PF 60472 1 pPsggess for preparing an am ne Description 5 The present

I nvention relates to zirconi um di oxi de-, copper- and ni ckel -cont ai ni ng
catal ysts and to a process for preparing an am ne by reacting a prinmary or
secondary al cohol, al dehyde and/or ketohe with hydrogen and a nitrogen

conpound sebgedLdof hrepariddh &heep of ammonia, primary and secondary ami nes,
In the presence of a zirconium dioxide-, copper- and nickel -contai ning

catal yst. 10 The process products find use, inter alia, as internediates in
t he prepar dbésgriptigin f uel additives (US 3,275,554 A, DE 21 25 039 A and DE 36
11 230 A), surfactants, nedicanents and crop protectants, hardeners for
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Co, M,
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and pr 0fesJuasticigerst erasianripbiters | sygtheligresits; ion exchangesh épxdile assistaitef erred

zi rconi um axkse/uRARENSN sdceldigrae af@bibiakiietss from 70 to 80% by wei ght

(loc. cit.: page 2, |ast paragraph; page 3, 3rd paragraph; exanples).

Al t hough these cat al XStS feature good activity and selectivity, they exhibit
35 |ifeti mNOUH/G69643 41 (BAPF Marfelates tep myecess Tor difechampingtionof1 06 600 A2 (bot h

BASF AG) dew@rdchfons (£§Sse@ehd)| to datayaas whighané 0Ssd ihtieedirdot apaetibn ahy to
al coholzﬁ a%@rﬁ&%‘%‘?&"&é Hn Iﬁﬁéégﬁ&ﬁal &Qd nitrogen conpounds using a catal yst
whose catalytrcalrly ACEI Ve cONMpoSI {78n conprises 22-40% 40 by wei ght (or
22- 45% by R thereatalysts.dhs fliawine iprlals @5 metal combingtions are_rsefesred: N!e?@s%\/'", of
oxygen conpeyRdsAgandeppearcfapshd 4) lineshoaage 15-50% by wei ght (or 5-50% by
wei ght) of oxygen conpounds of nickel and cobalt. PF 60472

US 4,153,581 (Habermann) relates to the amination of alcohols, aldehydes or ketones

25 by means of specific Co/Cu catalysts which comprise Fe, Zn and/or Zr.

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/for 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 compaosition 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 nickel and cobailt.



2 WD 03/ 07pp@pq#> and EP 1431271 Al (both BASF AG al so teach catal ysts of
the abovenentioned type for amnations. 5 WO 03/051508 Al (Huntsnman
Petrochem cal Corp.) relates to processes for am nating alcohols using
specific Cu/Ni/Zr/Sn catal ysts which, in2a further enbodi ment, conprise Cr
in place of Zr (see page 4, lines 10-16). The catal ysts described in this WD
application do not conprise any cobalt. 10 WD 2007/036496 A (BASF AG
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Feactor . WHTELt SRy Bl Bl R ot
conponent s PAMEY BF $REGNIZHY & he ani nation of diethyl ene glycol (DEG, there

is, for exdmploatalysts deecrivedbdpptieatides 0§117240dy, 06 11V@64i6; 661 t2bBaxyet hanol or
met hoxyat Ny, EHEE froMeio¥8°0084 B\rRRIght, PrefEraBRAof 16 to 35% by weight, of Co.

Six parailel European patent applications with the same filing date (all BASF AG}) relate

to particular zirconium dioxide- and nickel-containing catalysts and to their use in

processes for preparing an amine by reacting a primary or secondary alcohol, aldehyde
30 and/or ketone with hydrogen and ammonia or a primary or secondary amine.

When the very active catalysts of the prior art are used, including in particular the
catalysts according to EP 963 975 A1 and EP 1 106 600 A2 (see above}, there may be
an increased tendency to decarbonylation of the carbonyl function (which may have
35 formed as an intermediate) at elevated temperature in the reactants (alcohols,
aldehydes, ketones). The formation of methane by hydrogenation of carbon monoxide
(CO) leads, owing to the large amount of heat of hydrogenation released, to a
"runaway risk”, i.e. an 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



3 toxic, cppgpgysenmoved from norpholine only with difficulty owing to its
physi cal proper-{l es and can thus lead to problens with regard to
specification and product quality. 5 In the case of the exanple of the
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subsequent hydrogenation. Thig,20 condensation of the al dehyde with the
abovement i ofl 'Ot/r\Q,gg'ﬁ corpouny s /&@_Bect_e.d, Lo C taNyzzedom_i,gli c
sites of the catalyst. InHn undesiPed side react™onpo e al defydg¢ can al so
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The reaction mechanism of the amination of primary or secondary alcohols is assumed
to be that the aicohol 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 decarbonylation or methanization is suspected to take place at
a metaliic 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 exampie
methoxyethanol and/or methoxyethylamine in the abovementioned case.



The desiredpggﬁgﬁ@sation of the al dehyde with ammonia or primary or
secondary amne and the undesired decarbonyl ation of the al dehyde are
paral l el reactions, of which the desired condensation is suspected to be
aci d-catal yzed, while the undesired 5 degarbonylation is catal yzed by
nmetallic sites. It was an object of the present invention to inprove the
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range f#bm [Space-mevielsds areeengted iprasnaund bf produdm(@talystyomeny tiga)ght , nore

preferably (gpm ©-hp dr/c Yamupumeif @hiduct /fedRtof SBRINROSTEMIEN Qg Bfacid: O],
cal cul ated as Fe2 ), and in the rgange ﬁom 0.1 to 5% by weiagc:;ht, preferably

fromO0.3 to 4.5% by weight, nore preferably fromO0.5 to 4% by weight, of
oxygen conpiteatlingly, wechaye feind g process fior sraperng Al ABYNeRY m@actingbhprivalyail at ed
a
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30 of oxygen compounds of cobalt, calculated as CoQ, in the range from 0.1 to 5% by

weight, preferably from 0.2 to 4% by weight, more preferably from 0.5 to 3% by weight,

of oxygen compounds of iron, calculated as Fe;0O3, and in the range from 0.1 to 5% by

weight, preferably from 0.3 to 4.5% by weight, more preferably from 0.5 to 4% by

weight, of oxygen compounds of lead, of tin, of bismuth and/or of antimony calculated

35 ineach case as PbO, SnO, Bi>O3, and Sb0s respectively.

We have also found catalysts whose catalytically active composition, before its
reduction with hydrogen, comprises oxygen compounds of zirconium, of copper, of
nickel, in the range from 0.2 to 40% by weight, preferably from 1 to 25% by weight,

40 more preferably from 2 to 10% by weight, of oxygen compounds of cobalt, calculated
as CoO, in the range from 0.1 to 5% by weight, preferably from 0.2 to 4% by weight,
more preferably from 0.5 to 3% by weight, of oxygen compounds of iron, caiculated as



5 Fe2@, and in the range fromO0.1 to 5% by weight, preferably from0.3 to
4.5% by wepglgpg7gore preferably from0.5 to 4% by weight, of oxygen
conmpounds of Iea of tin, of bismuth, and/or of antinony, calculated in
each case as PbQO, SnQ Bi 233, and Sb203 respectively. 5 More particularly,
we have found catal ysts whose catal yticably active conposition, before
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accor dance auot/émérhtbned‘em‘uﬁdtbn prodeshasspbeially inelhe® priicgsror heactitdDEGokithvi ty of

t he cat al YSmm the am nation of primary or secondary al cohols, al dehydes
and/ or ket ones |n the presence of H2, for exanple the am nation of
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In a very particularly preferred embodiment, the catalytically active composition of the
25  inventive catalyst or that used in the process according to the invention, before its
reduction with hydrogen, comprises in the range from
2 to 10% by weight of oxygen compounds of cobalt, calculated as CoO, and
0.1 to 5.0% by weight, preferably 0.3 to 4.5% by weight, particularly 0.5 to 4% by
weight, of oxygen compounds of lead, calculated as PbO.
30
All data regarding the catalytically active composition of the inventive catalysts and of
the catalysts used in the process according to the invention are based on the
catatytically active composition before its reduction with hydrogen.

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

40  bismuth and/or antimony, essentially at least remains constant, but the extent of the
undesired decarbonylation reaction simultaneously decreases and hence the selectivity
of the amination reaction increases.



40 bi snuth ﬁﬁ@%&fzantinnny, essentially at |east remains constant, but the
extent of the undesired decarbonyl ation reaction sinultaneously decreases
and hence the selectivity of the am nation reaction increases. PF 60472 6
The process can be performed continuouslg or batchw se. Preference is given
to a continuous nethod. 5 For the synthesis in the gas phase, the reactants
are fed to the reactor in a controlled nmnanner, preferably in a cycle gas
stream evapha proeessatan henpegtosoed sotimunusiBor batbihwise. direiesanceds giwegisaphase
synt hesi s aggntigidesetBych, owing to their boiling points and the boiling
points of their reactants, can be kept in the gas phase within the process
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evapor at®e ther the synthedisinttie gagipkaseothelrgactants arefedtta the regetor inea eoritigtied on. I n
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reactorgs TH de@PBhisYalcaibl] A4EHyIB Shalof kbtohe QHY RitiogBn 86mpe@H) by @sd B& g the
react ant and/or acggsom a and/toii Hg%gand/or cycl & g/aF %{:d/o react or effl uent
froma doweBPRAIRGRS s@kops polplons g Rasged, i 1Be cAtalyst e, Wil Q@e?yﬁ Y&nner. The
cycle gas fitewam.ate is preferably in the range from40 to 1500 n8 (at
operating pressure)/[nB of catalyst (bed volune) h], in particular in the

f 0 700 18 ' [ [0r8 | bed
ol ure)  niFr8sgsfsgadytase bBliaP bR 3RO g dfotiart BHGIEh 6o5 e
part i cudlar |sjrepmosandee found inAdiveany's/onayatopediaroy InskstriabGhemistyy.fati ldg0/ol. 8 100%

by vol ume of pHges fog-28deFsydBaaHeacioRs't he |1 quid phase, suitable reactants
and products are all of those 40 which have high boiling points or are

thermally labile. In these cases, a further
Alternatively, the reaction is advantageously effected in a tube bundle reactor or in a

single-stream plant.

25
In a single-stream plant, the tubular reactor in which the reaction proceeds can consist
of a series connection of a plurality of (e.g. two or three) individual tubular reactors.
Optionally, an intermediate introduction of feed (comprising the reactant and/or
ammonia and/or Hz) and/or cycle gas and/or reactor effluent from a downstream

30 reactor is possible here in an advantageous manner.

The cycle gas flow rate is preferably in the range from 40 to 1500 m? (at operating
pressure)/[m?3 of catalyst (bed volume) « h], in particular in the range from 100 to 700 m?3
(at operating pressure)/[m? of catalyst (bed voiume) « h].

