8 AUG 2003 | Method For The Racem zation of Optically Active Am nes The
present invention relates to a process for the preparation of 5 raceg?% 3
amnes of the formula | 10 where R1L and R2 are different and Rl, R2, gg@

al kyl, cycloal kyl, arylalkyl, aryl, hdteroaryl and heterocyclic radicals
and R3 can al so be hydrogen (H), where the radicals can bear 15
substituents selected fromthe group consisting of alkyl, cycloalkyl,

al koxy, arEbR9I EQH Tde BRR§MEFAtioNanf eutdldeplinhabiverdoénes ami nes of the
formula | and optically active amnes of the formula | are, for exanple,

val uabl e phaeMBeesiCahsenbdonGdiRkes n@&ié?gac%g% eﬁ%ﬁ&ﬁéi ggqu%tg.%56?f

conpound ct.. .for examle; -A-29 03 5 I nes
Si nce fr%q%gﬁ?W§ccﬁW§Fesgﬁg Eﬁei%%ngéﬂ gnantioners (on the basis of the
asymmetric carbon atomshown in 1) is active or is nore active than the
other enantioner, processes are reqyjgred for the racem zation of the 25
| ess active enantionmer which is obtgined, for exanple, in the resolution
of the corresponding racem c am ne known net hédk, so that the nore
active gpantiomer can again be i B6Tat &8 fromthe racenized am ne by known
met hods ?e.g. resolutuion). 30 Racem c am nes can be prepared according to
Ul mnn's Encyclopedia of Industrial Chem stry, Vol. A2, pages 4 and 5,
VCH Ver| agybgee ek sedaRt ansHdifo8mnthpndnRkhatfienRbfargl sdkwls or by
hydr ogenat cpglaaiigl, arydélkel.onegli nhdteropre ek heterbyylrbigeratiioalor
dehydr ogenghiioRs Galnalay §6 Sbeéthydroyah edi)35wherdartdl WadicAE aln 8Bapr 0OCESSES
of this étsyggbéiéft o Lpedo{Q SUATPLE drdu Egaﬁﬁﬁ%ng‘%f oYY, 214 692,
EP- A- 696 5 ?n Kyl -:A?L% ;3 23@_3.10%0 Ia%ﬁolggl}%lﬁargi% Einnd :|‘.Stlr agtxsn'r]il():
192247v) dFIEFBRY Y 5F68ELs F3P* 0 PAFI g T akem & 02988 HdAAB "By
treating 1-2-am nobutanol wth ammonia in the presence of Rh/A1203. 45 8
AUG 2003 2Rapemic /angges186 thes dorpuka & fndceRsigalyt REL ek AP Bh of
optically abei fermriandakrehofar iemampleh vieleahhe mdwiroehetticrlsheodght into
cont act 20i thtasm@ni & eandohysifea@dening nadtdisrepeespnoaisoficfa, hislr egenglé on
catal yst wWagCR-p§ ef £1580], Ypsu,i 3efe£0bRb. 26) USiAnd, 898qG6R 1§ salpses a
process fogppbhgs rAGEIAALALM: Qners (on the basis of the asymmetric carbon

atom shown in I) is active or is more active than the other

enantiomer, processes are required for the racemization of the

25 less active enantiomer which is obtained, for example, in the

resclution of the corresponding racemic amine by known methods,

so that the more active enantiomer can again be isclated from the

racemized amine by known methods (e.g. resolutuion}).

30 Racemic amines can be prepared according to Ullmann’s
Encyclopedia of Industrial Chemistry, Vol. A2, pages 4 and 5, VCH
Verlagsgesellschaft mbH (1985} by amination of alcochols or by
hydrogenating amination of ketones in the presence of
hydrogenation or dehydrogenation catalysts at elevated

35 temperature.

Amination processes of this type are described for example in
EP-A-382 049, EP-A-514 692, EP-A-696 572 and DE-A-19 53 263.

40 IN-a-162 213 {Chem. Abstracts 110: 192247v) discloses a process
for preparing racemic 2-aminobutanol by treating l-2-aminobutanol
with ammonia in the presence of Rh/Al;0;3.
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optically active am noal cohols in which the am noal cohol is brought into
contact with Raney cobalt in the presence of hydrogen. This patent teefrs
that high tenperatures, e.g. 10 greater than 160C, reduce the yield of
racem c am ne. JP-A-06 135 906 (Derwe Abstract No. 94-197043/24; Chem
Abstracts 121: 179093z) descrjbes a priocess for the racem zation of
optical Iy HetPvl QA%ilR&I dpFF sy & BRPTRSS ifRTt hBe prassdi@étdPn 19F hydr ogen
and a hydr egeHea }oh ac4ddp yaninnadisohgl Rakrewhicbkbhe yminRadeghebbial t . DE- A- 28
51 039 desbrobwgst aimroocessadiomwihe prndmin rande hiydroger Uneshe ofrayeniceabky
active 1- aEYi\ﬁd‘Ed@ﬁeﬁmaltﬂo‘rWd:%ﬁﬁ% QRLEE Al Fe2BblY Cectbris@bYL A Nes are

y

treated with drogen in the presence of a hydrogenation catalyst, in
particul ar e bal t. DE-A-29 03 589 describes a prqcess for_preparing
racenic m Q?g%’]'e‘i' g(bglf’%éét?%%‘fﬂf'eic?i %°%‘?ﬁsn3§rb§h? rr@é‘pﬁ"}’réaﬁ%" Stically
active anPREXCH}Ih afydre @M nodlcRBObF edewddchf the mpdnegématebriscat al yst,
25 in partbrobght Rateyceoobatit withRAaesy miobledk, imtthe @rasence taefirper at ur e.
The earliehy&esqea appki patdm thachd OBEELT high Of erldRGRRRRES 23 . g.1998,

rel ates ;50 flemé}cmnf 96 07aC 2Bt A% PLieah | ¥r aGldeecaghiRs 30 by reacting
t he optlca? y active amne in the presénce of hydrogen and a hydrogenation

catal yst or_deh dro%enation catalyst at elevated tenperature by carrying

out the redRtdotP il tﬁ@sgh%emﬁi‘ﬁs OSEERGY Nog Ak~ bl %4cY 28F $M&-pr esent

i nventi on RfBseatevdr lanl Bt Besprhasss PoPcYye T hbe reacanicasidmes
whi ch st aro§ épwinalily acbivespondahgpopiaryalismiats e ahe neremetica of
corr espasdhp@raderohol aangigekat 068 Easallyakt bigh HAt ®khay Snidke1wbich
process thRaéPe&baltProduct is obtained at high yield based on the
starting 40 materials, high space-tine yield and a hi gh degree of

racem zati eqd .o he opt.ically active_am ne used. W have found that
hi s ob, e 2 102l Tortr thPacR Riienes, RE hefiia; OO BBHVE S nes
of the forfbIPticedly agkivods2gylNpReRin vhigh $hghepeitallah@crivar e
di ffereRfP anarRPniRes RBe dreaglelyvith dydrogekyin tieypaeksgice afyk,
het er oar yl hpdnbdeatagrioaycitalysadi tal sartdnra1R8 ERareyalksbabe. hydr ogen (H),
where the padical 93c899b@Hcribes a process for preparing racemic mixtures

of optically active amines by treating the optically active

amines with hydrogen in the presence of a hydrogenation catalyst,

25 in particular Raney cobalt or Raney nickel, at elevated
‘temperature. ' o '

The earlier German application No. 19859775.4 of December 23,
1998, relates to a process for racemizing optically active amines

30 by reacting the optically active amine in the presence of
hydrogen and a hydrogenation catalyst or dehydrogenation catalyst
at elevated temperature by carrying out the reaction in the gas
phase.

35 It is an object of the present invention to discover an economic
process for preparing racemic amines which starts from the
corresponding optically active amine and a corresponding alcohol
and/or ketone as starting materials, in which process the process
product is obtained at high yield based on the starting

40 materials, high space-time yield and a high degree of
racemization based on the optically active amine used.

We have found that this object is achieved by a process for the
preparation of racemic amines of the formula I
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substituents selected fromthe group consisting of alkyl, 10 cycl oal kyl,

al koxy, aryloxy, ami no, alkylanm no and di al kyl ami no, which conprises$ AUG 2003
sinmul taneously reacting in situ the corresponding optically active anm ne |
(based on the asymetric carbon shown,in 1) and the secondary al cohol of
the formula Il and/or the unsymmetrical ketone of the formula 11l 15 20
and the amine of the fornula RBNH2 NHRt he presence of hydrogen and a

hydr ogenati on catal yst or dehydrogenati on cat al y‘sf)'at el evat ed

tenperature. 25 It is clear hereg dzhe radica R1 and R2 of the al cohol
Il of the ketone IIl, of the optically active amne | and of the racemc
amne | gespectively correspond and the radicals R3 of the am ne R3NH2, of

t he optlcal ive the.race 0O _amn respectivel
correspond® JI¥¥1‘E'G,\(irﬁtc)lr 88 3580??1?%’“?3 ) I|?1r1vg‘flt |]§) @%Y i | ugt rated %y
the fol | ofWatPaliky rraﬁw%%lwmsa&bl( |betegparyh and QEF?’&%CXSIJHGH? BND H2
+ and/ or Hyuod dgaenam als @ deabydrogen RH)C) vhiette hhegeadi¢als canabgar R -~' -R
45 (Rl is pgbstidemhitsatelidartled Erom Rhe @tpuprenenise ihGIR3E 2 1H3®D,8 AUG 2003 4
The proggssya rk‘}'lngaiﬂoﬁ}he arPYSRY | GhikBY PEkPiRimin8dafitailal kii8mihd qui d
phase, or é LE b Lo, (15,035, 00058, rBBLEINE S o9%u PRSI BLIRb¥onaing
cont i nuous S f"g cat abQ/ t, prefer

optlcally actlve amine sed on the as etric carbon shown in

I) and the secondary alcohol of the formula II and/or the

unsymmetrical ketone of the formula III

15
OH 0O
H1/LH2 FI‘/U\RZ

20 () ()

and the amine of the formula R3NH; in the presence of hydrogen and
a hydrogenation catalyst or dehydrogenation catalyst at elevated
temperature.

25
It is clear here that the radicals R! and R? of the alcohol II of
the ketone III, of the optically active amine I and of the
racemic amine I respectively correspond and the radicals R3 of the
amine R3NHB;, of the optically active amine I and of the racemic

30 amine I respectively correspond.

The process according to the invention may be illustrated by the
following diagram:

R1)\R2

NHR® {n RNH, NHR®

40 H
, /l\ 2 + and/or : - . )\ , + HO
R R Hydrogenation catalystor R R

(1) 0 dehydrogenation catalyst

)
optically active " )LHQ racemic

45

(R' is not identical to (ny
R?)




