ or

di et hyl enat $n@nPbie, BROEAMO 3:3336 31511@ sspegtivelydi ng to claim1,
wherei n t el whardmtite cetlyticaty aatnmmhqnogrtmlmfdhnsa@tl ng of primary

al cohol s, lysedossdart goaiprskang coppetehydes, ket ones, and m xtures