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

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

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



advant age iPF It is possible to dispense with evaporation and
recondensation of the amne in the process. PF 60472 7 |In the process
according to the invention, the catalysts are preferably used in the form
of catalysts which consist only of catal ytically active conposition and, if
appropriate, a shaping assistant (for exanple graphite or stearic acid) if
the catalyst is used as a 5 shaped body, i.e. do not conprise ang further
cat al yti cal Inthaprdocgss aeaprding terths inventiarhithe catalyste areoprefarakly ogediindhe fgspor t

mat elri ?! z: alsm' u('sm, d,h@niceﬁsi_étfe{n%f d%&nﬁ&a@ f’cﬁiﬁ?@ohﬁosiﬁ& Ayt lifegpebpritel Be hat
catal ytica active. c osition, catal ysts .are u n s way tha
Che-cat al vt BT AT HBCEIAIR rabite, PobRans 1 dfp Saflhet BarEi B dunasa 1t o
t he reachi oshapeddeny.de. doaet camprisaeay furthearatalytiealiy vetiveciogiggisnts. on, after
grindi ng, _ nimhieq:onhédtﬁoﬁhﬁ@ bRiflicavppert ﬁdéliériatl iih:%gimﬂdiaﬁfde hed,) istdlbﬁgaéf%a:to b: st
arranged in r r ed,. .. bodi es - for exanple as abl ets,
spheres, ri Pn%ish?’uggsﬁhtﬁgt%@@g%g.a%g%léﬁaé%'t' 5 The concentration data (in %
by wei ght) of the conponents of the catal yst are based in each case, unless
st at ed ot heTHé sgtalyts atd@sekich Lo & ol ltyatald bétQI?JﬁGHIW@Sﬂi\Iei &inpsitioh grodnidne shed

cat al ysj, af i tS. r eat nent d e LIS, I j.on wWith

hydr ogei]q ﬁ%%‘gdé(f;ig_f '8}@?"%?_?’%’/ ﬂﬁiec'_'t":'_la@t0?cﬁf%@sqrﬁ%_ﬂ{eo?at%iﬁtéc_a@gggﬁﬁJ st, after its

| ast heat teesBRaesdion, aftar gpiodipefroikingiwith shegingtassiatants; Bhanjeg av@heati s defi ned as
the sum of {r&@mERE Kesraiged mheeaéc%rsﬁs!mbbaca@gkmdtreyﬁsfdrw@ﬁp@ agnd of the

abovenenti op catal yst. suppor erigls and conprises essentially the
fol |l ow ng c'@ﬁ%ﬁ’Fé@?ﬁgi‘:r'“??’r%@%ﬁ%%?iﬁ?%ﬁq@@df&r 2), oxygen conpounds of
copper, nickel and cobalt and iron and oxygen conpounds of Iead, of tin, of
bi smut Mmndtiy caicetrdtionyaya (ik% D weig thetddmpahems e thel catstvbt aanbideduent s of

t he catal yt I . | , | y,.f . % by

wei ght, pre écr%a‘%}(’?/’a‘ﬁéé%%g@g@%% /é)gl)p tﬁgIcét%&"llgﬂ}lgr%tuv%?é@é&sg&?\y&?r?eom 90 to
100% by wei finshedsatalyst afterritsyast hgablreaimant ajist befere ity rediotipe witahygrogsn.ogy, by
wei ght, in particular > 99% by wei ght, for exanple nore preferably 100% by

30 wei ght. e i | I £ the i ' tal ysts
and t hose uisr dcﬁiﬂy@?ﬁ}agﬁ)&%g@%é@ﬁPﬁtﬁ%%fac'}; s#,%@emvgﬁﬁéoag\[r%@ﬂe\ﬁg ggcorrpr I se
one or 2fbr ebafprerftseduction with hiyeiegeritiagefimed asrthe semrof thromgasascofdhe or gani ¢
Cﬁ”pgundsd_sﬁt@}?ﬁdéﬁy h&tve cohstitgsnts and bnréglab&:@ﬁéhtfﬁﬁed cﬁatylet 3(ppokt mgri%ﬁ Il of
t he Peri odi . , - of such elenents and their
conpounds a%_rbq &%Piﬁg%#%ﬁ“ﬁ@f‘ﬁ?g‘g'@%ﬁ 05@%8@?' Mh02, Wor tungsten oxides,
Ta or tant a&igANiym diedde (502)opxyges isPumPERISiefopperhNigke! @rd eeRalhard iren and
vanadi um oxé§§8n B6mpaInaie \of |cau ! SRIROSAbISHMAth ardifbrlopaatiachydes such as Ce or
Ce02, e Pr or Pr203; alkali netal oxides such as Na2Q

The sum of the abovementioned constituents of the catalytically active composition is

typically from 70 to 100% by weight, preferably from 80 to 100% by weight, more

preferably from 20 to 100% by weight, particularly > 95% by weight, very particularly

> 98% by weight, in particular > 99% by weight, for example more preferably 100% by

30  weight.

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

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

stage 0) or their inorganic or organic compounds selected from groups | Ato VI A and
35 |1 Bto VIl B and Vil of the Periodic Table of the Elements.

Examples of such elements and their compounds are:

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

or niobium oxides or niobium oxalate, V or vanadium oxides or vanady! pyrophosphate;
40 lanthanides such as Ce or CeQ,, or Pr or Pr:03; alkali metal oxides such as NazO;

alkali metal carbonates such as Na>COj3; alkaline earth metal oxides such as SrO;



al kali neta %gaﬂgnates such as Na2CCB; al kaline earth netal oxides such as
SrO PF 604 E | kal ine earth netal carbonates such as MgCO38, CaCO3 and
BaCO3; boron oxide (6203). The catalytically active conposition of the

i nventive catal ysts and those used in thg 5 process according to the

I nvention p ferabl does not conprijse rut heni ym and/ or
any zinc, @Q@I’f’ Eéé’éet%'ﬂa&&“ f SYEP 36 W@Q%E?ggﬁ |38H%?£Q3eb‘?55’” P?SH?n or in
i oni c, espe(tﬁz@la)l y oxidized, form The catalytically active conposition of
the inventive catal ysts and of those used in the 10 process accordi ng to

t he i nvent referably does no; ri.se | ver d/ or bdenum in
bach cace. ol EEh R ae D PRs ok of BR Neahe eleh I Rnan s usal Tolpe
especi ald y pwteiszedordingrtonthd inventparpréferablyr doesmobtemprise anylsbeninmnany t he

catal yti cal jheRfih é‘ﬁdIErOéFB/%rﬁé 'irPé‘adP.fca%E‘%nHé it mé%ﬁd MRidSASRERIG idRfloqh those

used in the process ac e rnvention does not comprise any
further cat%fi)&?f'ﬁcc%ﬁq%' ﬁ%?¥'@'ég%(§%bnent either in elemental or in ionic

form In the particularly preferred enbodi nent, the catalytically active

conmposi tio ”Tﬁescé?élhlcaﬁfﬂzﬂ@e"&oﬁ{bogl%ﬁ Bfthe WRieptive (%tal?ﬁt:. Ahd SPINBSS NS in the

Preferaply, however onpa race el enents origin ng from
the merH " ECeSRACRrAINGHo Bie ieVEnten praiprablsloos ot Germbiigs aly el anaiss
therefrom mMblgbdertal, yit each dage aithenie metatio@iidation sthtet Gjdorcaomh pstionibief ore its
reduction wWdnhBciBmds0888Y, fGRTPri ses, in the range from0.2 to 40% by wei ght,
particularly in tthe range from1l to 25% by weight, nore particularly in the
range from2 to 10% by wei ght, of oxygen 25 conpounds of cobalt, calcul ated
as CoOQ Thdn(aalmﬂiqalarlgaalréfyrra@eiWedimmpcﬂm tatalgtically mbiivecaunaiopiion obther i ses,

before {4 s |ﬁ\ﬁ‘éﬂﬁ9é bé’tﬂlgffstéﬁd dh#Hs8 98 Ed |n'tﬂeprtf‘ce§§8&,%réhF18'iB @Ie%%tlé/@@é@ r‘f&' ght,

parti cul arI articu

Phe. range. 1oRBIRTse 8Ny bTes earalEralipchvBrodmamBER. s dhs 5Tk B misgniom.

cal cul at ed lashdpatidulariyprefdiet ieorbodinient,dhe abtatyticallyl agtiee conpositompe ot | on of
Eﬂe cat al y;sdo eggj,tﬁrf@tﬂetr%étaggpﬁ{egwc% 5‘[{ dgydr ogen corr;z)ri ses g(r)/ef er abl yhit n

e range ar m, 0 I gnt,
mor e parti PR MOURTEo Db sOmpaIYS HErLREmesls SRS Fofpa A

zi rconidim exérbctidnaaf &, £, Ki, €D, SO, B, 8b afhésdudeddhegrbfromparti cul arly from 3to
20% by weight, nore particularly from5 to 15% by weight, of oxygen
corrpounds cal cul at ed .as O 0. 6/ fo 45% b ht ticul arI y
rom 10t o WSHAAY ahGRRIvE pameontan otite seielst Peiirets TadiCiduiy Mitkoeriy
oxygen conpompdsesfn thechrede fmnalOcZJIoaétOé/d brwelghQ padicdladly iDthe ramgeSfr@%ﬂip wei ght :

par ticul arlasef bOWeRKS nidte HaridluiBM é‘éngerfmn‘?ﬂ@ﬁ 804 B B(t 5f Siye- 5 to 4%
by vl %t c%];np%ﬁr\{gsg’cr)}co al gc:ac(th/ate as &S of tin ? bI'smu Wgr of

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

30 compounds of iron, calculated as FezOa.

In addition, the catalytically active composition of the catalyst, before its reduction with
hydrogen, comprises preferably in the range from
20 to 85% by weight, particularly from 25 to 70% by weight, more particularly from 30
35 to 60% by weight, of oxygen compounds of zirconium, calculated as ZrOa,
0.2 to 25% by weight, particularly from 3 to 20% by weight, more particularly from 5 to
15% by weight, of oxygen compounds of copper, calculated as CuQ,
0.2 to 45% by weight, particularly from 10 to 40% by weight, more particularly from 25
to 35% by weight, of oxygen compounds of nickel, calculated as NiO, and
40 0.1 to 5.0% by weight, particularly from 0.3 to 4.5% by weight, more particularly from
0.5 to 4% by weight, of oxygen compounds of lead, of tin, of bismuth and/or of
antimony, calculated in each case as PbO, SnQ, BizO3 and Sb.03 respectively.



ant i nony, cpﬁ_&y}_‘ﬁ ed in each case as PbO SnO Bi 203 and Sbh203 respectively.
PF 60472 9 e nolar ratio of nickel to copper is preferably greater than
1, nore preferably greater than 1.2 and even nore preferably in the range
from1l.8 to 8.5. 5 To prepare the cataly8ts used in the process according to
the invention, various processes are possible. They are, for exanple,

obt ai nabl e by peptizing pul verulent mxtures of the hydroxides, carbonates,
oxi des and/Bie wolaeratio n@kdftom@pecfdm@r@feéwg gregterihatat erorameefe@blycaraatst | v

extrudi ng aRgn h@adnd éveatmadrg prdierabyTR e fahge frofuEs todBai ned. 10 Preference is
given to preparing the inventive catal ysts by enpl oying precipitation
met hods._ For exanple, they can be obtained by coprecipitating the nickel,

cobal t &nd Taeigpaie thﬁéaﬁalyéﬁ usad IniBginRecass @seRTding 40 thedivaloRHAEBYS sal t
sol ution coirpédssbsbre pdiebke. Theyar! forlexamprNsbiainabryypeblizibd pulpeetpnce of a

Sty of RRRSL BAhY nabBLe calBnBiXOSSEONI A UG At SR it nd and

subsequent | y " washi ng rec

sparingly s@thimater @&@Wﬁﬂﬁﬂt%{@ﬂfh@jnﬁ ﬁf“ébﬂ?fdfﬁat'ﬁﬁﬁiﬁﬁﬂﬁ'ws '9@ LI‘1?'£1y, for
exanpl e, bebtainedni um di oxi de, zirconi um oxi de hydrate, zirconium

phosph S, zirconium borates and zirconiumsilicates. The slurries of the
sparingly soI ubl e zirconi um conpounds can be prepared by suspending fine
powder s 20 Fyeferenceds aiyap tuprgparing thaimventive eatalygts by g8 PRYINgrRragpitation

Advant ageousityiodd. Fes exarhplethes cat Be olstainet by topiecipitetrigtht aickelgcdtut anaar i ngl y
o7 boses” (BB AR ARMAAUEC D &) BEMHMTER SbLiGPLIMAAIT, DY Teans

of bases. I'nven
copr eci pi t dhewl@mﬁa@@y ww@éaw&eﬁ%msmw&ma %‘#rr}it fPf@ Srpaﬂbﬁ'ﬁéﬁlé'ﬁles To

this end, myg@ue@uémmglzircmumtcbﬁmoumam bSbgeguéritly vishingy 8ityingamdonent s i s

appropri at ) onat e,
sodi um hydfégﬁ:ﬂ@gﬂ gsédél\férf r@E\ e or ﬁ@éﬁsgé@éuoﬁl&&%ﬂ)é&tg'm’g% Ec:'i'lPl hot
condi ti ons qmmua@s usqdrrgamﬁ@nqxam@ Be @ireiivmtdiande, gireahiym exide hydrates a| so
possi bl e tcz.mmkm\quhbbpwét&-ﬁlztrcdmjrﬁIbofat@amﬁﬂmnmucémmesarm@@lumesamwl um

bonat e,
oxal at o, ST ROLEP S SBaBLaR “25%8%%5’%%%%? B sed i s
gener al20y Rbthesecompernds igwates W'W@"Qﬂfplﬁﬁﬁtﬁé{'ﬂg f%ﬁ@tagews!yn @Sﬂﬁ%ré%&ﬁfé is the
wat er sol ulybtaited l@,fpt*ebuputamlgttse sgaringlyi éaamle)ﬂmosudnhemmp@md frolt squess ubi ity

required tq; g&ﬁ%ﬂ s%lttsgfﬁﬁ Sh éﬁsﬁ]‘]t’f\ﬁ%ﬁa? highly concentrated salt solutions.