5 being disposed as a fixed bed in the reactor. The process according to
the invention for preparing the racemic amnes | is carried out in tHhaUs 2003
presence of the amine of the fornula R3NH2. When racem c amines in which
R3 is Hare being 10 prepared, the anmgne R3NH2 is ammonia. Generally, the
nolar ratio of RBANH2 to the sumof optically active amne | and al cohol |
and/or ketone Ill is froml:1 to 50:1, preferably froml.5:1 to 30:1,

parti cul arThe RIOCEFRLRSCITEMI2LD tBe iPvention Ay, heafRrEIRAAUF pPetl? abl y
from2: 1 tbidiOidl phEhe, nit PrefRBAPRY et ade, gbaseithsen bheckwireof ogptical |y
active anmpeferaitdy absefiilouksiyands ofoXeienethd lctanyss peiddabaybe greater

than 505 I 20; FSpARLAad Al if9x0h 08 ifGAkkY ACidieg.anine | to al cohol 1l
and/ or etone |11 |s not crltlca and can vary in broad ranges and is

generally from1:100 to 100: preferably from1:50 to 50:1, for exanple

1:1. 25 ThEh\RIASGER ?%Cfg@délﬁawyt%tw&&&éanu#ﬂro BERBAF £ tH16n TRReRHE
anmount of dmigmss It ds40@rniedyouternbtle inveaanegouitthef ankmmoo the 200 1,
per nol ar sénulfa EPEALaWhgnacicanti carimbiaes andihdkbokdlisl B asedbéaingcet one
LT, wigh ;%f@palxlemr tNal sl RIFBSIsCanBoRed Ng at STP 30 When the process
according to the invention is carried out in the gas phase, a mxture

conS|st|P? %Hﬁﬁ%;i éﬁcall ag% l%é%gkﬁﬁP?| Q%etQShCQ{re%Q ginquﬁgcond:;y

al cohol passe réact of eg

ext er nal | yaTenst &d aB 21eRNAr ILeaREOPT E%Wﬁelb%s’eso5§°§t a’c]e ®eliihe
cat al yst iprefeyablysframm . .Ghdsen 39: be paatiFelamiy Pregderpbiofreme : 1
evapor als oto 0pr verypgpdntdicaganl anskeflesabiry nérda8igki2, tprBfdr.althy ool st i ng

of hydr oggmmBndxtdss ,aHaredRSNHhe &umPbessptiRe10y Sc0iB0ahihe 1rdda,
pref erab' yaiéa{alb 1% %g?ﬁaﬁpk%?gggfﬁf%aa{ iy, Raeielabby fropd: Lnkp 40 3

@ streamto flowinto the fixed bed of

catalyst f? above or frombelow The gas streamrequired is preferably
obt ai ned by nmeans of a circulating gas procedure 45 usi for exanple, a
ci r cul ag@dTemgncfllagwratid rfmoabéaelly tartive aBine (Ivépuﬁéccg*lolsﬂi aadP®m gas
out f | ow of kétema aliguts 2bft tcxrit3661 ldrd aanavaey dlry drobddrarglegnendfid 1. A

typical cigendaiiign £8oMUG 120080510@85S, Grepesiblprron, 150 exaople, fabout 40
to 45% by ypliuwe qf.; RBNH2, remainder: H2. The space velocity over the
catalyst is

25 The hydrogen is generally introduced into the reaction in an
amount of from 5 to 400 1, preferably in an amount of from 10 to
200 1, per molar sum of optically active amine I and alcohol II
and/or ketone III, with the liter values in each case being at
STP.

30
When the process according to the invention is carried out in the
gas phase, a mixture consisting of the optically active amine I
and the corresponding secondary alcohol II and/or unsymmetrical
ketone III is passed in a reactor, eg. an externally heated

35 tubular reactor, in the gaseous state over the catalyst in a gas
stream chosen to be sufficiently large for the evaporation
comprising hydrogen and the amine R3NH,, preferably consisting of
hydrogen and the amine R3NH,;, at pressures of from 0.1 to 10 MPa,
preferably from 0.1 to 5 MPa, particularly preferably from 0.1 to

40 3 MPa.

It is possible for the feed stream to flow into the fixed bed of
catalyst from above or from below. The gas stream required is
preferably obtained by means of a circulating gas procedure

45 using, for example, a circulated gas flow of from about 5 to
10 m3/h (volume at STP) and a gas outflow of from about 250 to
350 1/h at a catalyst bed volume of 1 1. A typical circulation




generally in the range fromO0.1 to 2 kg, preferably fromO0.1 to |
particularly preferably from0.3 to 0.8 kg, of starting 5 nateri al m&lﬂlulﬂaﬂm
[amine + (al cohol and/or ketone)] per liter of catalyst (bed volume) and
hour. The tenperatures selected for thg gas-phase racem zation are |n t he

rangefromlOOto 30! preferably fr Oto 70C 0 art cul ar
pref er abl y 2PPofit ]8‘10?56&’ %/or e¥( ??tl.ﬁ e ?%fqe#% 51?’ 'ﬂﬂ'ﬁ 0 to

240C, in p§?'t’ﬁ‘bulr§F‘aFP‘3ﬁ?‘18{3 t &0 %Iﬁf@cevﬁéﬁoﬂfé’ SVEEethe aﬁﬁ,"@rldisﬁgl%o t he

i nvention genendlledrotghe nandre friomqli U whas&g, apréfeuabd ycbnem dt.ilngool t he
optically agiipereigulerly prefurable cosm aspordi 008 sefordasyaddiarhol ||

and/ or urssmaesttamtlxtlﬁetortauﬂé + $aPessAd anb/bhex N aRENCRe L) FHegr ggen and

t he am ne e f f 0.1 to 30 MPa, préferably from5 to
25 MPa, parggyg!l2 Srg’?g‘?’g% 7 ré%ﬁ%b to 25 MPa, in the liquid state

over the catalyst V\/mch 'S usuaIIy situated in a preferably 20 externally
heated fi x8Hebeemperatugrs egfeqtebufar theagasrrhastharmoemézptbvedweeins
carri ed outhenrandelfdoar 10@act GOOFT, irxrefposslplfrcmonsoheo dizoécii on of flow

t hrough jiohgatt x&ch fatyabystefady reohe1 sl thersbromvelhy ﬁ@&ﬁ&qaﬂpl ckl e
mode) or T LogrLABROELAR 2P (RPLLY nqqtegar L&ITGHIeBbh O 93

operation tageous, in V\/m cas or exanple, at a catraq yst bed
volunme of 1 1, a circulation gas rate of approximately fromO0.01 to 1 nB8/h

(vol une coliPePtERE BFOSLERRFP RPetattite 1ARAN AL S ERITHRR OME dRhBRRt gas
rate of fréAtapprEidseat &l Hixtneocgnisyingapé thhe anhicalhe achiveyemispace
vel oci t w5 3 gederhd lopriraspdred imgngecdtidany) a@bohdb X apdéberabdyymmeepic®dL 1 t o

1, particukatbie pref dsaphysdd AM @hd plesedce, okth¥frogear bhd B Ak hal

| \rlnorb ur )e gﬁﬁbh 0% htl atggmlesaa@/ ®fom B2 1k@50ﬂ@)dpaoegrtgéﬂrﬁ1zatfl,%atta&, yéct (bed
l'iquid phase lQ%‘r‘re %&ﬁggﬁyatpgsg%gﬁéf er ab;’l rozrr% %g C, qmg
particul ar fy3t T)r%‘feé"r aBPycrmsteyh toh dpEsugl ¥3§/ shEated ]a'F 1% PﬁF@FE?IaJon

f rom 40 2P7exter g, hPﬁt%rﬁli’@‘j‘I'BPdf#QﬂﬁtPS@) €9 BBClarheeapidieal |y active

amine | can be racemzed in the liquid phase in the presence of an inert
sol vent whiwabnithd ipgdcddurélelrs icheriehasanineactimmlagopdadtaandt ssgch as

t et rahydr OE%@Ibléj'fQ%a@Se &d&t&eﬁ hyd alckok heong and/ efixed hs@tem?sgl NP !

di met hyl 08 :3. @8 N er{r&l%ﬁlé” oksfﬂ?n‘i r'éh% bQHfoh N the
gas phasﬁ eratures, higher

overal | p?gggt?%énogiﬁd hgg‘fferr % 3 é?“ %8@% rf‘r‘-é% g}s) stat ed above S

advantageous, in which case, or exampl e, at a catalyst bed

volume of 1 1, a circulation gas rate of approximately from 0.01

to 1 m3/h {volume converted to standard temperature and pressure)

and an exhaust gas rate of from approximately 10 to 300 1/h are
30 run.

The catalyst space velocity is generally in the range from 0.05

to 2, preferably from 0.1 to 1, particularly preferably from 0.2

to 0.6, kg of starting material mixture [amine + (alcohol and/or
35 ketone)] per liter of catalyst (bed volume} and hour.

The temperatures chosen for the racemization in the ligquid phase

are from 100 to 300°C, preferably from 150 to 270°C, particularly

preferably from 160 to 250°C, very particularly preferably from
40 170 to 240°C, in particular from 180 to 230°C.

The optically active amine I can be racemized in the liquid phase
in the presence of an inert solvent which is liquid under the
chosen reaction conditions, such as tetrahydrofuran, dioxane,

45 N-methylpyrrolidone and/or ethylene glycol dimethyl ether.




al so possible. 5 The pressure in the reaction vessel which is essentially
given by the sumof the partial pressures of optically active ani ne § AUG 2003
al cohol Il and/or ketone Ill, the am ne R3NH2, the racem zed am ne

formed, and the solvent which nay be pgesent, at the 10 tenperature

respectlveéxtﬁr%m%e go@épgdl ar¥ 1L AURATRILRY o0 THLEESH ,égg ogen to

the desired.reacti.on %. reacti on |ently
been expand& rpd'fﬁ g?eu?ee dgf‘gﬁ twe&%ﬁ??at]’ilﬁﬁf tﬂ%e‘fﬁﬂo‘r ogen, the
ani ne RBNHRTASSHIRF &M Bdphentcaledystvipars vedechblier ashissated bove is
recircul at ellsc posbitle.resul tant cool ed crude reaction product, which
essentiabkly conprises racemic amne | and water, is purified by a

fractional Tﬁﬁfégsqﬁre' R @itxe %é&&%&ﬁﬁrw?ﬂle%{ﬁ%ﬁ ze%tsea%ggfgﬁ o‘ih%%sﬁir e.

Pr ef er abl y nal_recti

o1 1y SEE R R PERELET RESBREHLAY PSLLP B 46 ChYS L FEHS g wi th
appr oxi mat éHPhSDb/oIsIt PBRGPR kRRAIGudIIsothmmipgr BlHe Sk lﬁﬁc@ﬁ‘lzﬁérml e,
accordi ng Tofeinedr @pdsthefsalwentnvhith ovgy bacpnesent5at the

1- met hoxy- 2empérpirepaaspédy SielyOep) ofdrl, is- CkPedi¥htiy- Gh@ L 3¥a B3 = H)
can be prepah Lk dyiny H}*hf@cﬁlﬁp% Eﬂesdiééhf&agteheal&f preRtLfal Iy active

1- met hoxy- 2- am nopr opane, 1- rret oxy- 2- pr opanol ammoni a in the presence
of hydrog and hydr ogenat | cat st _or deh dro enatlon cat al yst at
el evat ed tg%eel? atte}’L? ea§ S ’CSFE?GEQ %@Pﬁpba{}, FBhe¥RARG o fF

conpri ses R &)e MOfPRe a%lgV\&Yeﬁléhhl%@imikéﬂedwdrmﬁnexmla@mbyli i ng
sodi um lﬁy@m@))@rwe sodvant arsechy hiehdtsedmibgd ngsalpby abi bg oédindvdaagdeous
phase and andtild iregul ban{ Rco)lelOtPideE aelaicibn gpidiee, wHidb accordance

Wi th EP- A-88derddihil1lheomsvaidsaq@cehid fﬁnﬁ{eo‘ieéﬁd Qlatebe LDV&Mi Ifq'ad' Sy d nter
alia, its fPa?cFélo%‘é'laE: SEPPPJQt‘io%f Licl t Cf?rer&%u%Epé‘r aétf 1%61%”58 need to

be built t d
a?coﬁlols Prég Syﬁﬁﬁg?'f'%?ﬂe Gpdm oo SLcLel dmiarl oo of, 0, secondary

and (b) Pa%%?ﬁlﬂ%g’utthet’é%r’ﬁ‘ae@ﬁéﬁal ?h Dt MeEPFyin ddei gEudgiRFOduCthL® t he
processes ¥emovawd byb}reawinms: widhr ppRr @timateil U A seoastyh iagusious (al so
conpar e i nsédiisn ¢gdrexide tdrdvddbail s on page 1 of the description, 2nd
paragraph). 45 E AUG 2003 7 Surprisingly, the yields and selectivities of
the 'nd'v'fg¥“example, according to the process of the invention, racemic
25 l-methoxy-2-aminopropane (R,S)~MOIPA} (R! = -CH;, R? = -CH,0CH3, R3 |
= H) can be prepared by simultanecus in situ reaction of |
optically active l-methoxy-2-aminopropane, l-methoxy-2-propanol ‘
and ammonia in the presence of hydrogen and a hydrogenation
catalyst or dehydrogenation catalyst at elevated temperature.
30
The crude process product which essentially comprises (R,S)-MOIPA
and water can be worked up, for example, by adding sodium
hydroxide solution to the discharge, separating off the aqueous
phase and distilling the (R,S5)-MOIPA-containing phase, in
35 accordance with EP-A-881 211.