It is consiiUere be s when selecting the 35 salts of the
i ndi vi dual conponents, the salts selected will of course only be those with
ani ons whi Cithedioventive tatal}sts @relpfarably prepandebnmicahy oftdtspragpitatide $mixed

Prect pigkat |00%on i of 97 Bl CaEBRAL PRSI BH ahSRIBR BLEGH | on DY

conpl ex f off btai ne
reacti ons &PBWHeRaLhe q:%talg.ﬁé:ﬁ{r@gperys is appropriately adm:xed with an aqueous base -

for example sodium carbonate, sodium hydroxide, potassium carbonate or potassium
hydroxide - under hot conditions with stirring until the precipitation is complete. It is also
possible to work with alkali metal-free bases such as ammonia, ammonium carbonate,

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

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

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

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

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



40 inhormgeE gbgﬁnd consist, inter alia, of mxtures of the oxides, oxide
hydr at es, 6 des, carbonates and insol uble and basic salts of the

netals used. It may be found to be favorable for the filterability of the
preci pitates when they are aged, i.e. PH@®0472 10 when they are left for a

T Tt gt L L e
preci pi t at | condgioos eswbie passingraydbssigt. further as 5 usual to give the

i nventive catalysts. First, the precipitates are washed. The content of
al kali net whi ch. has been supplied hy.the (mneral) base which nmay have
boen usoq e frerpuaes oBEba B iRess Hres VARG slPteRseark rlGRSsPo ke By, o
washi ng peusual torgivnthevventiveecatalystpdricst.the pracipitates @ane weshadhd hassntentofwat er .

I n gener al , RéIPhERDIVAIGH hBS bEEP SipMied bi®he @indraf bESSWAIGh ke RReRREALYEE Of
t he washi ng_wat er t he

w || decrease the content. of alkali. 10 retal . Aft
weehi ng,  t b BPECIRIPRLEDEe laenpal Vipdng diianiat pl R srsangeeryin 80 v e oo
pref erabl y temperatwielzmd ampunboiGhe aaghing avateralngemerdl, prolenging $ienwashing linge
per fornmed ggngérahdivg e tbRAPBRNAL Bf B8 WRRhMYAMatSON ABEHB880 the dntire bRkl at from
00 0 P el B A, B O Pl A e Bred AU B o' v
present, fo200&apnefesably at frere 106 torl 93°Coend Srenmaloiiesp &be baldinatiorsisch as
Al o 1 T B e R B T Ao Sl v i
X , u | y I
t he nonocl i%#ogef'Br%ﬂ%g%éﬁgﬁorﬂggﬁé%%@ﬁfbe produced by the customary
processes. The inpregnation is |ikew se effected by the customary processes,

as descrg bethe hoéntivé 2aRNBhEY als® bépréparsd by RSpredrtiting ¥Ftoran

AideUZEO
Laboratory a}ﬁdrbCorrrreéflal Pr?és)ar tIfOI’IS I\%\r@cel kk%r New Yor k (1982?3), by
appl yi ng an B I‘Scﬂ:;?? ,Jorn@ctag]p ge Q'S'PHU? arord cUggl?Sich & or nore
i npr egnat i extridalgestabletse sphsres orgririgss used being, for exanple, appropriate
nitrates, acetates or chlorides. After the inpregnation, the conposition is

dried and tionall al.cined. 30 The inmpregnatiopn can be effected by the
So-cal ted 1 e ARk G818 B Rec i dmpRh T ShiBRors BustafiPolefachay

noi st erddd, formgueferabiniodhevnonoglinis fapm.er upt ake capacity, up to a maxi num of
saturation with the inpregnation solution. The inpregnation can al so be

br ocesees, TEPEd bRt don PEelod B0 py e Al AT E e o cal i ne betveen
i ndi vidual inpregnation steps. Multistage inpregnation can be enployed
parti cul ar I pheamprsgnati@PidJikewish ffedtse by thQidtdmardipfodeded, as dBs&detiopeed with
25 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,

for example, appropriate nitrates, acetates or chlorides. After the impregnation, the

composition is dried and optionally calcined.

30
The impregnation can be effected by the so-called incipient wetness method, in which
the zirconium dioxide is moistened, in accordance with its water uptake capacity, up to
a maximum of saturation with the impregnation solution. The impregnation can also be
effected in supernatant solution.

35

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

40



a rel ativeIF, I@gg amount of netal. 40 PF 60472 11 To apply the netal
conponents 10 the zirconiumdi oxide, the inpregnation can be effected
simultaneously with all nmetal salts or successively in any sequence of the
i ndi vidual netal salts. 5 Subsequently, 1he cat aI ysts pr epar ed by

irfpregnatio are ried a refer al so for within the
cal ci nati on Ié?réet mP gﬁ 3@%9"%0[5'&5" 'loé' e @8(5'08"69;@?@(0&@%”

cal ci nat i oneffecmed @mﬁamsww@mﬂrwm@dteloysmaﬁswelbrre@ny tmeeh@rofuthe be by
grinding 1fdiviua sekt sdie. particle size or by mxing it, after it has been

ground, with shaping assistants such as graphite or stearl c acid,
conpressing it by nmeans of a press to nmoldin for exanple tablets, and

heat - t r et i fybsennentye e Qataimtmmateelrbp’emegnégon aerdriedpaddrefeeabdralsd y to t he

t enper at ur egaltiRed, 16r S@hplWittin thebcaldhtationttahpsriaturd FA1YRE effeady $pticFieday
conprise th tacvatal ytically active metals in the form of a mxture of their

oxygen conp in particular in the formof oxides and m xed
oxi des. The cat al ysts prepared, for exanple, as described above are stored

as such andAfterfthe 2AICIABRIIIO Bd ditSlystlg @@r@ﬁlnata?t@ﬁcﬁndrfé@ywaéﬁem Bé bﬁ@nﬁ@h@' ysts,

LY i o B & el BB QS oy NG ol IR bR PR P BT LT
hydr ogenat i Agpisiants sushoas wpphiteconjearisqsid, ppmpeassing it byraeanscf@ riess s For
prereduct i ofoldirie mabﬁémaé Sabists, adinetebthgd The headrsatiyltesperaRirs®spher e

Lo 20 hour 350"49%53@ R Ll L B

200 to 400C for another up to approx. 24 hours. This prereduction reduces a
porti om®f Thecasly Q@@reﬁﬁé%cﬁhﬂh@%@h@hs@ﬂm fally eaRBtmétalstimeedaintl yst s

ai 11 orent 19 aray s ek Bdoart Brivahes, B s et BRT0hy bERREEANA] o 1A

further adv@medg?éldéﬁ the inventive catalysts is their nmechanical stability,
i.e. their hardness. The nechanical stability can be determ ned by the

Teasur ement 1 ﬁ{ %tg'@%@% }%r&cﬁ#&r%ﬂ)@h}% a pﬁé&?fb@g B{; e?r%ts@%rraﬁ%@ s SndY POSE,

t he shaped 'S Stressed with
i ncreastthg quﬂf@léﬂ%%ttW@Eﬂﬁi Baf@rq)@pmareewsqﬂ ag eadalysts, |thesf argdypiedlly Rseregineeds haped

cat al yst bodyw&esUthsy canglsd be Ss6d WithGut Ffedddtion g iwHihpeask eheyoaretrbduced

chaped cat oYL oy e Sy Bonetb ariRen i  pRRRpfRotE e

reactor.

25  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
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

30  present together with the different types of oxygen compounds in the active form of the
catalyst.

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

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

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



The process according to the invention is preferably perfornmed continuously,
the catal ypgggyps erably being arranged in the reactor as a fixed bed. It is
possi ble for the PF 60472 12 flowtoward the fixed catal yst bed to be
either fromthe top or fromthe bottom The gas streamis adjusted in terns
of tenperature, pressure and flow rate i12 such a way that even relatively

hoont ey "k B B8 o8 CHEh RO o ol b HF BB TEm e BRR0RATTRRGALS
keto group Stteaeisasiustadda terms o seraparatuse, GTessHENRNT fiaw rate is-sugh a way that

super st oi chéviablatigel@RRHBoSing réhadife pfoasetseémbinen & gt phageof al cohol s,
al dehydes or ketones wth primary or 10 secondary am nes, the amne is

preferably used in an approxi nately stoichionetric anount or slightly

super st d} chi @minaingagam Mayewvithvirderdio the alsabelicchydyaxybaroup gr ddenydeal dehyde

group or keir@ugbemo@mdpao@mmadd, bENfsed i B®ichRIMRANS BLUb{d¥ t r ogen conpound)
e

I's used pr r Vi r 0O to 100 15 tines the nolar anount, especially
in from1.0 Lﬁg?#%&%l#)ﬁ%&lct eOQJHD'ar anount, based in each case on the

al cohol , al dehyde and/ or ketone used. Especially ammnia is used generally

¥W th g f r onnhé cadeof 25Darmilation of Eﬂé@foisbbbdeﬁydﬁﬁ}c&ketdh_es WA -pinlady orespeci al 1 'y
rom2-,40 10- r . : g - group,

al dehydld gr B g BEARS e erel R pha R o sBld ety s ong

ammoni a and@Beurpor slighily supessieishiemericamedy par BojeoefHlgahelic hydretybgioHBe i s

given to eng@dsniidegraup @fikeftagrolip mbeé anmatdfd. from 5 to 800 standard cubic
neters/h, especially from20 to 300 standard cubic neters/h. 25 The

am nation of the primary or secondary al cohol groups, aldehyde groups or
keto groupEheAMmingsoMparent tpitregen eampruindbissad Preferablyiin omd. 9hesWlor in t he
gas phatte. tinsthe heiaraameungiespecially it frent 1.8e6 10 atheptiRemdtar emolitebgsRi inhase.
20 unen nordlciBaktoh i kot HAASE andBFGRCL A o (al cohol al dehyde or
etone plus™ ambDnhra or am rie) are pasSSed Sinultaneously, including

hydr ogen, over the catalyst, which is typically disposed in a fixed bed

react Olr | pr ]giﬁfe@iblly'aﬂnﬁ@h%ds @?écﬁgé}férélw,wiiﬁb trb® 1.$-qui260}fﬂb,a|ﬁefeaébly0frm$-lIt@S of
generally - I e . a, nore
preferably #drbg?%%l Qqeggﬂgﬁﬁﬁaéq%ﬁ@%@ﬁ{pearra ﬁg%’sﬁegplll %eer?é@g(}*%l/'r:ﬁ V%ﬁ]’(% to 35

350C, pAtigroumeldehydeaioup@r ketonaup, toghegaavemtdd, from 120 to 270C, nore

pref erably Highéraxéadset ®oBPEGmrhoni®and bEpridaryfor @8tdndant amiRedere fiksibled trickle
node and a |1 quid- phase node are possible. The catal yst hourly space

velocity is generally in the range from0.05 to 5 kg,@(ﬁreferably_ fromoO.1
to 2 kg andrAtsrance isgieandplepnpiaving an. offges flow mtk gf fsgm 540 8eketendasd gedigyde or
ket one per rhétb@rh, eépeerill@fry®t20(t 800 s@ahddre culbioehdisrgh, | f appropriate, the 40
reactanfss can be diluted with a suitable solvent such as tetrahydrofuran,

di oxane,” N .
The amination of the primary or secondary alcohol groups, aldehyde groups or keto

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.