The advantage of the process of the invention is, inter alia, its
particular economic efficiency, since no separate plants need to
be built to prepare the racemic amines I by (a) amination of

40 secondary alcohols I1 or unsymmetrical ketones III with amines of
the formula R3NH; and (b) racemizing the corresponding optically
active amine I, but the processes {a) and {b) can be carried out
simultaneously in situ (also compare in this context, the details
on page 1 of the description, 2nd paragraph).
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process steps are virtually unaffected by the conmbination according to the

I nvention of the two conpletely different abovenentioned process Ste?%UG?@UJ

and (b) into a single process 5 stage. That is to say, the increased

formation of byproducts, for exanple §he symetrical amnes of the fornula
C . sui tabl e hydrogenation

R3 10 is vji |l t seen.. Parficularl >
catal ysts aén%ﬁﬁﬁﬁﬁggén%ﬁ ﬁégit%ﬂ sstege‘éf’é taen 9t theindivienpli se, as
cat al yti cal ¥APEEET FESPR I VEGERR LY dIn@dEne sed divedhededmiimatiiengr oup

consi sti ng ¥fcorgdppere the vawengbdnl ofi tbe, teobainplenetk ali f fielrent um

rut heni um abdvetienmioped |Rdicess OsdPsiMa)i ahdli (B iBkat A NdiHgi1ehbeptagy 20

ol ybdenusn anget, Unggt efs 4o s8¢ e @SR Ba &a%c!fm%tg.gﬁrgdt( %@?EL?ES sigte 0)
or 1n the QLML CRUPANNIS, ;8d) G Ao ENBNE, T educed o T et
correspondifg etal under tha pr chudEScBhdtRS ™ e catal ytically active
constituents copper, silver, gdbld, iron, 25 cobalt, nickel, rhenium

rut heni um rhodi um pall_adi urré osm,um iridium platinum chrom um

nol ybdenum and/ or tungs erally present in the catalytically
active npgs of the catal?fpi n\’gﬂunts of fromO0.1 to 80% by wei ght,
preferably from 0.1 to 70%'by Wi ght, particularly preferably fromO0.1 to
60% by 30 weight, calculated as netal in oxidation state 0. Preference is
given to catal ysts which conprise, as catalytically active constituents,

el ement s selfedtEquebntte S§8Bup consisting of copper, silver, cobalt,

ni ckel, ruthenium rhodium palladium 35 platinum chrom um and

nol ybdemsnparit ipal &r bylsari tabl e ciyeitobenat id @ @60yt € ¥hdl abhPlr erfa@RBRT
silver, ni GRhiybtshafd Wakal§SedimibnPabsdiden agmml%‘iégﬂl oRdenum in
each case idy,oBELALhisL, feqamﬁpg's%%hgads%a&ne fb ol Lhe Loriyof
conpounds, co?g.erOXéd]S;Sér vvmog? arere u}%:e to therco re§p8ﬁiﬂ:’n r‘f’e‘_ftal under
40 the proCesE-Eontit)ors 06 ea'@Pr pFePdrenfécrs! i RRER 1B, CHY HISPIU& whi ch
conpri se t F&9¢8Ra BRALIAIPY. o8nipg, c bridiume RLEt ERbechreniv®y | i ron,

cobal t, 2thmekEbdenym g grPIstRIdi Gm each |cadieudn ostallie foimi wmiaadion 45
pl ati num amsdagestppor tinmaher fatm o€ eahpslirfdsgmeyhensgideisp #hASIGC 303 8

consi sti ng retiuabd Md WReO¥beLesFdndeAgi R i QRES, tid (RRLEE: hiiitdgnsCar bon
and/ or oxygen conpounds of silicon. The catalytically active nass ofs t hese

catal ysts Wmhcga@£f§tically active constituents copper, silver, gold, iron,

25 cobalt, nickel, rhenium, ruthenium, rhodium, palladium, osmium,
iridium, platinum, chromium, molybdenum and/or tungsten are
generally present in the catalytically active mass of the
catalyst in amounts of from 0.1 to 80% by weight, preferably from
0.1 to 70% by weight, particularly preferably from 0.1 to 60% by

30 weight, calculated as metal in oxidation state 0.

Preference is given to catalysts which comprise, as catalytically
active constituents, elements selected from the group consisting
of copper, silver, cobalt, nickel, ruthenium, rhodium, palladium,

35 platinum, chromium and molybdenum, in particular selected from
the group consisting of copper, silver, nickel, ruthenium,
rhodium, palladium, chromium and molybdenum, in each case in
metallic form (oxidation state 0) or in the form of compounds,
eg. oxides, which are reduced to the corresponding metal under

40 the process conditions.

Greater preference is given to catalysts which comprise the

catalytically active constituents copper, silver, iron, cobalt,

nickel, ruthenium, rhodium, palladium, osmium, iridium and/or
45 platinum and a support material selected from the group




5 preferably used in the process of the invention conprises the
catalytically active constituents copper, silver, iron, cobalt, ni ckgIAIUﬁ 0
rut henium rhodium palladium osmium iridiumand/or platinumin tot
anounts generally fromO0.1 to 80%by wgi ght, preferably from0.1 to 70%by
wei ght, particularl ﬁE frabl%l romO 1 to 60% by wei ght, calcul ated as
metal in the. OXidatron: STHEE ofﬁ S diiFCERLE HE 0XAA8F yEF e W act i ve nass
of these caﬁ’aﬂ’&‘éjtes CRRPRH %Prde;(oﬁr@i‘%‘i%lbl%ﬂﬂm’é@ld%(ﬂﬁptslléesonhe suppor t
material s 15 al um num oxi de (A1203), zirconiumdioxide (ZrQ2), titanium
di oxi de (TR )ateaayboea BYyd/aet i 0K Ygads Q&rrmﬁea@scaqfal gkg%c%&sul ated as
S102, gerer;a&éﬁéﬁamgﬁ@éd i REBUPE ggo 2B ghlc

n

|
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t hose di scl os
the catal ySticksdreTPh ‘?P“’é“'aﬁa"ﬁb““ﬂ'o E@G@@Byumu@mumoflﬁmnt andiekel or
their m xt@a@tinumoinOtoizl o 2\9%ihe \wenghally frothenl wm &0kobyOwd ightQ% by
vei ght of mefeenbapdfforom.Q to B9 by weight, GfarREeGDILIS R far REIPUS 25

metal oxjgler P PQA to S4EN KIS wak g NWR1ekh ded aAs“HﬂaQQ?' i Ct%feem&A{fHH um
di oxi de, zig,cQni ym di oxi de or mxtures thereof, which can be prepared by

(a) inpregnating the support with the netals, pronoters or conpounds

thereof, (b) drying and calcining the inpregnated support and (c) reducing

the cal ci néd® #Gpp6LeNi Fhe capahyiiydy 3ekbemmaghdof Hehasst sryalysth scl osed
in EP- A- 8395k eveppisfiargbliagertl eompéses othel suppoit neftetrhelsat al yst,

from 0. 158 aladibymwer e (afl,cobalztirconiwk &lioftdé heiro, §r x{_waﬁuutnr amPidol to
25% by wei qhtloei 38arHénna Rl Ko} Jﬂy@@hocaapomaésbvagﬁ%n CQP&pﬂteﬁngsf rom 0
to 5% by  wgig ir(er!%(i ﬁréoé%ﬁ 2nPERONSR: IRk, ST AP 131BR0L \RUER a8,

al um num o £t ant unj e, 71 oAl UM

m xtures t éc(ragg crhO can 9p9r«'-,\t;ﬂsas(\fd""ffy'-:’ %Y%) inpregnating the support
with the netals, prom)ters or corrpounds 40 t hereof, (b) drying and

cal ci ni rif EPFémPPfﬁFe@ﬁ'neﬁU@d? sappliratsapde( those @d&clmged he Eak-a+83 s96pport in
a hydr ogen compgaminguitiaziedeon atted wottalf veighie off thesatellythe f5RsaRhn

i nvention z:g}gndt bp ntdmmé b§ adat gHt, Sofnamm hRekERIA Yhigal xhi/xtﬁf‘rfe' ve
conponent s #45nabeo@PRId ©dst u ,?“pﬁ S nQli

defi ned, cgégg%) %: f% ;n%%éllﬁgggg %%a?:{%n P"r m g% 57%8%?% Eﬁ ne
27, 1998, p M LT ‘Ffé Brd BPERYS 2003 9
catal yti cal'x a&c?ﬂ/ @61988ﬁ’ént%‘°5ﬂ' é‘saBb‘I"T”éHm't 8"%‘?‘1%' alugdpgpiyicate,

anium dioxide, zirconium dioxide or mixtures thereof, which
can be prepared by (a) impregnating the support with the metals,
promoters or compounds thereof, (b) drying and calcining the
impregnated support and (c¢) reducing the calcined support in a
30 hydrogen stream, and

the catalysts disclosed in EP-A-839 574 comprising, based on the
total weight of the catalyst, from 0.1 to 6% by weight of cobalt,
nickel or their mixture, from 0.001 to 25% by weight of

35 ruthenium, from 0 to 10% by weight of copper and from 0 to 5% by
weight of promoters on a porous metal oxide support such as
aluminum oxide, aluminosilicate, titanium dioxide, zirconium
dioxide or mixtures therecf, which can be prepared by (a)
impregnating the support with the metals, promoters or compounds

40 thereof, (b) drying and calcining the impregnated support and (c)
reducing the calcined support in a hydrogen stream.

Suitable catalysts for the process of the present invention are
thin-layer catalysts in which the catalytically active components

45 are applied to structured supports or monoliths, as are defined,
for example, in the German application No. 198 27 385.1 of June
27, 1998, page 1, lines 14 to 30, and in DE-A-35 13 726. The




support or nonolith used, e.g. a netal wire nmesh or an SiQ2-, Ti -, Zr2-
or Al 2G3 honeyconb body, by known nethods, for exanple by vapor depo@iztih @03
of the catalytically active netal, 5 e.g. noble netal, under reduced
pressure as described in DE-A- 35 13 786 or by an | mpregnati on process as

descri bed | 39 15 685 ory A-4 746 537. | es of
thin-1ayer ca ﬁstéélv\il c%i’ used:s ar?h%pp 3 esg the) Frueter atrans)ent
i nvention a?‘épﬁ & ORtHPRRY F§E‘Pos"e'd? i/ Epral 6"4-6'9582551 rPE@ahﬁllgs-rl and 2
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t he cat al yséxangilec bgseapdmn depaspt tor3 oshithl corglvitieallheadwEiver tnai:ai\!p
1.4401 agide MAPRLbUEPRSEdEd uRdeNEbdiRRdC Bl AL Misle dkSabasEtdd i EXBRDA

whi ch conpr 6t osi t.ed . bBd eri aI
nunber s as 13se,2n ?% Egg; sgﬁ esjtéh %}OQQ 2 a%og g f'e)l?sden nt?g'fgﬁgh?% ‘
edition, AR, r6 If?yﬂfogﬁeﬁat‘ll'gﬁ a!r:'l%l dehydr ogenati on catal ysts
whi ch are 20 SU|tabIe for use in the process of the present invention are
shel | cat alB:strplies ofii chin-leyenat@dtliysak| yhimtt icee benpaesi tinoshbapr dwess
applied i 6ithfe0[3ma9énta isRehti&n axeCene @iteﬂ%QQrBlMcﬂ.@dalln which is

general I'y inent cypdeg, :ﬁﬁﬂxﬁﬁ?iéQG coads typns, ct,agn@é 'ﬁiagg@{;ge(sl @),

por cel ai n e ] ar ruti

al um na (Al% ¥ EZFZ] naunm%gllsl%xa‘igj vapoﬁaSﬁ%%ﬂﬁ% ? fc l@gé‘:ﬁ%é? te

zi rconi um s‘?llﬁcclé’[sé ofP CERATBE 3 WHick EOBPTHISE REsTR Hriedt Nosukni4tel |
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Techni p PariMatet987, nunds s 7d0&331~5caiaieenifbed0, ¥é31adhese

i npregnati ot JANREsR Gfbn GA9BT | 6, (@i PR §9naklsen of the support materi al
Wi th an excess of solution |rrrrerS|on§mor (b) spray i npregnation of the

support 35 material in an inpregnation drum followed in each case by

drying and ‘“B'a'IhEFnBi"i"ER‘ﬂenRﬁbPﬂe?“%%EFBF%g%-‘SP PR astAgvELER anfel |

cat al yst20 jshitabder foredisef dp theygFosess o DA peegentIBvanlior-avel7 69 998.
In 40 this stefllodatalysagudoushiatd/tbe ocagalyitcadlyentticentampositiaohati on
or suspensisyenobpplfed GRS thé Uhtns oFf at SR TRIGH ¥l é6hd lof saphb¥e matEReshtion
and/ or theum%egyraa{exfaqri?oyﬁ@ﬁb uRBESi fd LR%actE6h ecrcrmt&enes f&e 'slurry”,

i s sprayed F ‘? ;}%qg g}r&g lazl.l? %a ggge‘gﬁ Goatl ngtg eI evat ed
t t Hi Tt _of 8
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silicate or mixtures thereof. |

Such shell catalysts are usually prepared using impregnation

30 processes as are described in J.-F. Le Page et al., Applied
Heterogeneous Catalysis, Edition Technip Paris, 1987, ISBN
2-7108-0531-6, pages 106 to 123. These impregnation processes
comprise (a) impregnation of the support material with an excess
of solution (immersion) or (b} spray impregnation of the support

35 material in an impregnation drum, followed in each case by drying
and calcination.