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

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

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



met hyl pyrrobggﬁa?or et hyl ene glycol dinethyl ether. It is appropriate to
heat the PF reactants before they are fed into the reaction

vessel , preferably to the reaction tenperature. Wien working in the gas
phase, the gaseous reactants (al cohol, aigiehyde or ketone plus 5 anmonia or
am ne) are passed over the c I n the ence hydr o In a gas
stream preféd P@FV%‘}’&FB@@WG?‘%S!”&%Edie%‘a'oa {5%3‘ Reefera W@lﬂe‘i’]EQ%P‘P%rge for
evapor at i ontengderatpreessur es of generally from0.1 to 40 MPa (from 1l to 400
bar), preferably from0.1 to 10 MPa, nore preferablyfromo 1to5 MPa. The

tenperatures, for the am natigon of al cohols r eneral | fro 350C,
particul arl @IWPW@%‘ ?’EF a5, the gRSeOH§ T %’r’i‘fslgﬁo?% ai k%?ﬂeea
preferabdy amownsaed anmezﬁfbcpasiemoveeMcataiystMepeﬂsenessoﬂhydmgen |ri~eygaa)genat| ng

am nati on 0§tréW%W%El éé‘ﬁ QBfected B& &lffidferft Sfor bfa

ticularly f 5 %& et @E oty RS th
TRy ek e T oy TR
stream i s pMPhemats prefecdbtydiane . 1hy 5dMFeay dihe teraperatetdsdor. th&Em‘ﬁaBomaftaitto)'@ts hour |y
space vel Océﬁﬁéeh?raw%'tw @d Bgrg&@ cSrh%hibébb € Qprérerdbiy RIgHO6 &P Y from

0.05 to one | Tter, of catalyst (bed
vol ume)ﬂ};md2 Gumo"elﬂr@ferﬁwyg'@%‘ 0 Iqu'@a 'Qﬁﬁr‘i‘ﬁﬁﬁa ﬂ'@ﬁé’?@‘lel yyl n gan
anount of fIn)(dnmgianamgda]ﬁlnat;onmfafdehysdﬁs;andl@tanasalregﬁmetaﬂyfrmh 80rtoi3668,t o 200 |
per nole ofp .&ﬂ&?@'fmnaé@e ecq;re#é Hg?% e 88°C, Tﬁ@ﬁo@fmﬁemd éhtéwéters

each haV|ng onyver 0 st I tion erformance
of the am n%?qe'Bﬂy be e‘HTeﬂé'HS'/‘cﬁt-.bQV%Prafn |‘?'F98P§eq‘5§®rﬁtr?ﬂ@t‘s Bf 9(’1"\@3’ am nati on
of al cohol sobitainehby a ayclé gasmethivdi chi ometrl c amounts of hydrogen need to be

g;gfg['f%snnlfﬁ@ é?%LIJ Eeaé|a w Mfﬁ\feqafg%-oro’rﬁoﬁ@whﬁdprb@e@age of
phase, it fg’B soélt%ﬂg 8&%@%&9@ '?rgﬁ % e§|q%g

pressures amur. cat al yst hourly space vel ocities. The pressure in the
reacti on vessel, which results from the sumof the partial pressures of the

am nati ng n of th | cohol , al dehyde or 30 ketone t he reaction
products f gﬂf?e'@/dé?fi‘f” B ?eﬁ 6'?%{5%3}7%%99'1%3%{% ag AR Oﬂéf%lg 48@ hdz”re"‘a’a‘%Fl
t enper a2Qur eis anpaEwount effrorn $0 dp POO pperanaé wf alcoha saldehyidg or ketene compbyehtogen up
o b | ou SRR R BASHG o/ Rl R S 0 1
bhase. ¢ ha DRI BancRet e SN S5A BRSSO APRNSITEJET Rt &l DR 1 ne
hydrogen. \Véminatidreofddohbisst that ableastrsrchiameticfamoedtsadydiogemaged & be
advant ageoutﬁegé}{t irt (R aﬁ%ﬁ&hlo\fbmh §s dritfdiGait ion to m x the shaped catal yst
bodi es jn the reactor wth inert ack| ngs, to

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

the sum of the partial pressures of the aminating agent, of the alcohol, aldehyde or

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

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

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

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



40 "dilute” k?g@} s it were. The proportion of packings in such catalyst
preparationg e from20 to 80 parts by volune, particularly from30 to
60 parts by volune and in particular from40 to 50 parts by vol une. PF
60472 14 The water of reaction fornmed iq4the course of the reaction (in
each case one nole per nole of alcohol group, aldehyde group or keto group
converted) generally does not have a disruptive effect on the degree of
conver si on, Tb@wat&mf:teiaomrr fatreed lnhlae selrsetof thetrgadlioarid dabb cese ahg siold pdret i ne,

and is therﬁifofg@f Bb&ta‘&!éﬁ orus(rjsw@% qrbﬁgs eérrv@ cﬂbrﬁe'nleréllp%oeWBﬂ(Up of
th t 5 : i
ef T1 uent habavEs Eﬁw tivg s#%f:? drsiinof Garvvgision, fhe rsa@@?éa e HRN G any

excess abn nand thg catpbyst llfpt:meeand ia theerefers apptopriatele hotnermenved tﬁmefrcms whtilithey 10
crude react yguglcpHérbaltd mdlfcw oxbRipeHAgRliRGy. a fractional

rectification rocesses are described, for exanple, in EP
1 312 600 A and EP 1 312 599 A (both BASF AG . The excess am nati ng agent
and t he hydAfiergthe sgastionlefiinentdas @ppropriatelyubeendidoamprasaed) thdexcasadwydrogenzone.

The sanme apghd 88y é&egwmmaﬁe@a{;m%kégeﬁpgaé%ﬁ@ded mb%% an@ih@%ym] r ketone

conponent . 15 Unconver t ed ich are

t
CDUET e & frogE ate ProBCS BTIoR: Br ERamEB YA T BN BTbRI L SUTRIR ant o can
be flowed agatkupiprocehees argcescripad, fot exampleyvie £ER h81260@Aand ER4 3118 SB&ACchwi se

or continuo tHfBﬂSF Ald)eThe @)EH&Q@Q&%W@ a@énttd?\% the Rebit6§én are édbﬁnt%ﬁ@&fs@t or

Am nating a n the rocess acc |nvent|on as
ammoni a. % Uitpq NGB FRacign 2iien dbe Hpe Pl ARy BV HAEY PR

accordi ng ta:lcohté, aldehyde boketore pmmpmaﬂt for exanple, amines 25 of the
formulayd R3 R | ~NCGR4 R2 (I) in which 30 Rl, R2 are each hydrogen
(H, alkyl uch a

al koxyal kyl E%Weigd%&a@"%g%oé{vﬁ%ﬁe lb&?%?%f%%'ﬁ%ﬁ\%s@ﬁtg'gé‘g ﬁg'gbgé?,, 30-
di al kyl am neéirked backrigtio, thaswithedis. SincbmesteGteduards abikhé flawed agaiky theyl such
as C7. 20- al rleagald streBm 6ved B @halfst Bed (rrbRbhwide oPeortirtiBddmode after
condensation of the products in the separator.
20
Aminating agents in the process according to the invention are, as well as ammonia,
primary and secondary amines.

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

in which

30 R, R2 are each hydrogen (H), alkyl such as C1.o0-alkyl, cycloalkyl
such as Cs.12-cycloalkyl, alkoxyalkyl such as Caz.ao-
alkoxyalkyl, dialkylaminoalky! such as Cs.ao-
dialkylaminoalkyl, aryl, aralkyl such as C7.xs-aralkyl and
alkylaryl such as Cr.zo-alkylaryl, or together are -(CHgz)-X-

35 (CH2)k~,

R3, R4 are each hydrogen (H), alkyl such as C+.z-alkyl, cycloalkyl
such as Cs.12-cycloalkyl, hydroxyalkyl such as Ci.2o-
hydroxyalkyl, aminoalkyl such as Cqae-aminoalkyl,

40 hydroxyalkylaminoalky! such as Cz.20-



R3, R4 are Zﬂ%%h %dr ogen (H), alkyl such as Cl.2o0-al kyl, cycloal kyl such as
C3-12-cyclo 4, hydr oxyal kyl such as Cl.2o0- hydroxyal kyl, am noal kyl such
as Cl-2o0-am noal kyl, 40 hydroxyal kyl am noal kyl such as C2.20 PF 60472 15
hydr oxyal kyl am noal kyl , al koxyal kyl such1§1 C2. 30- al koxyal kyl,

di al kyl am noal kyl such as C3-3o-di al kyl am no- al kyl, al kyl am noal kyl such as
C2. 30- al kyl ani noal kyl, R5- ( OCREMITN8 "“’(C@@RBRWXV%‘MF'UCW%% Grwaryl ,

aral kyl such 5 as C7.20-aral Kyl alkd)gaRYIO ialk Wail@ﬂgﬁbm @flsoﬂ(hlkyiamlno-

het | al kyl | kyl | h | h
Céel ggoglr)léy?he%/er ogr y?/ a;%d ?(UC ?{@ ainy "’1 SAEY bs 01255 éﬁ%’*&ﬁﬁ%&@ﬁrﬁé such as

S(CH2) - X- (CH2) m or 10 R2 and R4Q B%BPR ﬁrw)be(t@m%@ra'msum are

g’;lcz hyfjﬁolgeﬂ (HI) (ill5k>él6 Slégh a@e@m@wm het@tb&ry/laNWEl)dh Mhzo-ash I ol
o- al kyl pheny yl or ethyl,

X is CH2, CHR5, oxygen (0), sul %(féllg/l %ﬂ%rﬂ%ﬁ[ﬂ‘?gﬁﬁéo@u&yl ydr oxyl ,

C2. 20- al kyl ami noal kyl or C3- 20- allg(jh PIRBRY Pl 35cat & yplkyhe "P@'Vbﬁ”‘i’h’teger from

1to 30 and j, k, |, m q are e@h).NReEEHS, b wgethet,6(@H,)-2ECHNE gir ocess
according to the invention therefore preferably finds use for preparing an

am ne | by reacting, a primry or secondar(ﬁ_llal cohol of the formula Il R3
HO HC-RAU(11) BHaahBf or an al dessther ARG AHDme of the formula VI or VI
I Ol ylO\ 4/ \ R} H(VI) R3/ R4(VII) 35 with a nitrogen conpound of

the formula I'N1gRRMNH R2 (111 each hydrogen (H), alkyl such as Ciu-alkyl,
alkylpheny! such as Crp-alkylphenyl,

15 R8s, R7, R8, R® are each hydrogen (H), methyl or ethyt,

X is CHz, CHRS, oxygen (O), sulfur (S) or NRS5,

Y is N(R10),, hydroxy!, Cz.20-alkylaminoalkyl or Ca.20-
20 dialkylaminoalkyl,

n is an integer from 1 to 30 and

ik tmq are each integers from 1 to 4.
25

The process according to the invention therefore preferably finds use for preparing an
amine | by reacting a primary or secondary atcohol of the formula I}

|
HO—C—R*
: ()
30
and/or an aldehyde and/or a ketone of the formula VI or VI

0
R“J\H (V) R™ 'R (Vi)

35  with a nitrogen compound of the formula il

1
R\
N—H
7/

Re iy,



PF 60472 16P vg@g;% Rl, R2, R3 and R4 are each as defined above. The reactant
al cohol may 5 e an am no al cohol, for exanple an am no al cohol of 5 the
formula Il. As is evident fromthe definitions of the R2 and R4 radical s,
the reaction can also be effected intraqglecularly in an appropriate am no
al cohol, am no ketone or am no aldehyde. 10 To prepare the amne |, in a
purely formal sense, a hydrogen atom of the nitrogen conpound IIIl is
accor di ngl ywhergl Ric B8, RiyaridHe* a4 B8N Ebldefiradi abmvewi t h rel ease of one nol ar

equi val ent of water. 15 The process accordi ng to the invention preferably

al so finds ein paration of a. ic.amne of the.for V R6 Z
R7 (1V), Rike f¢ Pﬁifghﬁﬁ I P8 ADioAIP Wﬁié‘”a?"é‘”@g%?ﬂﬂ H‘Pc?é%ﬁ? . al kyl
such as & - thedoGida Ul kyl , cycl oal kyl such as - to Cl2-cycl oal kyl, aryl,
het eroaryl, aral kyl such as C7- to C2o0-aral kyI and al kyl aryl such as Cr7-

to C20-alky 3 18Pgenp pe ity et AR Qi lBiRa a0 RL

R6 R7 HO_ effeaid intrarmioleyulang in aR1apptdpriated aminaraiantioh aorinceketeneneiramiaai ne of t he
formula VI |éld§l5yd31 NH2 (VIll). PF 60472 17 The substituents Rl to R12, the
varlablqa@X Z, and the indices j, k, I, m n and q in the corrpounds I,

L ngre\sg%ea@g i P58 ) GRS d5F R

compound il is accordingly replaced by the R4(R3)CH- radical with release of one
molar equivalent of water.