Another possible way of preparing such shell catalysts is
described, for example, in DE-A-16 42 938 and DE-A-17 69 998. In
40 this method, an agueous and/or organic solvent-containing
solution or suspension of the constituents of the catalytically
active composition and/or their precursor compounds, hereinafter
referred to as the “slurry”, is sprayed onto the support material
in a heated coating drum at elevated temperature until the
45 desired proportion by weight of catalytically active composition
in the overall catalyst has been reached. According to
DE-A-21 06 796, coating can also be carried out in fluidized-bed




8 AUG 2003 10 coaters, as are described, for exanple, in DE-A-12 80 756.
The slurry can, if desired, include organic binders, preferably 2003
copol ymers such as vinyl acetate-vinyl laurate or vinyl acetate-et hy?é“%

as taught by EP-A-744 214. 5 Exarrples1 f shell catalysts which can be used
in the process of the present invention are the catal ysts disclosed in

DE- A- 20 59 S¥PECT Bx ofh|aF €1 desaribeq. fRmi enampie plapBEe- 13y 80 @p6 eghhet i on of
al um na aggllemeyacas. vift itesaradueiowd udebbegarstcabindérsalprefekabipn, e.g. Pd
salt sol ut icopelgner s ireguenyifyyidtetand-€adel Naukabe ANGihbe catal ysts

di scl osed irethee2baVERRL I gRed t L6l p by s Le Page et al. (Applied
I—|eterogerélec‘)ause C?it alysis), e. g.auogﬁ{tpa e ﬁlo,ﬂ\ﬁh?gﬁ'are prepared by

i npregnatton and conprise A1203 and N and/or Co. 15 In general, the
catal ysts EfaREeHrVcSheldf cabrlyfitésWhich RAghibeonsed dm #hsopbecesse@fin t he
form of cattdleypresent cinvieatéobeure tbbt aatelysty diwpebegest ion, precipitation
or pepti zalDECA-pO OSEISBS ERAGpIAIIChcaensAp! whithr &ty prlepaatalgical ly
active cong EE?H&% 32 a1 hhi HE Sglyedme Pa S12RI RE %ﬁda eolls %@mﬂnn%%a?r
steari c_lebmsg ¢! c,ltthleoncateal ystqls,y sgg a5 & sg% eg bbso ) é.g. no t urther
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gi ven to uSPA§iBatIATe, 284 b tlYsss disgloged Hat'dls abevepenticmedar |y

pr ef er abl y apsiete &% Jof-Fanle o%da$ €tnal ur prpliedhigterngesgous nmat eri al s used
as cat al ystasappetd)s, f.gr exaugee 130, twhiarh aredpoepated by Pnpraaladsen

rutile), alua scmppdeda1tdl 20:3; Npr&{dfaabky.a-, 3-, y- or 6-A1203; D10-10
from BASk A1203 having a | arge surface area prepared by bringing at |east
one precur sQr um,_pum. oxifde .into contact with 35 least one structure
former in ggl ?%ﬁ?%lﬁeﬁggm‘:#& %Stgslae%%? iBEFeSP n°t ﬁfé’%@?ﬁﬁﬁn%ﬁﬁﬂ"?&ﬁ?’bn No.
197 30 126°8%cf1SRuBP ¥Fed149Ahe formopt (AAtALERF B EBIOPave kIS ably in the
monocl i ni coBEained hygémaregeation, 4pre¢ipidatighoxd deptszaRior nyoc8s6Rs
obt ai ned bynpreriqh fcanisdnt femnrelgt ef gdtadyticab)y tadeeisel cgedosimtibad or
MESOPOr @QS afiP2i £ e:e@-ireaesapa{@isufswé (V. Ngrapslacioli stear faGe 1ay egs of
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the mesopokgs cofaiier $8ShoalhaTe/ naiith BoR9l ey VO! WP efchdie MeSODOTeES of
at 45 leasEa%aPytni ﬁl%sirq.ae\cs:gn{’\}eb%ccoxrn]panf:ﬁfglmate3r9iaQS.’ or silica gel

As supports, preference is given to using oxidic, carbidic or
25 nitridic materials, particularly preferably materials of an
oxidie nature.

In this context, materials used as catalyst supports, for example
30 titanium dioxide (TiQ;; anatase, rutile),

aluminum oxide (Al;0;3; preferably a-, f-, y- or 6-Al1,03; D10-10
from BASF; Al,0; having a large surface area prepared by bringing
at least one precursor of aluminum oxide into contact with at

35 least one structure former in a ligquid medium, e.g. as described
in the German application No. 197 30 126.6 of July 14, 1997},

zirconium dioxide (2Zr0,;; preferably in the monoclinic or
tetragonal form),

40
silicon dioxide (Si0O;; e.g. SiQ; obtained by precipitation from
water glass or by the sol-gel method or mesoporous 5i0;, e.qg.
mesoporous S5i0; having a specific surface area of the mesopores
of at least 500 m?/g and a pore volume of the mesopores of at

45 least 1.0 ml/g as described in DE-A-196 39 (016, or silica gel
(e.g. as described in Ullmann, Enzykl. Techn. Chem., 4th edition,
Volume 21, pp. 457-63, 1982} or in the form of silicates such as




(e.g. as described in Ul mnn, Enzykl. Techn. Chem, 4th edition, Vol une

21, pp. 457-63, 1982) or in the formof silicates such as 8 AUG 2003 § 35 2003

kaolin, hectorite or alumnosilicates (e.g. as described in Nature, Volune

359, pp. 710-12, 1992, or alkali netal ©r al kaline earth netal

al um nosi | ikcat es ( eo{]i tesé), e.?. of the formula M2/10 Al 2083 xSi02

yH2O, wher &34 a"FoheV A% Rt 8 u%ltﬂ PEAEES (fetdal asHlegNHPRd #njs the
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pr edoni nantSi} 16t PRy | Fe<iym Ealbeat@sdPEr cebaiun sdiliirabess ore S§0; Hentiogi ae or

mont nori | | dreirge) sutfa) areni peepaidd bynbrimdiinde atnhgassione pxécier {dv O,

%i nc oxi de_s(iZa@gn di%ﬂdﬁ Qxkdecdriva) wicerdtimedisexbfle 18 R hre ?fBi/n%rr Ca(rjbon
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m Xt ur egiq{ ql:élor %gé;&% eq%cc)%ﬁggdfg; ggi Hgsgﬁr}%&g? qt géeg(g%xlé'ﬁ yt %gg}ﬁ/atac M ve

conposi tion.”'Thé  ca a{;’s'ts are ‘used, d exanpl e, by introducing the 25

catalytically active conposition ground to powder forminto the reactor or

pref er abl y cgeyei wyictheangiat ypyedamipantly v pbwhposiliantesadndfonridhlaing,

m xi ng w t sidlaptesy (@.-ds, behamitg apdmomeadritlneaitent, as shaped catal yst
bodi es, fsor exanple as pellets, spheres, rings or extrudates, in the

reactor. 3@uMakbOusi MRIR0HS9f el ﬁg‘gﬁépﬂuﬁ Qﬁgec?ﬁ@)yﬁtzingrgx:pcpsairzté)'xb?' They

are obtain €4 e | e, by.pepflzatjon_ o ulverul’ént . ~m X s’6f the
hydr oxi des,%%atrib%g{qee)s((%gg%ie'decs%éﬁfﬂ/ %t e?cg 1hs 28878F TP Pal gt st
conponent s 2t KA bR SPTRRE StiEERBdLe B 19XIdROREnor BelIesared rformienendf t he
conposi ti of18brEFhedergofhi s way. The catal ysts used in the process of the
present 40nvention can also be prepared by inpregnation of the catalyst

support 40atrat esirdesl @SCBe PRI L0bE M Wa@819Eié4010lachRyE of these
catal yst suppgsiitmierials which are, for exanple, in the formof powder
or shaped bodies such as extrudates, pellets, spheres or

The catalysts are used, for example, by introducing the

25 catalytically active composition ground to powder form into the
reactor or preferably placing the catalytically active
composition, after milling, mixing with shaping aids, shaping and
heat treatment, as shaped catalyst bodies, for example as
pellets, spheres, rings or extrudates, in the reactor.

30
Various methods of preparing these catalysts are possible.

They are obtainable, for example, by peptization of pulverulent
mixtures of the hydroxides, carbonates, oxides and/or other salts

35 of the catalyst components with water and subsequent extrudation
and heat treatment of the composition obtained in this way.

The catalysts used in the process of the present invention can
also be prepared by impregnation of the catalyst support

40 materials (see above) or mixtures of two or more of these
catalyst support materials which are, for example, in the form of
powder or shaped bodies such as extrudates, pellets, spheres or
rings.

45 The shaped bodies of the abovementioned catalyst support
materials can be produced by the customary methods.




rings. 45 The shaped bodi es of the abovenenti oned catal yst support

materials can be produced by the customary nethods. 6 AUG 2003 12 The %’5 7003
i mpregnation of the catal yst support rrateri al is likewise carried out

the customary met hods, as descri bed exarrpl e, 1in EP-A-599 180,

EP- A-673 918 or. A. B. Stiles, Catal Manuf acture -Laboratory and

Commer ci al d‘ﬁ\pﬁﬁﬁﬁﬁglowfcélh%c e“‘r’t SNRRPNoMaterdal)is dyikgpipse cati on

of an appr CPIEdEe AvtaPy e cussPmerpmethodne ar desceibegr dgrakkempld eps,

usi ng, for ireER¥pl899abpl omb-at-67hi 1r&alesA. aBetsidesorcatdilgisicdes as net al

Sa: ts. g\f t QJanUI%c'tﬁ?é egnaddraRoryy Nend AERASELL AN E‘I%ggihggor?sndﬁakf:e%des' red,

cal ci ne i i I I nci.pl en t ness
met hod |n vvh % EHQ& JSI{S?@SB%E IBte %%tléhlgg e eﬁ%mr?rlgﬁ M@ hat er
absor pti on @:i%‘a& PELRR; T EREJ°F " rJrB'?Feglé"l"tFrQé’t PGﬁ Sw“csr%nﬁhef?ﬁpr egnat i on
sol ution. SRS, RPRIOBEIBEGNBLtHALSBanagstatier echheridas agt metal

super nat antsadalsut Abber |themilmpregegici amprbgnadnpmsipiosess el iedt an®, if

advant ageouesti@edl, YeaBiithgiassi bl y cal cine the support materi al bet ween
individugd inpregnation steps. It is particularly advantageous to enpl oy

20 rrultlsta e i.npre tion when the catal yst s ort material is to be
Foaded wit ihe ABPEERORIAPT SAoPR TR CHr OXBtH TPoLBETAATE RPERETS Ly of
metal conpdERCs £B Y}P?élbé"ﬁlél 9§?al§(f‘d’péPPP°¥r"at“@rtleﬁllalt¥fe' idepPBgHRd i can be
carri ed outitsi wakeansrasiprignt faps-idlyl, meistersd to ay mastcessuwation n any

order of tRathndhyiiiyptegnartiah selldtdonlt HbwerdrS 0t hoSHigHednh@i ey

preci pi tyy iaaBJTBE OIS {1 RLePEH Ssufdidatahel silutiBaed in the process of the
present invention. Thus, 30 for exanple, they can be obtai ned by

copr eci p|t tion f t he net conmponents from,an,aqueous salt sol ution
cont ai ni ng tnhe"é’e lﬁ'f%ﬁ‘%rﬁmgrﬁ n r@%%f"’ﬁf‘?\%ﬁﬁl“bé%% YA PAEOPP 2K of a
slurry or 3fspefgiihy cﬁalFllﬁé BRAvRIPROsE M rdgar Pelgisens dndbyduad al yst
support nati@prgonahions fisegueht impairngcuthnimgduant agdagisnati emp3y of t he
preci pi tzt ewdhbtiatage. irffpagnagiyn stlenbk e cadtallyst shppartt mag@t£41 alss twhi ch

can be useteaNngadé@wetamPkelas] WliyNUEYXi SRuntt bt aRdyn di oxi de, silicon
di oxi de, zirconium di oxi de and/or hydrated zirconium oxide. 40 The

catal ysts the lproge§ E th%present | %vgnt i.on C%alyst RPrepar ed by

Yed | 0
copr eci pi tat i oﬁp ¥ Q8% Rer Y cOmp © the ca upport
materlal the 1mpregnat10n can be carrled out simultanecously with

25 all metal salts or successively in any order of the individual
metal salts.

It is also possible to employ precipitation methods to prepare
the catalysts used in the process of the present invention. Thus,

30 for example, they can be obtained by coprecipitation of the metal
components from an agqueous salt solution containing these
elements by means of mineral bases in the presence of a slurry or
suspension of fine powders of the sparingly soluble catalyst
support material and subsequent washing, drying and calcination

35 of the precipitate obtained. Sparingly soluble catalyst support
materials which can be used are, for example, aluminum oxide,
titanium dioxide, silicon dioxide, zirconium dioxide and/or
hydrated zirconium oxide.

40 The catalysts used in the process of the present invention can be
prepared by coprecipitation of all their components. For this
purpose, an agqueous salt solution containing the catalyst
components is conveniently admixed hot and while stirring with an
aqueous mineral base, in particular an alkali metal base, for

45 example sodium carbonate, sodium hydroxide, potassium carbonate
or potassium hydroxide, until precipitation is complete. The type
of salts used is generally not critical: since the




pur pose, an aqueous salt solution containing the catalyst conponents is
conveni ently adni xed hot and while stirring with an aqueous m neral Badé.2003
in particular an alkali netal base, for 45 exanple sodi um carbonate, sodium
hydr oxi de, potassium carbonate or potassium hydr oxi de, until precipitation
I's conplete. The tX of salts used IS generally not critical: since the 8
AUG 2003 13"25Gkr&P+4BH bt ity tBe Tk dist 9i Brigte pmpestphporianbeésin this
procedur e, RFageidueei on CFISltIEIIapnt heyt ety e helrehgondthewgbed - sol ubi l ity

necessary twat@repalebihige neeapasdy i teiptepagbl thestOReppira 8R&152high1y

;S” ?L;OPS d&ndl?%tﬁgﬂéél C@d’l@g%@h%l@r\’é dI%Qt Eh@&nsﬁie%ﬁnséf%oﬁeglﬁggtt pl“? sal t S
lead to pro%{ g‘n% l%@'ﬁ%%%g sa?g s‘f%*ﬁnaagwh‘ﬁia@ 3@8? Wit BHEBrSWS

hi nderi ng S SPERERT oy é*éﬂﬁbt%& RO B9a€owpé’>@bf18w&ratwlmhem Py be

sel ect ed. RUFhagpredepinaplespodtimiitedion ohdse inder png aid prereacingns are

general | y cheripakhyisomynicoapieantbre@@Rbhseyiliinber salédsed.m xtures of the
oxi des, hydrated oxides, hydroxides carbonates and insol ubl e and basic

| f | t
;S)?elesplot EEhIFﬁe %gﬁ Péaetdes Etgg% use tttIg'gf:‘o i celr 3%“% r# r%agtlf’le%%ﬁ/e t hem
to stand f #e"ESfe Yl‘??ge“&ﬂaé Yt RRpungdozmy, F’E‘%t‘??ﬂwrlﬁﬁssﬂﬂ%? &lidfevat ed

t enper at ur evigtupRg| @f Feesiopddea rhW@GGQhOﬂFES&ubMénQXJcﬂ?S.Therpmmem t at es
obt ai ned byrishéseopuiels pindabasic netltadsfatiee 2t allerbded. mMoodapseek he

custormary rmhhkedspiDig W& the gaddipitheed LB ni@SPLoge dd®w atcérgeneyally
%'eegaﬁtcﬁ R 88eh® 2Q0Cto ﬂasvga@w“ h tarmal@%&o %@%Qm@‘% § ﬂu%a'efggfg
from 400 }tljegwt{:gtﬂ)% ﬁ%’i3 %EX%% ?ot%'?ﬁﬁa glfg

e

3374t %n,
the catal y&t¥i & hzaNFht SHEP?“%‘&Mltloned whet her by adjusting it to a

particular particle size by mlling or by mxing it after mlling with
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After calcination, the catalyst is advantageously conditioned,
whether by adjusting it to a particular particle size by milling
or by mixing it after milling with shaping aids such as graphite
or stearic acid, pressing it into compacts, e.g. pellets, by

30 means of a press and heat treating it. The heat treatment
temperatures generally correspond to the calcination
temperatures.

In the catalysts prepared in this way, the catalytically active

35 metals are present in the form of a mixture of their
oxygen-containing compounds, i.e. particularly as oxides and
mixed oxides.

The catalysts prepared in this way are usually prereduced before
40 they are used for the racemization of the optically active amines
I. However, they can also be used without prereduction, in which
case they are then reduced under the conditions of the
racemization by the hydrcogen present in the reactor.

45 For the prereduction, the catalysts are generally first exposed
to a nitrogen/hydrogen atmosphere at from 150 to 200°C for a
period of from 12 to 20 hours and subsequently treated in a
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The catalytically active composition of the catalysts used in the
process of the present invention can further comprise one or more
elements (oxidation state 0) or their inorganic or organic

30 compounds selected from groups I A to VI A and I B to VII B of
the Periodic Table.

Examples of such elements and their compounds are:

35 transition metals and compounds thereof such as Mn, Mn,0; and
MnO;; V, vanadium oxides and vanadyl pyrophosphate; Nb, niobium
oxides and niobium oxalate; Ta and tantalum oxides: lanthanides
such as Ce and Ce0;, Pr and Pr;03:; alkali metal oxides such as
Na,0; alkali metal carbonates; alkaline earth metal oxides such as

40 MgO, Ca0, SrO and BaO; alkaline earth metal carbonates such as
MgCO3, CaCO3 and BaCQj;; boron oxide (B,03).

In the process of the present invention, preference is given to
using catalysts whose catalytically active composition after the
45 final heat treatment and before reduction with hydrogen comprises
from 20 to 85% by weight, preferably from 25 to 80% by weight,
particularly preferably from 30 to 75% by weight, of aluminum




such as Ce and Ce02, Pr and Pr203; alkali netal oxides such as Na20;

al kali nmetal carbonates; alkaline earth nmetal oxides such as 40 MG, Bcﬁlf@mﬂfi
SrO and BaQ, al kaline earth nmetal carbonates such as MyC03, CaC03 and
BaCO3; boron oxide (B203). In the proggss of the present invention,
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having a netal content of from5 25 to 80% by wei ght, based on the total

catal yst, whengléder Gatal &&Eﬁﬁ&@pﬁkéeﬁh&@aﬁﬂkﬁé@ cg.@cflbeemsri s of the
netal cont SﬁtA-1§ r5)3m2%9 I’:Qrﬂgxsl W‘Sbgﬂ gucge ci"r%pg’ r abalh ﬁiglq rF' Ckel
e atj o of

and from 300
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al um num ofrde,70 to 95% by weight of a mixture of cobalt and nickel and

from 5 to 30% by weight of copper and the weight ratio of cobalt

to nickel is from 4:1 to 1:4, for example the catalysts described

30 in loc. cit. in the examples, which comprise from 2 to 4% by
weight of copper oxide, 10% by weight of cobalt oxide and 10% by
weight of nickel oxide on aluminum oxide,

the catalysts disclosed in EP-A-382 049, whose catalytically

35 active composition before reduction with hydrogen comprises from
20 to 85% by weight of Zr0O;, from 1 to 30% by weight of CuO and
from 1 to 40% by weight of each of Cu0 and NiO, for example the
catalysts described in loc. cit. on page 6 which have the
composition 76% by weight of 2r, calculated as 2r0;, 4% by weight

40 of Cu, calculated as CuO, 10% by weight of Co, calculated as Co0,
and 10% by weight of Ni, calculated as NiQ,

the catalysts disclosed in EP-A-696 572, whose catalytically
active composition before reduction with hydrogen comprises from

45 20 to B5% by weight of Zr0O;, from 1 to 30% by weight of
oxygen-containing compounds of copper, calculated as Cu0O, from 30
to 70% by weight of oxygen-containing compounds of nickel,
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before reduction w th hydrogen conprises from20 to 85% by wei ght of Zr02,
from 1 t35 309 B3taAdisght dbTckpapdeho ceit feaimag ermpiatdenofo- clc?ﬁp}éﬁll 4
cal cul at ed ofsS€pi@mberod? 141257 ,70Meoby amdiadlytiolly active composition
before reduction with hydrogen comprises from 20 to 85% by weight
of Zr0;, from 1 to 30% by weight of oxygen-containing compounds of
copper, calculated as CuO, from 14 to 70% by weight of
30 oxygen-containing compounds of nickel, calculated as NiO, with
the Ni:Cu ratio being greater than 1, from 0 to 10% by weight of
oxygen-containing compounds of aluminum and/or manganese,
calculated as Al;03 and MnQO; respectively, and no
oxygen-containing compounds of cobalt or molybdenum, for example
35 the catalyst (&) disclosed in loc. cit., page 14 to 15, which has
the composition 32% by weight of 2Zr, calculated as Zr0;, 51% by
weight of Ni, calculated as NiO, and 17% by weight of Cu,
calculated as Cu0,

40 the catalysts which are disclosed in EP-A-284 919 and have the
formula MyMgy(SiO;)*nH;0, whéxre M is a divalent, reducible metal
atom selected from the group consisting of Cu, Fe, Co and Ri, x
and y are numbers which together can reach the value 1.5 and n
is, expressed in % by weight after drying, from 0 to 80, for

45 example the catalyst described in loc. cit. in the example which
comprises 35% of CuO, 9% of Mg0 and 38% of Si0, and the catalyst
described in EP-A-863 140 on page 3 which comprises from 45 to
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Cr203, in SRR 2o T Bﬁs‘éﬁl%’r{‘etdhgaf'ﬁ ¥'example” the catalyss

25 disclosed in EP-A-816 350, page 5, which comprises 30% by weight
of Cu0 and 70% by weight of S5iO;,

the catalysts disclosed in EP-A-514 692, whose catalytically
active composition before reduction with hydrogen comprises from

30 5 to 100% by weight of an oxide of copper and nickel in an atom
ratic of from 1:1 to 10:1 and zirconium oxide and/or aluminum
oxide, in particular the catalysts disclosed in loc. cit. on page
3, lines 20 to 30, whose catalytically active composition before
reduction with hydrogen comprises from 20 to 80% by weight,

35 particularly from 40 to 70% by weight, of Al,03 and/or zZr0O,;, from
1l to 30% by weight of Cu0O, from 1 to 30% by weight of Ni0O and
possibly from 1 to 30% by weight of CoO, for example the catalyst
described in loc. cit., Example 1, which comprises (after
activation) 55% by weight of Al,;0;3, 36% by weight of Cu and 7% by

40 weight of Ni,
the catalysts disclosed in EP-A-691 157 comprising (before
reduction with Hy;) from 85 to 100% by weight, in particular from
95 to 100% by weight, of copper oxide and zirconium dioxide and
from 0 to 15% by weight, in particular from 0 to 5% by weight, of

45 metal oxides of transition groups Ib to VIIb and VIII of the
Periodic Table, for example the catalyst described in loc. cit.,
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t he cat al ysemplunsisi BédcPpPgioc cadfulategi AT ROORMEG frpmgestd 298 BY whi ch has
t he conposwéig: %% GetbyliwicgppenfwiGeR handbden 4ddey bef@ld stlapin2thend
the catal ysigadjsichnasedian. the German Application No. 19859776.2 5 of
Decenbef 523, 1998 conprising copper and oxygen cont ai ni ng conpounds of

tit th i f f d bodi es, whi ch
have beon Db ool EACGEER. S/ BRE G I AET RO L BRACP= BRI SRF ekl o

catal ysts Wbt CIPAF§EF d'éhq%? 56'6?%“-‘@&%0%‘?%"&1CBEP‘B’F’e“r‘EU&@PFBhnW th
hydrogen cb®ag® ides RPenkRWaight 1 0p:gdarieplvel e tdrnoXk9Ydn cedghkni iny
conpounds pdrtiduRruiessaiiam &8 ey agseibh@2and resnyl pak i 606y Wekght had

oxygen-gonwi BY R igheNPOLINGhadt , COPRANateal 4lcrdvasy QE2tiandabipm 2 to
29% by webgé%ex%lgret %é |G peLa Y %thaé &rﬁ@;asgg@sﬁ AshQiqsshapi ng the

cat al yst mat iat [OGESS | F‘ I nvent SR pref erence
J.ca C‘t ve ounts T 1ts, com

IS given to s“ ca a Jt Whose ¢ &Y aFy |calci 58t TV corrp05|t|on

contains |ess than 20% by wei ght, preferably Iess than 10% by weight, in

- particul ar1hes® PRARCES0 Yy e gﬁ%S%tﬁd ipgept et ipaytieriey erefeRance is

25 given to using catalysts whose catalytically active composition
after the final heat treatment before reduction with hydrogen
comprises
from 20 to 85% by weight, preferably from 25 to 80% by weight,
particularly preferably from 30 to 75% by weight, of aluminum

30 oxide (R1;03) and/or zirconium dioxide (Zr0O;) and/or titanium
dioxide (TiO;)} and/or oxygen-containing compounds of silicon,
calculated as Si0;.