15 The process according to the invention preferably also finds use in the preparation of a
cyclic amine of the formula IV

R1
in which
20
R"and R'?  are each hydrogen (H}, alkyl such as Cs- fo Cap-alkyl, cycloalkyl such as
Cs- to C-cycloalkyl, aryl, heteroaryl, aralkyl such as Cs- to Cao-aralkyl,
and alkylaryl such as Cr- to Coo-alkylaryl,
25 Z is CHy, CHRS5, oxygen (O), NR5 or NCH,CH.OH and
R1, R8, R7 are each as defined above
by reacting an alcohol of the formula V
30
RE R
HO OH
z V)
r11 r12

with ammonia or a primary amine of the formula VIl

15 R'—NH, (VIII).



5 - hydrogeﬁFgﬁm 2 R3, R4: - al kyl such as Cil-2o0-al kyl, preferably

Cl. 14- al kyl , sucﬁ as nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, 10 neopentyl,

1, 2-di et hyl propyl, n-hexyl, isohexyl, s#t-hexyl, cyclopentyl nethyl,

n- heptyl, isgphepty. yigl .ohexyl met h - | ¢l S | -e yl,
n-decyl ' 2. e stﬁ’%%b{enﬁ.@etg?@-?fh%? Pl S Hﬁtlgﬁi&%sﬁnwéﬂ h g
3- n- but yI - ntheseypoundshly Hr ixivaY Kllandldhargsach intgps x gefineg as fpllawssr abl vy
Cl. 5- hydroxyal kyl, nore 15 preferably Cl.4-hydroxyal kyl, such as
hydr oxynmet hyl .o.1shyir axyat Byl 5 e DX Ysq0.et hyl . 1-hydr oxy- n-propyl,
2- hydr oxy- nﬁ-épr%?p%'?ﬁi?ﬁggﬂ;r %XyRBh'%%%py ’;RHEI‘ 1- (hydroxy- nethyl)ethyl, -
am noal K1 suchhwsogen (M- ani noal kyl , preferably C1.5-am noal kyl, such as 20
am nonet hyl, 2-am noet hyl, 2-am no-1, 1-di net hyl ethyl, 2-am no-n-propyl,
3-am no- n- phpwl , 4-am no-n-butyl, 5-am no-n-pentyl, N (2-am noethyl)-2-
am noet hyl and N-(2-am noet hyl )am nonet hyl, - hydroxyal kél am noal kyl such as
C2- 20- hydr oxyal ®ig¥! sHehanCleptalkyp meeferabiy Grelkgl, sachasimgthyh el ankreBY! ky! |
gugg ﬁs (2- hydri@dM@PWYﬁ-BUinﬁbﬁB@h%bc—b@ty(,Z’erhbﬂt'ypmp%htwlisopémm@)ee{obuﬂyl,glnd
- (2- hygy oxyet . Y - - y
R5- ( OCHR7 CHRO) nh’¥ %@e@%? &Rrr‘:(i’?hé"pr%&‘g*r%%%@W&%M‘g@%@%@eso
al kyl ani noal ky| n-5eRtyl. isehentylzevcinheyyBethyb -slyl, isppcdyl e#-gihylrexyl, n-decyl, 2-n-
C2- 20- al kyl am ngrapyyi-heptyros-gidetdlf 2hajukyl-nGibngt adhatitynpaidayl, , such as
met hyl am nonet hyl , 2-net hyl - am noethyl, ethyl am nonethyl, 2-ethyl am noet hyl
and 2- (isopropylam no)ethyl, (R5)HN (CH2)qg, 35 Y-(CH2) m NR5- (CH2) q,
het er oar yl al kyl hyslieyaky! sugh as Cher kx|, Ri{gferably Chshydipxyalyl onotenet hyl |
fur ?E I2‘;\5 yl met hyrbfergbly coi—hﬁﬂfa*ym@hysuclzraadhj/drbmﬂelhylz*r-yydrexyezrhyl, 2ABydrexy60472 18
- al kyl het er oar Su CA- | te . e ) :
2- et hyl - 3- pyr |%|L¥1nyﬁpgfagy ﬁr@%%@@r%ﬁé@%byﬁyﬁ%&? @Hw -359f1u9h¥%r)9ry and
5- et hyl - 2- pyrd’ﬂﬁ'ﬁy'l)‘?thy'- het eroaryl such as 2-pyridinyl, 3-pyridinyl,
4-pyridinyl, pyrazinyl, pyrrol-3-yl, 5 imdazol-2-yl, 2-furanyl and
3 uranyl, Rl Rnai s os couchapliin, suihady cBadiosigl gabid - preferably
' 20 aminomethyl, 2-aminoethyl, 3—ainino—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)aminomethyl,

- hydroxyalkylaminoalkyl such as C;.2-hydroxyalkylaminoalkyl, preferably Ca.s-
25 hydroxyalkylaminoalkyl, such as (2-hydroxyethylamino)methyl, 2-(2-hydroxyethyl-
amino)ethyl and 3-(2-hydroxyethylamino)propyl,

- R3-(OCR®R’CRER?®),-(OCRSRY), preferably R5-(OCHR7CHR?®),-(OCR®R7), more
preferably R3>-(OCH,CHR®),-(OCR®R?7),

30
- alkylaminoalkyl such as C;.ap-alkylaminoalkyl, preferably Cozo-alkylaminoalkyl,
more preferably Cs.z-alkylaminoalky!, such as methylaminomethyl, 2-methyi-
aminoethyl, ethylaminomethyi, 2-ethylaminoethyl and 2-{isopropylamino)ethyl,
(R3)HN-(CH3)g,
35

- Y-(CHz2)m-NR5-(CH2)s,

- heteroarylalkyl such as Casoo-heteroarylalkyl, such as pyrid-2-ylmethyl, furan-2-
ylmethyl, pyrrol-3-ylmethyl and imidazoi-2-yimethyl,
40



cyclobutyI,PﬁgﬁMQQentyl cycl ohexyl, cycl oheptyl and cycl ooctyl, nore
preferably cycl opentyl and cycl ohexyl, - al koxyal kyl such as
C2- 30- al koxyal kyl, preferably C2-2o0-al koxyal kyl, nore preferably
C2- 8- al koxyal kyl, such as met hoxymnet hyl , 1&nhoxynethyl n- pr opoxynet hyl ,

| sopr opoxymnet hyl| buto th 0X tert 15
but oxynet hyT , aih\gﬁﬂ ﬁm% %%Ja“ Zﬁ'aﬂgh{@{ é&rﬁ i ?Fb? ?%ﬁﬂ?ﬁ%%ﬁ 94

al koxyal kyl , - memymldamlfﬁaﬂl Jepmethylreurany m@ﬂHl Rpvezinybal kyl, preferably
C3- 20-di al kyl am no- al kyI nore preferably C3-1o-dial kyl am noal kyI such as

2 (1 it AR & PSR o pro 2.

2- (N, N- & but y| aifi 24yy I2-fuanyhand-Hfuranybr opy| ani no) et hyl and

2- (N, N-di i sopropyl am no) et hyl, 3- (N N- di et hyl am no) propyl, (R5)2N-(CH2)q, -
aryl such ag, g:s}eﬂyl 1- napht hyI 2-napht hyl, 1-anthryl, 2- anthryl and

9-ant hryl,

préferablx phenyl 1- napht hy I and 2- nththyI nore preferably
phenyl , - at kyl| efclgaliyleushass Gera-ovsl Qﬂ'%l%@fﬂabhf&@f%ﬂcm 1, eizch 88 GYOlgFreMbny | |
such as  2- met hyjlcpipatyy, loyciperdglhovicnesyt) cycoheplyharddierttyl, Znate @rafetablyl phenyl,
2,5- di thy| ph d 5 fg' %{%ﬁ@%@,‘gwlphenyl 3, 4-di net hyl phenyl ,

3,5-dine hyIphéﬁGYp 5 net hyl phenyl , 2, 3, 5- trlnethylphenyl,
2,3,6-trinethyl phenyl, 2,4,6- trlnethylphenyl 2-ethy|pheny|, 3- et hyl phenyl
4- et hyl phenyl , élkdikyﬁk?lmﬂbﬁbgwlao-alk@cy@k@r Qféférﬂb@'ﬁélzo-élﬂdxy‘bﬂ@’r picrp yraib@bly! , -

35 b et ﬁﬁﬁcbgﬁ‘é koA Q‘{h’asp'{“ﬁﬁ‘g’%!@'ﬁ&“!‘cg@@"?ﬂﬁﬂy*?%k%méﬁip 2 benayt.
propyl, 2- pheny'ﬁ@r@mﬂymeﬁl%ﬁbwpww isqb wthtw bupaxymatil. dety | |
3- phenyis buthtﬂﬂﬂm*Fletfﬂheﬂmbbwkyéthylmd@ etbryal ymbengerably ohuanet hyl and

2- phenet hyl , 0’@5@ IR4 or R2 and R4 together are a -(CH2)r X-(CH2) m group
such as -(CI—|2)3 y *(CH2)4-, -(CH2)5-, -(CH2)5-, -(CH2)7-,
-(CH2)- O (CH2) 2-, -(CH2)-NR5- (CH2)2-, - (CH2) - CHR5- ( CH2) 2-,

83122)02( ?:H (2 ?;2)<ﬂalkylalhﬁdaﬂ<?! dNBh ab O3y dalkylamiid)iit, eHiferaBly ©Q4dRIKaminéeH2) 2- ]

- , suc

as Cl- 20- al kyl ﬁgﬁergﬁg&%@& 1g|d!?ﬂvgar§ﬁ% ﬁasqa%t%ﬁ N%imﬁ{?ﬁtamm&'l\é(%{}i 5

i soprop$R, n-b -dIhL%\mW)mﬁBsé@ Hﬂrf‘W'me{fré’ﬂ%m'BQDﬁi}'ly rﬂa( sthyl- i sopent yI |

sec- ptenlt yl, Remaa)teww 2NN i rumidrinpyestivyi ) 2- Nthtﬂberopytamh@Xethyl amﬂc Blexy !

n- i so ra

Cl- éelpa%/kyl or e;_p %lf dusﬁpr&@l%ﬁlnmo?ﬁ@)ﬁ% PLI N &m%@%rﬂﬁ@%l; g?é% Pﬁ) suc% as
-(CH2) 3-, -(CH2)4-, (CHZ) 5-, (CHZ) 6-, -(CH2)7-, (CHZ) o ( CH2) 2-,

- (CH2) - NRS—-( CH?ér?I-such é&bﬁénﬁﬂ%pf{t@lﬂ@-ﬁaphthﬂ,Gﬁhtﬂw@-&ﬁﬂﬂby?amd 9-anthryl,

- (CH2) Z7gN\RS- ( C'i?r?ei%?ably 6%? %anﬁ'ﬁ&y‘%-%éphth%b% preferably phenyl,

- alkylaryl such as Cr.x-alkylaryl, preferably Cr.12-alkylphenyl, such as
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethyiphenyl, 2,5-
dimethyiphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl,

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

- aralkyl such as Cr.z0-aralkyl, preferably Cr.12-phenylalkyl, such as benzyl,
35 p-methoxybenzyl, 3,4-dimethoxybenzyl, 1-phenethyl, 2-phenethyl, 1-phenyl-
propyl, 2-phenylpropyl, 3-phenylpropyl, 1-phenyibutyl, 2-phenylbutyl, 3-phenyl-
butyl and 4-phenylbutyl, more preferably benzyl, 1-phenethyl and 2-phenethyl,

- R3 and R* or Rz and R* together are a ~(CHz)-X-(CHz)m— group such as -(CHa)s-,
40 -(CH2)a-, -(CH2)s-, -(CHz)s-, -(CH2)7-, -(CH2)}-O-(CHz)2-, -(CH2)-NR5-(CHz)-,
~(CH2)-CHRS5-(CH2)2-, -(CH2)2-0O-(CHz)2-, -(CH2)2-NR5-(CH2)2-, -(CH2).-CHR®-



(CH2) 3-, Cg%éiﬁz (CH2)3-, -CH2-CHR5-(CH2)3-, R5, R10: 15 - alkyl,
preferably ?kyl, such as nethyl, ethyl, n-propyl, isopropyl, n-butyl,
i sobutyt, sec-butyl and tert-butyl, preferably nmethyl and ethyl, nore
preferably nmethyl, - alkyl phenyl, prefeg@bly C7-40-al kyl phenyl, such as

R i i R i a2

3, 5-di net hyl phenyl , 2-, 3-, 4-nonyl phenyl, 2-, 3-, 4-decyl phenyl, 2,3-,
2,4-, 2,5-, R3,Ke, 35d|nonylphenyl 2,3-, 2,4-, 25- 3, 4- and

3, 5- d d | h h

3.5, decyl prenifhyy 4 0REL UL o R0 8L UMPEIN e £ o -
C20- al kyb, cycl saptopyl, iputyl, a@b@wl seo-baty2 tewutyh|n+@entylasqpent3&(ﬁeﬁmeerybary| ,
aral kyl such asnédpenty?, ﬁﬁnﬁétﬁglrlﬂ%byl ﬁ-ﬁ@xy@' |.l§cYHe%S/l}’Be@H§>8_{&§héﬁyl iEShepdfl-

al kylaryl, in each ase ove , oxygen (0),
sul fur (S) or NRESCW) EHW@S’E@I’% @@‘Vhﬂa‘”ﬁ pfef@rgbly Crea %ﬂfé 'RI0)2, preferably NH2
and N(CH3)2, - hydroxyl (OH), 40 C2-20-al kyl am noal kyl , pref erably