In particular, use is made of catalysts whose catalytically

35 active composition after the final heat treatment and before
reduction with hydrogen comprises
from 35 to 75% by weight of aluminum oxide (Al;03),
from 20 to 60% by weight of oxygen-containing compounds of
copper, calculated as Cu0O, and

40 from 5 to 45% by weight, preferably from 5 to 20% by weight, of
oxygen-containing compounds of nickel, calculated as NWNiOQ,
where the sum of these components is at least 80% by weight,
preferably at least 90% by weight, particularly preferably at
least 95% by weight, for example 100% by weight.

45 Such catalysts can be prepared, for example, as described in
EP-A-514 692, page 3, lines 24 to 30. For example, loc. cit.,
Example 1, describes a catalyst comprising (after activation)




20 1% by weight, of cobalt, calculated as CoO Very particularly

preferably, the catalytically active conposition contains no catal yti Al 208
active anounts of cobalt or its conpounds. In the process of the present

i nventi on, particul ar preference is 3% given to usi ng catal ysts whose

cat al ytica ctive conpo ter the fin heat eat ment bef
reduction Wi )é E‘ hy'af %%féth%@ %Ir]ﬁa# gg;f?%rﬁ%hlto /%b?‘\/\élgg weh e P bI y
from 25 to“&@% by weight, particularly preferably from 30 to 75% by

wei ght, of alum num 30 oxide (A1203) and/or zirconium di oxide (Zr02)

and/ or titaneupndicadgd®l( TROZNdARE/ afhedy geramD M2 akrd Ny fEerpat ngtse ,of

silicon, 5 Gake Lﬁé&@kﬁﬁ P Qge Akt | SUkeT agéqoafk)r&ad%rsa&af Al 35&3(& Wﬂose
catalytlcall }&ft%n\éﬁh 03|t|on after the f Lotre
t

before re uc % Oc Y CorpF P ts (?rrﬁdB to Qi/SBX et gﬁgeﬁ?
al uni num o¥NgeT phioDEH “‘aﬁ’ r B?n ?(Psttdtéi‘@%b?ﬁ VRIbGHE EBEN S HRD cRFR insritg
conpounds ehderopperreasilion| eenditdonsu@nd ane 461eeted Froe 1660 droumei ght |
preferably cohemsbing cF0Ulkyl wedyghicalepl, cxiigedy, cany Bixy ngmenapounds of

ni ckel, 1gRlaulaiRth@andd @iavopIanitlee sum of these conponents is at |east
80% by weight, preferably at | east 90% by weight, particularly preferably

at least 93% by weight fore 1e 100% by wei ght. 45 Such catal ysts can
be prepared oy %pl%re & 8§% ¥ed in EP-A-514 692, page 3, lines 24
to 30. For exanmple, loc. cit. Exanpl e 1, describes a catal yst conprising

(after acti-vat ildmyas m@@@@ﬁeagall@a‘ymbslimlsgmucm af\IR06820-368%ylly wei ght of
Cu and 4% by wpiagbicolarIM préberabudi cals, Rhl1kiRP, au@dhR3s méwya ,Réthyd, R2 are -
different are, n5 wﬁfperl(i%s:by Pf xmm@motm;but%llkyéec% al kyl , |
arylal kyl, aryl. + loarnxg g% h%_t% gﬁgﬁb ggﬁ?)hf q@ REQ‘Q )zfm al so be
H, where the rag rrq]% Z stlt 3 are inert
under the reacti t%?ﬁﬂyt 3a8Y and® aﬁgé‘ el ¢ }bed: rl(bup conS| sting
of al kyl, cycl &¥FkgPentyigstdylarithenfyl anﬁRf’ePi‘Ulal ‘RXH]é’rﬁePféflaﬁ yl,
di al kyl 2% no. RtecRRl andteRByahexpkefmenahyy: isdnoppdr rordesydncheetetylyl
radi cal s such asufide€?D- al-kipHecydb, patdoatayl,y preferably Cl-Cl2-al kyl,
such as net hyl yeeyhyhrt idt1REOPYhre fe3ABLOPY]-CgDa i, subhORItndthy3gC- bUtY'
tert-butyl, n-pepby! nlmQRSA VisopRpyRENhYbut /1EOREBEM y1, sec-butyl,
tert-butyl and 2-ethylhexyl,

25
- cycloalkyl radicals, preferably C;-Cg-cycloalkyl, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclocheptyl
and cyclooctyl, particularly preferably cyclopentyl,
cyclohexyl and cyclooctyl,
30 very particularly preferably cyclopentyl and cyclohexyl,

- arylalkyl radicals, preferably Cy-Cpp-arylalkyl, such as
benzyl, l-phenethyl, 2-phenethyl, l-naphthylmethyl,
2-naphthylmethyl, phenanthrylmethyls, 4-tert-butylphenyl-

35 methyl, l-phenylpropyl, 2-phenylpropyl, 3-phenylpropyl,
l-phenylbutyl, 2-phenylbutyl, 3-phenylbutyl and
4-phenylbutyl,
particularly preferably benzyl, l-phenethyl and 2-phenethyl,

40 - aromatic radicals, preferably Cg-Cjypg-aryl, such as phenyl,
l-naphthyl, 2-naphthyl, l-anthryl, 2-anthryl, S-anthryl,
particularly preferably phenyl, l-naphthyl and 2-naphthyl,
particularly preferably phenyl,

45




1, 2-di net hyl propyl, n-hexyl, isohexyl, sec-hexyl, cyclopentyl nethyl,
n-heptyl, isoheptyl, cyclohexylmethyl, 20 n-octyl, 2-ethylhexyl, n- an&EZMH
i sononyl, n-decyl, isodecyl, n-undecyl, n-dodecyl, iso-dodecyl, very
particularly preferably Cl- C8- aIkyI ch as nethyl, ethyl n- propyl

I sopropyl, | sobut u yl he
cycl oal kyl radF%ﬁ?]‘soarﬁ’fnggﬁaﬁi CBgﬁ'ilfcel (?%Ilkyerééécﬁ fapsmaé'yy I’oﬁ?'fy}%ﬁs
cycl obutyl, cyétreyekinl. 3chyy 1 -P¥yAdYghe fEVIC1 hd BFERBOCt VI |

parti cul arl y ppgtmlalﬁl-yleythwm%yllmldtz;p:ll-@heityl 2 ek agyd| eodt%ﬁuz@my\lery
particularly pagéerably cycl opentyl and cycl ohexyl, - arylal kyl radicals,
preferabky C7-C20-arylal kyl, such as benzyl 1- phenet hyl , 2-phenet hyl,

ht hyl h ht h hyl h I b | ph I
B0 I ior o DAL I S e

2- phenylbutyl 59¢$H¥h rB&k&lP%ﬁﬁfl AnpﬁéﬁV kyl Rkﬂ%ﬁ%ﬁgpa fryl preferably
benzyl, 1- phenﬁtﬂhy-}dlaiddtylemwﬁ Yo tetanbndmﬁmaad-ﬁearﬂsancpreferabl y
C6-C20-ary| suca s pyesyidin-3-yapht hyl, 2-naphthyl, 1-anthryl, 2-anthryl,
9-anthr yl, hQPét nC%agéycﬂe%f ehabLygRhaRYk, cdn Napkicpkhaanel 2-draphthy! |

particul ar e abl Ly &ps rp(__L_mné &fglﬂGagQOlsn gggr qrgaa tgoﬁadl cal S,
LiaBtel epat Vol 9'?#

preferably steroar ridyl,
qui nol ylI , ﬁ??@&ﬁﬁons'p?r?bllgpﬁq H en al?ﬁ (y? r and
3-fur anyl Cé e - & W 08PERP C Gafpcat ¥1?}P3é’fcélaalﬁl G- 20'dlalkylaml"°

C3- C15- heterocycloalkyl such as N-al kyl pi peridin-3-yl,

N-al kyl pspené Ghunsbrybs thddd sdbat kilgutgesazr Neadr We, Hepemdidly ehutra- 3-yl
and N-al k¥tﬂ¥rc§é)|r'agh@a§ Viroml@ ¥He§ e JrBsbhRSH, @epsot H6 §adincal s R can,

oaction BoNG TR o o & REEL ‘f%“@%%:%f%@écyﬁ”ﬁ%‘%Pkli’F,epaé%%bgﬁf’Ethyf‘e

reaction
C6- C2D- aryl oxy, am no, Cl C20-al kyl am no and C2- C20-di al kyl am no. 15 The
nunber of thes€iXubsttilenes enfivashabpee. depending on the type of
radical 20fromO to 5, preferably fromO to 3, in

- Ci-Cg-cycloalkyl, as defined above,

- Ci-Capo-alkoxy, preferably C;-Cg-alkoxy, such as methoxy,
ethoxy, n-propoxy, isopropoxy, nh-butoxy, isobutoxy,

25 sec-butoxy, tert-butoxy, n-pentoxy, isopentoxy, sec-pentoxy,
neo-pentoxy, 1l,2-dimethylpropoxy, n-hexoxy, isohexoxy,
sec-hexoxy, n-heptoxy, ischeptoxy, n-octoxy, isococtoxy,
particularly preferably C;-Cs-alkoxy, such as methoxy, ethoxy,
n-propoxy, lisopropoxy, n-butoxy, iscbutoxy, sec-butoxy and

30 tert-butoxy,

- Cg-Cro-aryloxy, such as phenoxy, l-naphthoxy and 2-naphthoxy,
preferably phenoxy,

35 - amino (—NHj3},

- C1-Cap-alkylamino, preferably C;-Cj;-alkylamino, particularly
C;-Cg—alkylamino, such as methylamino, ethylamino,
n-propylamino, isopropylamino, n-butylamino, isobutylamino,

40 tert-butylamino, cyclopentylamino and cyclohexylamino, and

- C;-Cag-dialkylamino, preferably C;-C;p;-dialkylamino,
particularly C;-Cg-dialkylamino, for example
N,N-dimethylamino, N,N-diethylamino, N,N-di-n-propylamino,

45 N,N-di-isopropylamino, N,N-di-n-butylamino, '



particular 0, 1 or 2. Possible substituents are, in particular:

Cl- C20-al kyl, as defined above, 20 C3-C8-cycloal kyl, as defined aboveﬁAUEZM}
Cl- C20- al koxy, preferably Cl-Ce-al koxy, such as methoxy, ethoxy,

n- propoxy, isopropoxy, n-butoxy, isobytoxy, 25 sec-butoxy, tert-butoxy,

n- pent oxy, isopentpExy,. Sec-pentoxy, .. neo-pentoxy, 1, 2-di nmethyl propoxy,

n- hexoxy, isoheXS&@yy;%g%gﬂ%§8Q§?gh}ﬁgﬁfngTNT YIeBxY° Hidbct oxy,

i sooct oxy, paFﬂFEﬁi%ﬁ?%ﬁHﬁW%PQrably Cl- C4- - al koxy, such as nethoxy, ethoxy,
n- pr opoxy, i sopropoxy, n-butoxy, isobutoxy, sec-butoxy and 30 tert-butoxy,