C2- 16- al kyl ani npabky R? toyeter ake érEGdH{»br@(ﬂ 0R5) e@bhglsucrzamchwsameﬁi hyl',

syt amyporet o Bl ot s Ab=0,55 BT, oo
C3- 16- di al ky! arr{Glﬂréd-k{@Hz)SQc(IQ k-, diGhizlHy ?ifﬁ"ﬂm 'ﬁ@HﬁyCHRS (CHz)z-, ~CHZ-O-

2- di et hyl am nogginydl- ,_cgrzqupest(qugm-oggclpmr»écgb)gdl -n-propyl am no)ethyl and 5
2- (dii sopropyl am no) et hyl, Z: 0, NR5 or NCH2CH2CH, 10 j, I: -

an integer froml to 4 (1, 2, 3 or 4) preferably 2 and 3, nore preferably
2, k, m gR-R%n integer from1 to 4 (1, 2, 3 or 4), preferably 2, 3 and 4,

nmore pr efer abl yalkylapdferdity 81.4-alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and tert-butyl, preferably methyl and ethyl, more preferably
methyl,

- alkylphenyl, preferably Crac-alkylphenyl, such as 2-methyiphenyl, 3-methyl-
20 pheny!, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-dimethyl-
phenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-, 3-, 4-nonylphenyl, 2-, 3-,
4-decylphenyl, 2,3-, 2,4-, 2,5-, 3,4-, 3,5-dinonylphenyl, 2,3-, 2,4-, 2,5, 3,4- and
3,5-didecyiphenyl, in particular Cr.z0-alkylphenyl,

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

R, R12
- alkyl such as C1- to Cy-alkyl, cycloalkyl such as Cs- to Ciz-cycloalkyl, aryl,
30 heteroaryl, aralkyl such as Cs- to Cy-aralkyl, and alkylaryl such as Cr- to Cao-
alkylaryl, in each case as defined above,

X

- CHz, CHRS, oxygen (0O), sulfur (S) or NR5, preferably CH2 and O,
35

Y:

- N(R1%),, preferably NH: and N{CHs)2,

- hydroxy! (OH}),
40

- C:20-alkylaminoalkyl, preferably Cz.1s-alkylaminoalkyl, such as methylamino-
methyl, 2-methylaminoethyl, ethylaminomethyl, 2-ethylaminoethyl and 2-(iso-



n: - an |n|§,|egg§72‘rom1 to 30, preferably an integer froml1l to 8 (1, 2, 3,
4, 5 6, 7 nore preferably an integer from1l to 6. 20 Suitable

al cohol s under the abovenenti oned prerequisites are virtually all primry
and secondary al cohols with an aliphati2a® OH function. The al cohols may be
straight-chain, Dbr anchg_gh ir cyclic. Secondary al cohols are am nated just as
efficiently as FHPP%TS?O ¥ cohol's. The al cohol s may al so bear substituents
or conprise functional groups which behave inertly under the conditions of

fj _heI Eylclr ogenat i Qgo-adiEKyRiniadalkyl, Wreﬁ?@@tﬁs-dﬁlmfmnoﬁk%wh@l&)d,lm@thbimhm no or
i al kyl am no gr 9

condi ti ons of t'ﬁ&ﬂﬁ %%mgthg?rlnﬁoeﬁ’&i) @%ﬁ\ﬂl‘éﬁ?ﬁeﬁy Iz}yn@ R‘?’?@aﬁﬂﬁ e or (frl pl e
bonds. \VEhen pol%r(W'mnr@P)gﬁifB@ﬁlﬂt@ for exanple, diols or triols, 30
particularly glycols, are to be amnated, it is possible via the control of
the reactiop conditions to obtain preferentially amno alcohols, cyclic
am nes or polyam nated products. The am nation of 1,2-diols Ieads

dependi ng on t HeHz OHR?t DoNRbpr NRH2€dRMi on conditions, 35 particularly to
1-am no 2- hydr oxy compounds or 1, 2-di am no conpounds. The am nation of

1, 4-di l.eads, dependi ng on the selection of the reaction conditions, to
1-am no- 4 Hydrox conpounds, 1,4-diam no conpounds, or to five- menbered
rings wth a rﬁ"t'ﬁ@@@fnfr%ﬁ'drfpédﬂ'#cﬁ‘i’%)n@?ﬁe"a%zlapd@omf preferati 2ani nati on of
1,6-diols Ieads dependi ng on the selection of the reaction conditions, to
1-am no- 6- hy %fy conpounds, 1, 6-diam no corrpounds or to seven- nenber ed
rings with a At rogen atom (hexamet hyl enei m nes) am nati on_of

1, 5-di ol s I-ead®n ig€permmd Ba ({ d iV creiambly 2{?h€"q‘ éd’ﬂ?recﬂﬁeféfﬁ%l 2@B%hs, to

1- am nots5- hydr &y, 1, 5-di ami no conpounds, or to six-nmenbered rings with a
nitrogen atom (pi peri di nes, 1,5-dipiperidinylpentanes). It is accordingly
possible to obtain fromdiglycol (DEG, by am nation with NH3,

monoani nodifgyl ycol (= ADG = H2N- CH2CH2- O- CH2CH2- OH), di ami nodi gl ycol 10

( H2N- CH2CH-O- CladGihiagéiHegm drto G0 prbferabhean Paeder drohrat toy8 pr, @f Br&imsee, 7 er g, ven

here to ADG a%ér@@}g&é%ﬁ@%}iﬂfe%gpﬁem1 thier azine is correspondingly obtained
ro

with particul ar erence et hanol am ne.
N ( 2- H;?@r oxyet hyI ) pi perazi ne can be obtained fromtriethanol am ne. 15
Preference is given to amnating, for exanple, the follow ng al cohols:

nrret Qﬁtnglnol %ﬂﬁﬂ%laicoﬂo rﬁg@ﬂﬂ& a]bh%mérﬂ{%@&’ k)reré‘%@elfe?%% vnggél?béﬂ ;ﬁm‘?énrg Iand
p alom tyl alseepRsiary @lygrp%w{tl&ﬁa |aI|phat|c OH functlon The alcohols may be straight-chain,
branched or cyclic. Secondary aicohols are aminated just as efficiently as primary

25  alcohols. The alcohols may also bear substituents or comprise functional groups which
behave inertly under the conditions of the hydrogenating amination, for example
alkoxy, alkenyloxy, alkylamino or dialkylamino groups, or else if appropriate are
hydrogenated under the conditions of the hydrogenating amination, for example CC
double or triple bonds. When polyhydric alcohols, for example, diols or triols,

30  particularly glycols, are to be aminated, it is possible via the control of the reaction
conditions to obtain preferentially amino aicohols, cyclic amines or polyaminated
products.

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

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

40



cycl opent a %I ohexanol , benzyl al cohol, 2-phenylethanol,

2- (p- et hoxypﬁeny ) 20 ethanol, 2-(3,4-di rret hoxyphenyl ) et hanol

1- phenyl - 3- but anol , et hanol am ne, n-propanol ani ne, i sopropanol am ne,

2- am no- 1- pr opanol, 1- met hoxy- 2- propanol21 3-am no- 2, 2- di net hyl - 1- pr opanol ,

n- pent anol e (l-am n anol
ot hanol an e aneiare CABTer Sependlic i e eﬁcﬁ%ﬁh%efaﬁhﬁﬁgﬁ%ﬁﬁes :
di i sopr opari@l1aarﬁﬁ1ﬁ£5-h3@if@w qeythouRgss ! HigminmgqmmraaAs, Or & seveniRembersd

di met hyl ani gk etithansitrogetr étbhwl\dhé*afrﬁétuwamnnme@; hanol ,

2- (N, N-di - n-propyl am no) et hanol, 2-(N, N-dili sopropyl am no) et hanol ,

N, N-di - n- butyl am no) et hanol, 2-(N, N-diisobutyl- am no)ethanol,

N, N- & - ske astingliemefricd-diokdaess, dgpfqndlmmmhe ection 9f thaTerstien randlions,

N, N- di metb yarainbs5on k. amald:arambl‘dohipdu;@dshw 8inmeRibepaings Waith A, N- di -
p

Iamn ropanol, 3-(N, N-di-n 30
yl>/am no) P%g%%aﬁé’% %'3 d&@ﬁ% Rﬁxﬁ%ﬂégﬁgsgpagol (
N, N-di - d @asg@rwnammytbleﬁp@pbﬁlfbiromsﬂqlwqm G} BY emination 2 r opanol |
2| met hy: mmmmw&mﬂqm@h Hzreaidmt:&mmo;p@m-l@w) diamipiotiglyeoe gl ycol ,
: r r
15 Beﬂ@‘én BENTERERL Q. brC AR o BRUR, PanbEl itereted s RVeAIRRL R
met hoxyet hatfp asﬂﬂ%@ﬁﬁmamt but oxyet hanol, 35 pol ypropyl aI cohol S,
pol yet hyl eereghzm@hs airiegpondimy amxampyIm&nrnqmﬂcﬂmIpraér’@ﬂc@framcuuetpmdmmj ene

gl ycol et hgy i I converted to the
corr espondlei\r@2 %&E"Lﬁ’ q]egé’ill%@éﬁﬁe\?@ﬁ?@gé?u%h‘lntﬁ%{bﬁé@ﬁr@en%tI ng their free
hydr oxyl  groups. 40 Particularly preferred al cohols are nethanol, ethanol,

n- pr opéaidol ,Prefepsrmpangiven to-droinativ], for examplyy ti@followidg dicbhslsinedi ol |

Cﬁ

- (
-
- (
0
t
- (
-di

Hi—‘OOU'O (JOI\)I\)

1,5-pentanedio| 1, 6- hexanedi ol , 2- ethylhexanol cyclohexanol fatty
al cohol s, ethyl ene glycol, dlethylene gl ycol trlethylene gl ycol PF
60472 22 é"d ﬁtg QBlWPH?’PQiHﬁ%@PWV) E‘Htﬁ'éﬂdﬁor’q(ﬁ%trh??@?’é‘? hanol ani ne

and 2-(2- d|mhénahbh/Qamyﬂm'ahm(tyl)iedimn(stearﬁwldoabﬂ palktiyloaieshol cgblbbutanolt he

pr er equj si (49 B8, RENLAHEL Hefgy BlcBnol BYRenfIoanbI DI ARARRE: 1 o0 o
ket one<Omaypt WOb@r@.@WNem%vwenuﬁ%mewéd1-Bhew(@rh%am! 1ha0eaMBS nay conpri se
het er oat onm-prohandtarhine gisoprayariclartiine 2-amivio- $plsgianoly micthany-2-propansle

funct| onal ke o Wik HesdrunaiaiRe (| Qﬁn.mg.gbmaﬂegrﬁ%peﬁm-

hydr ogenat i g{ am nat | on, am no or
di al kyl ani R} h@rgmocﬁ—h@aggl) gtha 'Bﬁr‘i“ﬁg‘éno aﬁ“@el ths@lkinder t he
condi ti ons didthdrfotaniviels, @gwmbpamlmﬂhmai-(mhydrémt@mmé)ﬂrdﬁaﬁr1 -oloPHNAN-or triple

bonds. %urﬁ@hiflﬁm%z AR, %@\9 gtﬁéthgléﬁuriogethgn@}r@ N‘Ne@l-:n ;kl‘h{)%lémméthgllcﬁ via

t he control acti on

al cohol s, 2dDNiciiseprepytamigeletni “95%‘ Na€nhubdarpine) e @Oblze(f\]em SHeobuty:- gi ven,

for exarrpl amlmo)emanaaz-l N ON-gli-deg drundgamiab jetigariah €-NoiN{db teriiputidaminodsthanol,
3-(N,N-dimethylamino)propanol, 3-(N,N-diethylamino)propanol, 3-(N,N-di-n-
propylamino)propanol, 3-(N,N-diisopropylamino)propanol, 3-(N,N-di-n-

30  butylamino)propanol, 3-(N,N-diisobutylamino)propanol, 3-(N,N-di-sec-butylamino)-
propanol, 3-(N,N-di-tert-butylamino)propanol, 1-dimethylaminopentanol-4, 1-di-
ethylaminopentanoi-4, ethytene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
diglycal, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-bis[4-
hydroxycyclohexyl]propane, methoxyethanol, propoxyethanol, butoxyethanol,

35 polypropy! alcohols, polyethyiene glycol ethers, polypropylene glycol ethers and
polybutyiene glycol ethers. The latter polyalkylene glycol ethers are converted to the
corresponding amines in the inventive reaction by converting their free hydroxyl
groups.