C6- C20- ar yROXys wiigh past PRIy, plebhapddNORydabger- (8RNt hoxy, preferably
phenoxy, g35 - am no (-NH2), Cl-C20-al kyl am no, preferably

Cl-Cl2-al k 1 o rti.cularly . C1-C8-al kyl am.no, such as nef hyl am no,
et hyl ani no%k%ﬁbg?%,ﬁg%%?a# s%hﬁrc p)c/flﬁrﬁ’%d?geﬁ- E)Bt%/l?earﬁrﬁS?SFs%%Lﬁ/ ami no, 40
tert-butyl BRFABNT FIEGSEARYRER no and cycl ohexyl ani no, and
C2- C20-di al kyl am no, preferably C2-Cl2-di al kyl am no, particularly
C2- C8- di al hyhethdawy-2-amissprphane NubEph e t2hsha b oo, nddni8iesky) am no,
N, N-di - nophaRy! 480 NA-adRe Db P slitane0P] Oy TR 8y 1 M el 105 DL M,AT no, 8 AUG
1003 21 Neghhyladhdreohylast s iy rehind - Y BLOBY] A9 g
di cycl ohexylan no. s ver articularly pre racgg ﬁyﬁ?%gen (H. 5
Exanpl es o%’aﬂ}rhcé'sl'lp YLRE %e 208BH9 T HReP BTG ea¥ 1) AEPPfas ent
i nventi on aré®ineriet(RokylBlugHarsShyparR Y IIBEPARNE 2 Za@imiBo3- et hyl but ane,
10 2- anmi noi-gyQ@laliawytlpybbanene -ahipbetynestihyyhaptare:, 2-naphdimgtaehyl anm ne,
2- napht Ll ethyieodseethy pherade)r apyt afet1g,1 phéndll) dWniiaphgay| propane,
Z-GW?n0‘|‘ﬁpth¥$@ﬂﬁ6&9bﬁ@ﬂ*§i¥dﬂ¥i@ﬁine, 1-(3—methoxyphen¥l)ethylamine,
2-amno- | - § D AddeHQROTR! N HACHYLAPAOPAMER 61 BN dI0 ope Y SO AR Propane,
2-an1no-6-F§%ngL J%pgagezﬁg-eg?f%ogegcﬁaf 2-dm no- 4= et hyT heXane,
1- ( 4- met hy FPRERVI EEROT AR 7Y 1oFY FEC RS RS pheny | ) et hyl ani ne,
1- (3- et hoxyphenyl ) et hyl am ne, 1-ami notetralin,
t rans- | 28nPabt Poawz preksesndeopengiven d&ied 1-methoxy-2-aminopropane,
trans- | - an? pgmindSrmngkbx oy rehaxdne-aithoRay 8+ dieathypbet €ience i s given to
1- met hoxy- 2- am nopr opane,
In a particular variant, the process of the present invention is
carried out using an optically active amine I which has been
25 obtained by cleavage of an amide derived from this optically
active amine, which amide is formed in the preparation of one
enantiomer of I (based on the asymmetric carbon atom shown in I)
by (a) enantioselective acylation of the racemic amine I with an
ester whose acid component bears a fluorine, nitrogen,
30 phosphorus, oxygen or sulfur atom adjacent to the carbonyl carbon
in the presence of a hydrolase and (b) separation of the
resulting mixture of optically active amine I and amide.

In a further particular variant, the process of the present

35 invention is carried out using an optically active amine I which
has been obtained in the preparation of one enantiomer of I
(based on the asymmetric carbon atom shown in I) by (a)
enantioselective acylation of the racemic amine I with an ester
whose acid component bears a fluorine, nitrogen, phosphorus,

40 oxygen or sulfur atom adjacent to the carbonyl carbon in the
presence of a hydrolase, (b) separation of the resulting mixture
of optically active amine I and amide and (c¢) isclation of the
other enantiomer of I by cleavage of the amide.

45 The methods of preparing optically active amines I from the
corresponding racemates by (a) enantioselective acylation of the
racemic amine I with an ester whose oxygen component bears a




2-am no- 3- et hyl but ane and 2-am no- 3, 3-di met hyl butane. In a particul ar
variant, the process of the present invention is carried out using ahAUS 2003
optically active amne | which has been 25 obtai ned by cl eavage of an am de
derived fromthis optically active agzne which amide is fornmed in the
preparation of one enantioner of | sed on the asymmetric carbon atom
shown in | Fiegyipe) %ﬁsﬁase%&ﬂ*\%uacw%xqeéh%f sehfuy acomi adaders ftowi t h
an ester Wwhesearkdnylcoapbaenin bder prasédamrdfne, hpdtalegen and0(phosphor us,
oxygen or sebhuatpdmofagdhacesduldnghitRiRo e opeidNy aBtihe pmserce of a
Q%d'r’lce’l ?Se and éﬁidé% fl‘t:boﬂs@]fattlia&:ﬁt F?:u rtd\}:grgrnéﬁ(éﬂ %m%fgr g?;iss 0:‘ yt ﬁgtl Ve
present SQlQV%e% |onplt§ecgr ‘IEI uf] ﬁgﬂ'%EdarJrn BS %%{q%%écf‘f“ge ¥Qnine | which
has been 0852 #in the preparation of one enantioner of I (based on the
asynmetric car bon atom shown in I) by (a) enantioselective acylation of

t he raceni echanhydrdlasiet Bsanf@s examplBpse 1HEGaded OMPGRERichear sa a fl uori ne,

ni trogen, mew@pm,lpégeoxm@res%rsyéf %rammnﬁﬂé acept . ‘;12 h'i‘ﬁ %

carbon 'fb %} egf]@mgg a%etxgrg ara on oe | Tesu ' ng

ni xt ur e opt| Iy acti ve am ne 1 and am aﬁ'& YIS é"ﬁ on of the

ot her enantioner of by cl eavage of the am de. 45 The net hods of preparing

optical ly ZBei lead’fﬁgﬁeﬁ'fl the pRidgedesbiee Spomdt by araderalpsadsyiveapmine
enant i osel gcvivie mdynat ponobftheheonf fpenitdcanbhietie WehBeAno£sibdlrantioge

oxygen conpanepd daealisdaodt AJGhea081¢is f Ifeer &Rsmp i byogﬁc@roll%%pfiﬁr us,
ﬁxxésrzglnagrg sHE f bk Rln@ 86 2G5y t10 wage&ﬁl ttagg&h&la %nahnamﬁlpgﬁ ;gt f’f/ea
a?/n ne | aﬁ Qrc(;?g%el %?pg{lﬁ ijir{;eoleg %onm%ﬁa hgdxé?ﬁ%ge é’ﬁaﬁ??%ﬁgf do %y 5

cl eavage of’ ﬁg} an are described in WD 95/08636 and WO 96/ 23894. The
hydrol ase is, for exanple, a lipase, in particular a mcrobial |ipase. The
ester is, Thesexmnilieplar QirdckBsalkylamast erelfafical @l ¢leadromiyadceti c
acid, ez29. sehdy) dmloxyagRicpaeatIbe of @dvages Died RRaAbicledeyri ¥gd fromthe
optical 'y gathyer am B8 a4 ddribehent i o8hobbss %Qniwbgyéﬁﬁ[jm otnbhe center

f chiral | d |
:’n 25' [ﬁe' ?rgaslen er ]}188& ﬁeeqi %HEn@‘i’orKQ’rdro% ¥S_'LS rﬂcemlaegr@%ﬁ:k I Pr %,é;’ﬁ ysi's

ot ot o BF CER BeREnE SRR At SPn AT it SRCSEnte o, Fha PacaRs §9F 10001

These part PEERAF1NGr sbesdesidradaspanki@egarti Tulend-y 28coperiibad in wo
25 95/08636 or WO 96/23894. In this way it is possible to obtain a

total of more than 50% of the desired enantiomer from the racemic
amine I. {(cf. also the discussion on page 1 of the present
description, 2nd paragraph).
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20 since, after the preparation of the desired enantioner of the amne I,
e.g. as described in WO 95/08636 or WO 96/ 23894, the renuaining, unde{ﬂm@g”

enantionmer of | is racem zed by-the process of the present application an
is returned to the process for prepagéng the desired enantioner of |, e.g.
as described_in WO 25 95/08636 or WO 96/23894. In this way it is possible

to obtain &*®¥PBlEF of more than 50% of the desired enantionmer fromthe
racemic amne |I. (cf. also the discussion on page 1 of the present

descri pti oBxa@ptle pbr agr aph). 30 35 40 45 8 AUG 2003 Exanpl es Exanple 1: 23
5 Preparation of racem c MJ PA by conti nuously reacting

(R-1- mgh9§§g§9ﬂﬂﬂylo%gsexa£3 % LEB%%%S%% pggol and amoni a
in the | am ne
(R VD ol RE DT S P B RPEORY [N (Rl IS A o) L1BRANGEY oo bR anansd end

content of aBMBORHY ifeityKt IRBRNARE with ammoni a and hydrogen were fed via a
preheater into a tube reactor operated at 15 bar gauge pressure. The

reactor was atliRldrom2*06re ard (Rhe1cheiddlibareme dniaw 1as) el 7
st andar 4 onBhg! CAlcente 10mEfRblyiSaSr ym%t h%f.ua Oytto%%fi éét% a&%%e%t

1/ (Il cat. *hg% v;%l?%r% Q m% cior I ﬁ (ﬁ; \kg eci p| tated
cat al yst havi n‘§05| 59}“% JV%I t Bf* w’ﬁ)‘% Bgfit of Ni O
and  45% bYTSRIYH® &Ptﬁ §66ﬁ6?’f °F§€P6F€ Ebnlr%r"?éErréﬁ‘Eg%fPIteﬁéuze
reaction, The ¥ stafiadt refused2 " C24em| they cdrredatbfg gapdEfdgerwasThe

mol ar rati ebeft (R)stBiRAdt0’ /Adenni*a) was smed lagdst decpukpaceab@iO@oy over

the catabystandsrd.13 (Rg..0kh{ R}asVidbRén &S kg of 1-nethoxyisopropanol and
0.29 kg of anmonia per liter of catalyst (bed vol urre) and per hour. The

reactor ou t ssurize a separ at. and
distillati TRty orzﬁggel%% E‘a? &jd‘uc aRRDRTEE 2 5ﬁ§ #aé]‘rysf%r g‘g)’lﬂl‘/ﬁh % by
GC area; ?‘R e‘ﬂ%?ﬁsl Bry'rﬁ 'H%Etbrl Yi BELIh haS et L HilYelebgh e 1T MioHpDRE
anal ysi s: 49 (4 veight) of/-PA2Q6 SUPRETY - RSEPRe : cqmmenrenent of5xhe; 49, 8]
Met hanoROQr@action, the catalyst was reduced at 240°C in a stream of

hydrogen. The molar ratic of (R)-MOIPA to ammonia was 1:6 and the

space velocity over the catalyst was 0.3 kg of (R)-MOIPA, 0.3 kg

of l-methoxyisopropanol and 0.29 kg of ammonia per liter of

catalyst (bed volume) and per hour. The reactor output was

25 depressurized in a separator and worked up by distillation.

GC analysis of the product (ammonia- and water-free) in % by GC
area; the enantiomer distribution was determined by chiral HEPLC

analysis:
30
{R})- + (S)-MOIPA 96.4 [(R)-MOIPA : (S5)-MOIPA = 50.2: 49.8])
Methanol 0.2
Isopropylamine 0.3
35 Octylamine 0.1
Others 3.0
Degree of racemization: 99.2%
Racemate yield: 96% (based on (R)-MOIPA used and 1-
methoxyisopropanol).
40
Example 2:

Preparation of racemic MOIPA by continuously reacting
(R)-l-methoxyisopropylamine ({R)-MOIPA), l-methoxyisopropanol and
45 ammonia in the gas phase




| sopropylamne 0.3 35 Cctylamine 0.1 Ohers 3.0 Degree of racem zation;

99. 2% Racemat e yield: 96% (based on (R)-MJ PA used and 1- 8 AUG 2003
met hoxyi sopropanol ). 40 Exanple 2: Preparation of racem c MJ PA by
continuously reacting (R)-1-nethoxyisgpropylamn ne ((R) MO PA) ,

1- met hoxyi Qpro and 45 nia.in the S 6 AUG 2003 24 In a
simlar ma%ner g ]\%(ar METEr go B T n‘?x?‘ﬁlr érpgf‘r mixture o

(R - 1- net hd@doﬁ?l’a‘b‘@ﬁf)&rﬁ%%(ﬁ&mm FAR ) aHeIBA herHok yretdinxydaaprorassd used,
but this ha@savsedal buiattéischad enttcdfal2gesdy aumitght. of 33 hyawysgist .of t he
product (ammoni a- and water-free) in %by GC area; the enanti orrer

distr l[ ?%g e %glg LETdE Red gi‘om%a(gmfﬁ'ﬁ/lé%] 2N Shter A it 4B

ano S a
5Met hoxyi sopr ogan % %@ft&fne acrlﬁsne lfuglalhers Jf i‘ﬁ)g’é’ §¥1r.ﬂ HPLC
raceni zat i 372885485 (based on (R)-MJ PA) used and Racemate yi el d:
93%.- et hoxyi sopropanol ). 25 30 35 40 45 8 AUG 1003 25 we claim 1. A
process f or(r)he+prepataarzon of racem c [gR) AesIrof: (shemofeA or sul a:49 NHR3 10
where Rhgand R2 are different and Rl, R2, R3 are al kyl,

PA

Methanol 0.1
Isopropylamine 0.5
Methoxyisopropanol 1.7
Octylamine 1.3
15 Others 2.7
Degree of racemization: 98.4%
Racemate yield: 93% {based on (R)-MOIPA) used and

l-methoxyisopropanol).
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cycl oal kyl, arylalkyl, aryl, heteroaryl and heterocyclic radicals and R3
can al so be hydrogen, where the radicals can 15 bear substituents sel@ﬁg§ﬁm
fromthe group consisting of alkyl, cycloalkyl, alkoxy, aryloxy, amno

al kyl am no and di al kyl am no, which ce®&pri ses S|nultaneously reacting in
situ the corresponding optically active amne | and the secondary al cohol
of the forpula,ll and/or the unsymetrical ketone of 20 the fornula Il OH
25 R2 Rl- YR2C121{Pi) and the anmine of the formula R3NH2 in the presence of
hydrogen and a hydrogenation catal yst or dehydrogenati on catal yst at

el evat ed t dnpemapupees8(Xdt thAeppremaatdsncbiirmeemin ahines bf wherein the
reactionsi s capiigUaott in the presence of a catal yst conprising the
catalytically active constituents copper, silver, gold, iron, cobalt,

ni ckel , rhenium ruthenium rhodium palladlun1 35 osmum iridium
platlnun1 chrom um nDIybdenun1and/cNHRtungsten 3. A process as clainmed in
claim1l1, wherein the reactionis cafried out in gze presence of a catal yst
conprising the 40 catalytically et constltueﬁ "copper, silver, iron,
cobal t, mi ckel, ruthenium rhodium palladlun1 osm um iridium and/or
platinumand a support material selected from the group consisting of

al um num oxi de EkéCﬁHﬂéﬁngg dg%f *éégua%glgl 2de carbo K d/ or

oxygen- cont ai ni'Rg: Go nd co 20 rocess as
claimed in any 3?1 gPﬁs’ pryde YJWn@Fé"h Qﬁteeﬁoé‘iﬁ %?f?}‘setféfPFY%HP%ut inthe
presence of a EafaFyLs andoBd camwedispt bedtydrogen; veharemsbsi radiraier ora
reducti d® wi t hbehydswhshiitgenpsi s eflr 6nomR 0-heog868p Iyonssisghing off al unm num
oxi de (Al1203), azkytpniytiDoadk9X| dal Ko&y) 2y Lody8NambheE) @dk@&a{ni’h@%nd car bon
and/ or oxygenaqamkﬁmm% caﬁ?&vmp@flségIgﬁmtaﬁé&&é&ﬁt&qcﬁ gf sithrom1
to 70% by weighe g%ﬁyggyﬂgdﬁﬁﬁtéﬂéyé%31§°£$¥EU% $mPhe FURRELREC é’ ylatgd as

CuQ 10 fromO Qxygen- contal ni n
a&cohol o) ormula IIy nd/or e uns§hmegpgca9dketone of
20 the formula III

OH O
R1)\R2 H1)J\Rz

25 ) ()

and the amine of the formula R3NH; in the presence of hydrogen
and a hydrogenation catalyst or dehydrogenation catalyst at
elevated temperature.

30 .

2. A process as claimed in ¢laim 1, wherein the reaction is
carried out in the presence of a catalyst comprising the
catalytically active constituents copper, silver, gold, iren,
cobalt, nickel, rhenium, ruthenium, rhodium, palladium,

35 osmium, iridium, platinum, chromium, molybdenum and/or
tungsten.

3. A process as claimed in claim 1, wherein the reaction is

carried out in the presence of a catalyst comprising the

40 catalytically active constituents copper, silver, iron,
cobalt, nickel, ruthenium, rhodium, palladium, osmium,
iridium and/or platinum and a support material selected from
the group consisting of aluminum oxide, zlrconium dioxide,
titanium dioxide, carbon and/or oxygen-containing compounds

45 of silicoen.




ni ckel, calculated as NNO and fromO to 50% by wei ght of oxygen-cont ai ni ng
conpounds of cobalt, calculated as CoO oxygen-containi ng conpounds HOAUB 700
chrom um cal cul ated as Cr203r oxygen-containi ng conpounds of 15 zinc,

cal cul ated as ZnQ, oxygen-contai ni ng %rrpounds of nol ybdenum cal cul at ed

as Mb03r oxygen- containi ng conpoynds apese, calcul ated as. M02,
oxygen- con?al nlr}xngﬁ’rog dum Clg:?“ﬁa e%rfyuﬁ’] ng‘ﬂﬁaﬁé_f s YRfZein the

oxygen- cont ai nlrr?g"c(%ﬁﬁoéﬁufsarréﬁdca‘l”élJtﬂnthé’apéﬁ?%ﬂc@d OésaCﬁGa]aﬁ‘-FG/ whose
oxygen- cont ai nigegalgteoaburedsivé dempasitical befertecdedscBafd withA process
as cl ai ned any myrehahnsomprtize4, Wherein the reaction is carried out in

the presence off @dmCabatySds IMpYSGei G Q:nyta'lﬁﬁkb}’m %h}ée(ﬁ’z ‘?S'% %nqﬁnore

reduction with h SEs h um num
oxi de (A1203), From gOP‘ngd}dO%ggH dloxfg 'ISLeOﬁ (:o%‘%/r il g/ ounds of
copper, cal cul &*¥geRsceY I ining F?‘BPR‘H‘C‘(SOQESS/& Wei ﬁﬂilc'blfa‘iﬁalgén Edmt ai ni ng
conpounds of Foomi éked, 70% hyuiaighlt f Kix@Ientearg atithéng gpmpounde sef
conmponents is aitopbeastcﬁl%lta)temagkﬂuo 6. A process as clained in claiml,

wher ei n fde reef%tnoo £6 700 QEignt df okhBeRIESRNAGRIRG cbnphaky Sés Whi ch,
based on the 3% g[eitl cgﬁ +8f & By iRt al,yst, conpri ses from> 6 to 50% by
wei ght of coba m xture ther eof, from0.001 to 5% by wei ght

of ruthenium {:(% ﬁo%%bb'ywﬁk?%t onXS%‘b-‘?“t&ﬁal?? SRTBL89g 8y wei ght
of promoters oﬁogab br otALGHERARd 3%iTRO /s GPPOeR-COUFaEning HAPEYRAasOL| ai ned
inclaimil, \Ahe‘rhépmwr\e qadgetipbedias (rafsi edkygen-contdiaipgesenmpainds af

cat al ystisahi chzibasedabrulldted kotalo Wekghenodfordtdad nény adomdounaenfi ses from

0.1 to 6% by %'l@ﬁ&eﬁ&mc%élkhlafé&ka%l M86 adﬂy?@EHﬁéoﬁmrnﬁ% c&ﬁmn%sOOl to
45 25% by wei ghte g éf% %AJ&J‘“ gghcuiﬂgcpatso 3: S@O%&g\&@h%nt%mgﬂg%mf% A4e 2003

27 df 0t t
Support. B A froBRsRelin Sredlattday Ha0c mehIconraih preraTio e 5

reaction is caPfi 8letNmarcalrahiuesd %CE?OG“@’OIAOISYWESCé’DéélEP&Q nmed in any
of clair® 1 toc®mpehedeiaf bagiuneamtlicydated oz Ba@d out at a pressure of
fromO0.1 to 30 MPa. 10 10. A process as clainmed in any of clains 1 to 9,

wherein thg, a process as claimed any of claims 1 to 4, wherein the

reaction is carried out in the presence of a catalyst whose
catalytically active composition before reduction with

25 hydrogen comprises
from 35 to 75% by weight of aluminum oxide (Al,03),
from 20 to 60% by weight of oxygen-containing compounds of
copper, calculated as CuQ, and
from 5 to 45% by weight of oxygen-containing compounds of

30 nickel, calculated as NiO,
where the sum of these components is at least 80% by weight.

6. A process as claimed in claim 1, wherein the reaction is
carried out in the presence of a catalyst which, based on the
35 total weight of the catalyst, comprises from > 6 to 50% by
weight of cobalt, nickel or a mixture thereof, from 0.001 to
25% by weight of ruthenium, from 0 to 10% by weight of copper
and from 0 to 5% by weight of promoters on a porous metal
oxide support.
40
7. A process as claimed in claim 1, wherein the reaction is
carried out in the presence of a catalyst which, based on the
total weight of the catalyst, comprises from 0.1 to 6% by
weight of cobalt, nickel or a mixture thereof, from 0.001 to
45 25% by weight of ruthenium, from 0 to 10% by weight of copper




optically active am ne used is 1-nethoxy-2-am nopropane,
2-am no- 3- et hyl - but ane or 2-ami no-3, 3-di net hyl butane. 11. A process @gy6 2003
' I

claimed in any of clainms 1 to 10, wherein the 15 optically active am ne
has been obtai ned by cl eavage of an api,de derived fromthis optically
active am ne, wi c? arn'&iett ii %orrred I.n _the %Fée aration of one enantioner
of | by (a) ef&St roeB e8NS v BEyYEIIth Obf PRSI Se AP c2 RFTRNS MRERh an
ester whose aciPFiEBnpoPRAt bears a fluorine, nitrogen, 20 phosphor us,
oxygen or sul fur atom adjacent to the carbonyl carbon in the presence of a
hydrol ase @&nd @bpreepss aid @ladhedtiie angsulft éNgin® ANt Wbe7 OfwiRRtligathy am ne |

and am de 12. B pEO6RSS durchidh ek 142 20Y¥mOf{s¢F R Esoa]c_to 11, wherein the
25 optically active am ne | has been obtal ned5|n the preparation of one

enanti omer of | by (a%ﬁ enanti gsel ective acylation of the racem c am ne |

with an ester #hBEE%%F P Stpomedtih@aysof 2c¥qimsr ilnko B t¥hsgean phosphor us,
oxygen or sul f yeagtoem adj Feanted couth@tcar bogsdursapiiofirem &.He tpr 38ae=. of a
30 hydrol ase, (b) separation of the resulting m xture of optically active

am ne | @ndoanmadpra8ésd Gs ic3ahiatd oih Qhyt Be Ofhels enavtd ONBlerehin! tHY
cl eavage of th%p@ﬁkgfﬁyigétﬁge4§mine used is l-methoxy-2-aminopropane,
2-amino-3-methyl-butane or 2-amino-3,3-dimethylbutane.

11. A process as claimed in any of claims 1 to 10, wherein the

15 optically active amine I has been obtained by cleavage of an
amide derived from this optically active amine, which amide
is formed in the preparation of one enantiomer of I by (a)
enantioselective acylation of the racemic amine I with an
ester whose acid component bears a fluorine, nitrogen,

20 phosphorus, oxygen or sulfur atom adjacent to the carbonyl
carbon in the presence of a hydrolase and (b) separation of
the resulting mixture of optically amine I and amide.

12. A process as claimed in any of claims 1 to 11, wherein the

25 optically active amine I has been obtained in the preparation
of one enantiomer of I by (a) enantioselective acylation of
the racemic amine I with an ester whose acid component bears
a fluorine, nitrogen, phosphorus, oxygen or sulfur atom
adjacent to the carbonyl carbon in the presence of a

30 hydrolase, (b) separation of the resulting mixture of
optically active amine I and amide and (¢) iscolation of the
other enantiomer of I by cleavage of the amide.
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