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



acet one, etp¥h@€ﬁ%hyl ket one, nethyl vinyl ketone, isobutyl nethyl ketone,
but anone, | but an- 2- one, diethyl ketone, tetral one, acetophenone,
p- met hyl acet ophenone, p-net hoxyacet ophenone, m nmet hoxyacet ophenone,

1- acetylnaphthalene 2-acetyl 20 naphtmagnma 1- phenyl - 3- but anone,

cycl obut anon C opent anone, t enone, ycl ohexano

cycl ohexenorl&G)p @QMW'@%&E}H@ g'@)‘g ﬁ EY'@'ﬁ&‘ﬁf‘%‘ﬁB}'ﬂ? a”‘E@Q Haodecanone,
acetyl acet omethylaa‘tﬂthlgixy)ﬁlﬁnoand benzophenone Sui t abl e al dehydes usable in
the process according to the invention are, under the 25 abovementioned

| |
ol ?Lﬁgt’l o oSl fictotis eaBedn PRk BRI IR bl B R BFRer FRE ) eny des
corfpri @@vawetmmcnweqmm%avmaﬂmlsalnphatlcrantafemab@:&etosms'rﬂﬂetamﬁt@ or
ﬁogprl se tfkél@riésQﬁaN b@étﬁé@ﬁ dHBinCBrah@ﬁlﬁ/@r dyﬂﬁH tHereﬂdmb%rmW@orﬁgrsél tions of t he
rogenatl 0] I _ex a en
i =1 Kyt am nPtepalE: The Retonds mey el plpriEtnydnt SO e BB AT (e
condi ti ons which hehmdmergbh@danﬂge eariditens ehthefhydrogerating amlaa@rd&:mxamoie triple
Jons: Wf.”%‘F“*%?‘5&"?\%"922‘#'%“‘@“%“‘”“"‘@Pf”o“%bSﬁﬁf?%"r‘?*@é‘b&?? e
L conol U° Bidfagenieinet e sBnfions ol Tud i ediaes SitaBhrot g ?r‘?'g. oo,
for exanpl edoubte errtiiplatbiondd. YWiendradentsiv naldgetdnes faeg 1odve arrglnatediemsaws'b
f or mal dehydgy t%n%bﬂﬁ@ﬂ@%acﬁﬁrpﬁn@ﬁ@héjwytﬂﬁm iR katbaddl s alcohols,

| sobut yral dEhchem gl val al de éﬂ ent anal , n-hexanal, 2-ethylhexanal,
2- et hyl pentYSiaeMings ob Pelygamingted;Brey S 4- et hyl pent anal , gl yoxal ,
benzal dehyde, p-net hoxybenzal dehyde, ' 40 p- nethylbenzaldehyde

phenyl apet ab@fhyeta is GReAEb e Ry la)nﬂ'fa?lh H94rsdEnating the following ketones:
di met hoxyphenyl ) acet al dehyde, 4-fornyltet rahydropyran
3-fornyltetrahydrofuran, 5-fornylvaleronitrile, citronellal, |ysneral,

acrol ei n, naetlmer ethgl meth@tketdnecmethyl vinyld<ietqnal isotﬂﬁyleﬂﬂﬁﬁ keponec butenors, dehyde,

3- et hOXyprrﬁ&hﬂBﬁﬂaﬂféﬂdﬁbedre@hfﬁétﬂﬁ@ﬁé’t?éi@ﬁ@' BEEhonen Qﬁ&ﬁwaééf@ér%héﬁ@yde
di et hyl ol pr&@{onal

hyd f I
gl ut ar al detR7EEtX¥R PeRE gﬁ’%ﬁ%%%\?@”éﬂéa%&lﬁf&t@é a’?eolz %ﬁg\/
hydr of &0y | reetplthafeniey 1 -&bmm-érmjta(rmbya:ys:mibut&mnaa,l ayelopetpnane, rcydopﬂmmmpleat ed
ol i goner 5 %Qbﬁé%@n@ycy%hﬁié?ﬁﬁész SlirteRABI IR EKhe: plORERARAS, The
ation I's,

am nating agents, used I'n enat | am.n al dehydes
or ket onesYFR ?‘i"r’éab?'é%@ﬁﬁtéiaﬁ? OR§ @B@ﬁyﬁgﬁ) apd 8P¥9@F"9’Pﬁmn| a or primary or

secondary, aliphatic or cycloaliphatic or aromatic amnes. 10 Wen the

ami nating ageabe %@ a?jseagamp.h%e p#aeeéé &%fq.ﬁ tohxéiméx dar%r‘é“ﬁnd%rrtﬁehe

al dehyde group rimary am no

groups {°-  Nip em?’l’f@“ﬁ?’ |pfﬁﬁ9“'%ﬁﬁsn\§”%'ﬂl!§”fa$P% WW"?’@%‘{ a‘ﬁﬁ'ﬂweﬁuﬁieher al cohol
or al dehydeaaliphaticksidehyded magibe atraiyat-crain esamhed g cydicohd aldehgdesmapnd t hi s

may in tur rboﬁﬁ;?igé h&‘fe?&toms. The aldehydes may further bear substituents or comprise
functional groups which behave inertly under the conditions of the hydrogenating
amination, for example alkoxy, alkenyloxy, alkylamino or dialkylamino groups, or else, if
30 appropriate, are hydrogenated under the conditions of the hydrogenating amination, for
example C-C double or triple bonds. When polyfunctional aldehydes or keto aldehydes
are to be aminated, it is possible via the control of the reaction conditions to obtain
amino alcohols, cyclic amines or polyaminated products.

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

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

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



15 further gkm or al dehyde or ketone to give the correspondi ng,
preferably rical, tertiary am ne. Depending on the conposition of the
reaction m xture or of the reactant stream (in continuous node), and
depending on the reaction conditions ergd oyed - pressure, tenperature,

reaction 1 B SRRl AN ARIRFINThOCL bk hobrdrlorbienlosi Dl @ 11 thi s vey

to prepare ﬁ erentiall i nes_as
Y

desired. In QW’QPW&quth? sfd"ﬁ%ﬂplﬁ’r@'qn?'clﬂhéﬁ%tr@"eﬂhb’l@m%ﬁ?'%@”d’t@r @rfb!faéohol s or
di - or ol i ggigbeshyitemldedydéland Bydrefoirapkiet ahigemens alndtpmlya’ueiehymb&mﬂw

oo Rl Rk DRuBE I bt HEL b B AT iYL e
mor phol |%esObtA@eW@Vmeé%thﬁsr‘rﬁﬁm'ae”t?%a%QﬁYFéRH%@n&gents used may equal |y be
primary or secondary amines. 30 These aminating agents are preferably used

to prepare T'R@é'mhﬁ § A Y é at:n 5m H’a'tl %V&I%J@% deh é&

et hyl di i sopr opyl am ex f ol | owi ng
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30 These aminating agents are preferably used to prepare unsymmetrically substituted di-
or trialkylamines, such as ethyldiisopropylamine and ethyldicyclohexylamine. For
example the following mono- and dialkylamines are used as aminating agents:
monomethylamine, dimethylamine, monoethylamine, diethylamine, n-propylamine, di-
n-propylamine, isopropylamine, diisopropylamine, isopropylethylamine, n-butylamine,

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

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

morpholine and/or 2,2'-dimorphoiinodiethyi ether (DMDEE) (from DEG and ammonia),
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30 example, polyethylene glycols or polypropylene glycols having a molecular weight in
the range from 200 to 5000 g/mol; the corresponding polyetheramines are obtainable,
for exampie, under the tradename PEA D230, D400, D2000, T403 or T5000 from
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35 Examples

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

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



catal yst thus prepared had the conposition: 28% by weight of Ni O 28% by
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specified below. The catalyst 2 thus obtained had the composition as shown in Table .

25 Example 3
The catalyst was prepared analogously to catalyst 2. However, the amounts of nickel
nitrate, of copper nitrate, of iron nitrate and of cobalt nitrate were altered accordingly. In
addition, lead nitrate was also added to the nitrate solution, so as to obtain the oxide
mixture specified below. The catalyst 3 thus obtained had the composition as shown in
30 Tablel.

Example 4

The catalyst was prepared analogously to catalyst 2. However, the amounts of nickel

nitrate, of copper nitrate, of iron nitrate and of cobalt nitrate were altered accordingly. In
35 addition, tin dichloride was also added to the nitrate solution, so as to obtain the oxide

mixture specified below. The catalyst 4 thus obtained had the composition as shown in

Table I.

Example 5

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



mxture speggfs(lggfz bel ow. The catal yst 6 thus obtai ned had the conposition as
shown in 10 Exanple 7 Am nation of diethylene glycol (DEG 15 10 ¢
of the reduced am nation catalyst in the formof approx. 0.2 to 1 nmm spall
was initially charged in a 300 m autocjeave together with 70 g of

di et hyl ene gl yc (0.65 no were added to
t he reactioﬁ’ tﬁ@%b%r@dl%aarb%@teag é@@gﬁﬁgbﬁam@epé@g\m'ﬁwf%wg 8n to 50
bar and heabddwtﬁ@@@stﬁtth&@ﬁﬂameh%dddjgfcommltiagasrshnwnemﬂ'ebleIand t he total
pressure rose to 180 - 200 bar. The 20 autoclave was run at 200C for 12
hours wth stirring. At different tinmes, sanples of the reaction m xture
wer e taken Fﬁin%lﬁgl yzed by means of GC chromatography. For this purpose, a
30 m " RTX- 5ThecatelystGTprephiadranagousie th catalystt?. Howenpre thet ameunds obmiske! of :

80C/ 15 mi nuﬁuﬁ-ﬁte Btec’ilip élqm?&@%W&mlt%tggngbf‘&ﬁb%ﬁﬂltﬁéte “%%Oéiféféd BEeoMdiRgly |85 The

conposition ing reactlo or the cat arrpl es
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Example 7

Amination of diethylene glycol (DEG)

15 10 g of the reduced amination catalyst in the form of approx. 0.2 to 1 mm spall was
initialiy charged in a 300 ml autoclave together with 70 g of diethylene glycol
(0.65 mol). 34 g of liquid ammonia {2 mol) were added to the reaction mixture, and the
autoclave was injected with hydrogen to 50 bar and heated to 200°C. At 200°C,
hydrogen was again injected, and the total pressure rose to 180 — 200 bar. The

20  autoclave was run at 200°C for 12 hours with stirring.
At different times, samples of the reaction mixture were taken and analyzed by means
of GC chromatography. For this purpose, a 30 m "RTX-5 amine" GC column was used,
with a temperature program of; 80°C/15 minutes, heat to 290°C within 30 minutes, at
290°C/15 minutes.

25  The composition of the resulting reaction mixtures for the catalysts of Examples 1 to 6
can be taken from Table 1.
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--a) a m Ecsohl-,ea) ooUc LLr CW5Va3 > TNVoVX NCr Ur
[l or ‘amE UVC OONTCw (W INZVMo r OW 0 QPF 60472 28
Wor kup: The particul ar pure products can be obtained fromthe aqueous crude
materials by 5 rectification under reduzg&d pressure, standard pressure or
el evated pressure by the known nethods. The pure products are obtained
either directly in pure formor as azeotropes with water. Agueous

azeot ropes Wankupe dewatered by a liquid-liquid extraction with concentrated
sodi um hydr oxi de solution before or after the purifying distillation.

methods 1 s B Da08! Aite bPude BhBEeGing] rflRe Bt il tRe 00, N0 10
al i phat i 2 areickiécatian upderdedisned rpressure standatspressure apgleyated pesseyre byitheat al |,
dewat er i nﬁ kisowH Setheas sThal pﬁ.lr@rjro%iuﬁt@@aé albu'améd@‘:théﬂrtﬁre@ﬂ;giarﬁuee fone or@k t he y
agueous a . . am natl on
catalyst o nacolbesd O waR Rilioyd Brotipel Tl opiEieRsd Brh BUFTd, 3

mai nt ai ni ngexXtrastighwith sanceniystedsediugl hydrexideseldiantheferpor aflenthe gurifytieposi ti on

of the act gigglatonDistifatiadewdiering ialtte plesbhdtediranaiXewdpingadgurd 8y Rhownf

econom g,in am nodi gl ycol, has been increased, and the
ext ent g un%@g’?%iesdm%gﬁgsesibzer'bonyl ation, which is determ ned by the content

of et hoxyeltHBp&pse hakthpeaite malglielad thyalipbatimaming im fhesieds materiabistharly of Fe
and speci f i watepniisiibls, Pt afindevilerirghis akd poBkiblerbyt Asepardtidn s the drgamid@ndi on to
the content Sf tﬂé as:l'ljeodgl'phaggby known methods.

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, and the extent of undesired

20  decarbonyiation, which is determined by the content of methoxyethanol, has been
reduced by establishing specific contents of Fe and specific contents of Sn, Pb, Sb and
Bi in the catalyst, in addition to the contents of Cu, Ni, Co.



PF 60472 29 S%Qng 1. A process for preparing an amne by reacting a
primary or EE ry al cohol, al dehyde and/or ketone with hydrogen and a
nitrogen conpound selected from 5 the group of ammonia, primry and
secondary am nes, in the presence of a zpgconi um di oxi de-, copper- and
nickel-contalnlng catal yst, wherein the catalytically active conposition of
the catal yst'@B&fore its reduction with hydrogen, conprises oxygen
conmpounds of 2|rcon|un1 of copper, of nickel, inthe range fromO0.2 to 40%

(7 om 001t oVsoh R e e PAHAing an s, by L"f"'%*'ﬁ‘-"‘éa M A TN
and in the rangg%??%g@diorﬂ(ﬁtogé%ﬁw NXB{%?(' ad%&ﬂ?ﬁ @WHU&&%'G d?@g}j of
tin, of B®i snmut hthargidup ofammeonia wimgry and setarded aminesdh theawesenseRli@, SnO,
\?}12?; nat”gesgggg{dotﬁﬁlﬁ?&lbklﬂgciéo%%e? egnd rﬂﬂ@l-@éﬂﬁﬁﬁ@ cﬁfé}ﬁl beﬁlé}ethh&' 2' g}é s
reduction with Fﬂ%%‘fj@ﬁ th@rﬁ?ﬂ@é@oﬁﬁf)&ﬁéaf%g&efqr‘f')ﬁ#@%‘Cl%{ wifh g%’ﬁ?‘“\‘mel ght
of oxygen conpocemiprises okygeh copfpouinds offircdonisimuoheopaad ob nické!, indhe rangey
Cf'ogglsgt egcgpdleﬁ@rh 0C23§)94@§b el hgﬂ@xyﬁégQé”mg?.gwﬁ:b?ggbélteéﬂéﬁlhteﬂedsmo%g??I OIhe
gf t hel%at al ys%% rgréqeofgnr@ to @Exwe&’?&\Rf?wgwaegfaa%?{‘&sy@é%?q ‘éi%l?ﬁqay?%e range
from0.5 to 4% &paidhtherfangs jrgen0.sderbiundeeight df eaygerofompounds df lsagmut h
and/or of anti BﬂWoﬁﬁérﬁHﬂhaén@Fbr'oF‘aﬁtﬁﬁcﬁth%l@uth%dPleachSEb@e%s% b, Fefl3

respectively. 25 s accordi'ng to any of the precedi ng clains,
wherei n the cat@%??@élr? ﬁ‘f,éj‘f ve conposition of the catalyst, before its
reduction with hydrogen, conprises in the range fromO0.2 to 4% by wei ght of

oxygen WWPQU”dﬁhé)ﬁrobéé%rhccéﬁiarfq#b%iaﬁ’fﬂ1 %eFéﬂ?% ca%éa||yT£&wan:@ﬁ@§§u@ﬁ§for dI ng

the ot ol yet Y e selehisr oeldig Sty VR0 Audtbasit rompBses b Toe BRI 030 0e

fromO0.5 to 3% loyt.5kibyheigt obgxygen comppondies Ieﬁd of tm ofb@rrtulh aatndtdnrafs Fe203

35 6. The procesginfsyOtdltulated th edth @be bE®HY, sﬁ@dseg ah@SBEO; r\@@sé&wagt he
catalytically activé conposition of the catalyst, laz)efore Its reduction with

hydr ogen, conprises in the range from1l to 25% by wei ght of oxygen
conpound® o3. cobw process angbrlingdo ciaimGo@herin the catalytisalycasive gompositiorgoft o any

of C: ai ms é ]Eo fhe cmﬁfsﬁlb@fdr@ﬁs Fe%iuair.]aﬁw&@hwo@é‘nt bum ngéymw Fdn@@ @ 6. bez
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antimony calculated in each case as PbO, Sn0Q,Bi-Os and Sb20; respectively.

25 4. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst, before its reduction with hydrogen, comprises
in the range from 0.2 to 4% by weight of oxygen compounds of iron, calculated
as Fe:0:s.

30 5. The process according to any of claims 1 to 3, wherein the catalytically active
composition of the catalyst, before its reduction with hydrogen, comprises in the
range from 0.5 to 3% by weight of oxygen compounds of iron, calculated as
Fe20s.

35 6. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst, before its reduction with hydrogen, comprises
in the range from 1 to 25% by weight of oxygen compounds of cobalt, calculated
as CoO.

40 7. The process according to any of claims 1 to 5, wherein the catalytically active
composition of the catalyst, before its reduction with hydrogen, comprises in the



range from Br e84 % by wei ght of oxygen conpounds of cobalt, calcul ated as
CoO. 8. The process according to any of the preceding clains, wherein the
catalytically 5 active conposition of the catalyst, before its reduction
wi th hydrogen, conprises in the range f30om 20 to 85% by wei ght of oxygen

conmpounds of zirconium ated as. Zr 2 .21 % by i.ght, of oxygen
conpounds of coﬁﬁ'g?,fm@aa @ﬂo%b&wggh&f@xygﬁracorgp%r}dg Oiggﬁag%lc%@’%ﬁ?@ a%f oxygen
conpounds of ni6Rkel, calculated as NNO. 10 9. The process according to any
of claimse 1 to 7, wherein the catalytically active conposition of the
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copper,m:al culated as CuO, and 25 to 35% by wei ght of oxygen conpounds of
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to 10% by wei ghrta Séfrgrzﬁygen conpounds of cobalt, calculated as CoO, and 0.1
to 5.0% by wei ghp, referably 0.3 to 4.5% by weight, particularly 0.5 to 4%
by 30 weight, ZﬁtO&préhwg efurxgerneompeinds ehFIEAONIMTS daledlafasias 4m92 The
processimccor di 8¢ 20% dywveint oNexyges eomipoGndy dicoPperbaERatad B Cumlapd rati o of

ccording o any? ST4hEY BPIELHTbybln OB Sloseal ARk plddyab ORI V% 2ck i ve

conposi tion of the catalyst does not conprise any rhenium and/or ruthenium
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wher ei & he caftfaPSer@'al |y active conposition of the catal yst does not
conprise any si3oersosy weighdf oxygen compounds of zirconium, caiculated as ZrOs,

5 to 15% by weight of oxygen compounds of copper, calculated as CuQ, and

25 to 35% by weight of oxygen compounds of nickel, calculated as NiO.

25 11. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst, before its reduction with hydrogen, comprises
in the range from
2 to 10% by weight of oxygen compounds of cobalt, calculated as CoQ, and
0.1 to 5.0% by weight, preferably 0.3 to 4.5% by weight, particularly 0.5 to 4% by

30 weight, of oxygen compounds of lead, calculated as PbO.

12.  The process according to any of the preceding claims, wherein the molar ratio of
nickel to copper in the catalyst is greater than 1.

35 13. The process according to any of the preceding claims, wherein the catalytically
active composition of the catalyst does not comprise any rhenium and/or
ruthenium.

14. The process according to any of the preceding claims, wherein the catalytically
40 active composition of the catalyst does not comprise any zinc.



nol ybdenumF,Ig6 2The process according to any of clains 1 to 12, wherein
the catalytically active conposition of the catal yst does not conprise any
further catalytically active conponent, either in elenental or in ionic
form 17. The process according to any @& the preceding clains, wherein the
reaction is, .1 erforned at.a tenperature in the range from80 to 350C 18.
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5 to 30 MPa ormbgpddMangas phase at an absolute pressure in the range from
0.1 to 15 40 MPa. 19. The process according to any of the preceding clains,
wherein the am ne conponent (nitrogen conpound) is used in fromO0.90 to 100
ti mes tHe nitf.arThexprocess asaerdingde anyef claigshblo, 12a witergjnithepateidicalkeaddive used.
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The process according to any of the preceding clains for preparing
monoam nodi gl ycol (ADG and norpholine by reacting diethylene glycol (DEG
wi th ammoni®. Shegrogse ageagiegdo apy ofrttie pipcedingrijeios, wheikigha ah®e26 f or
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20. The process according to any of claims 1 to 18, wherein the amine component

(nitrogen compound) is used in from 1.0 to 10 times the molar amount based on

the aicohol, aldehyde and/or ketone used.

25 21. The process according to any of the preceding claims, wherein the catalyst is
arranged in the reactor as a fixed bed.

22. The process according to any of the preceding claims, which is performed

continuously.
30
23. The process according to the preceding claim, wherein the reaction is effected in
a tubular reactor.
24. The process according to either of the two preceding claims, wherein the reaction
35 is effected in a cycle gas method.

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

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



al kyl)am nog.t_.%agﬁ]et hanol and/or bis(2-di(C, 4-al kyl)am noet hyl) ether by
reacting 1 ylene glycol (DEG with di (Cl-4-alkyl)amne. 30. The
process accor di ng to any of clainms 1 to 26 for preparing nonoet hanol am ne
(MEQA) and/or 1, 2-ethyl enedi ami ne (EDA) %y reacting nonoet hyl ene gl ycol

(MEG wth la. 15 3 rocess according to.any of.clainms 1 to 26
for prepariggmi)ﬂ?@ e&%%%&vﬁ?ﬂ ﬁ@"y %prsgjecﬁ ?‘Pﬁdon%ﬁB@'ﬂganol ani ne ( MEQA)
with ammoni a. 3@onddminpdiglyeslSARGE andimogphatina by regfcting diethylehetglyc@b(DESE)
preparing a pol Y@t hehamare by 20 reacting a correspondi ng pol yether al cohol
wi th ammoni a. 33. The process according to any of clains 1 to 26 for

preparing piperazine and/or diethylenetriamne (DETA) by reacting
N ( 2- amifoe2dy| Jlet hmneésaadcnmir(gﬂtﬁlﬁhy of vkatrhs &tnhfoa preparide N-(Che-afkybcess
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reducti on we?.h Tyalprogess, accomding teemy ok plgams ¢ P ion gepafing BH(20i{Com  of copper,
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cobal t cal cuI ge to 5% by wei ght of 0Oxygen
corrpoun& $8ﬁ 'eEQEUﬁ?a(PEga ggﬁ,ﬁ’gg@-alkgﬁ@nﬁ MRt he rangeyfrom 0.1 to Sg//ogby

wei ght of oxygen compounds of |ead, of tin, of bismuth and/or of antinony,

cal cul ated 3 plBbBER acderdi®y tgté%z 8}‘:’39m mﬁgreﬁgﬁﬁg?n{oﬁé@tﬁﬁﬁéﬁﬂn)é 36.
The catalyst ac Agntotfe % f?]rzle |ne I n any of
claims 2 to 16.( dfor 1,2-eth ene iami ) by reactlng monoethylene glycol
MEG with ammonia.
15
31. The process according to any of claims 1 to 26 for preparing 1,2-ethylenediamine

(EDA) by reacting monoethanolamine (MEOA) with ammonia.

32. The process according to any of claims 1 to 26 for preparing a polyetheramine by
20 reacting a corresponding polyether alcohol with ammonia.

33. The process according to any of claims 1 to 26 for preparing piperazine and/or
diethylenetriamine (DETA) by reacting N-(2-aminoethyl)ethanolamine (AEEA)
with ammonia.

25

34. The process according to any of claims 1 to 26 for preparing polyisobutenamine

(PIBA) by reacting polyisobutenaldehyde with ammonia and hydrogen.

35. A catalyst, wherein the catalytically active composition of the catalyst, before its
30 reduction with hydrogen, comprises oxygen compounds of zirconium, of copper,
of nickel, in the range from 0.2 to 40% by weight of oxygen compounds of cobalt,
calculated as Co0O, in the range from 0.1 to 5% by weight of oxygen compounds
of iron, calculated as Fe;03, and in the range from 0.1 to 5% by weight of oxygen
compounds of lead, of tin, of bismuth and/or of antimony, calculated in each case
35 as PbO, Sn0O, Bi-Os; and Sh.0; respectively.

36. The catalyst according to the preceding claim, which is as defined in any of
claims 2 to 16.



