PF 61393 1 REBAS® for produci ng N, N-substituted 3-am nopropan-1-ols
Description 5 The present invention relates to a process for
preparing N, N-substituted 3-am nopropan-4-ols. The preparation of

N, N- substi t ut ed ,3- am nopr o -1-0ls is disclosed, for exanple, in
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preparation of sych products can coniribute to preservation o

h
petrochem ca res%ﬂ? ces which are typically used. A further intention
was to provide a process for preparing N, N-substituted 3- 30
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30 aminopropan-1-ols, in which N,N-substituted 3-aminopropan-1-ols are formed in high
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high level of process economy.

The reaction of acrolein with secondary amines has already been described in

35 DE-A-4232424 and by Finch et al. (H. D. Finch, E. A. Peterson and S. A. Ballard, J.
Am. Chem. Soc., 74, 2016 (1952)).
In DE-A-4232424, from 2-alkenals and secondary amines, the corresponding
N,N,N’,N'-substituted unsaturated amines are obtained, which can be hydrogenated in
a further reaction to the saturated amines. There is no indication that reaction of

40  acrolein with secondary amines and subsequent hydrogenation can provide N,N-
substituted 3-aminopropan-1-ols with high selectivity.

Finch et al. (H. D. Finch, E. A. Peterson and S. A. Ballard, J. Am. Chem. Soc., 74, 2016
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(1952)) desBFi®3893 he reaction of acrolein or methacrolein with

primary or secondary ami nes. The N, N -substituted 1, 3-propenedi am nes
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Typically, acrolein is prepared by oxidizing propene. An overview of acrolein
preparation by propene oxidation can be found, for example, in the Ullmann (Ullmann's
Encyclopedia of Industrial Chemistry, Acrolein and Methacrolein, Chapter 3.1 "Acrolein
by Propene Oxidation", Wiley-VCH-Verlag, Electronic Edition, 2007).
40 In a preferred embodiment, however, acrolein which has been obtained by dehydrating
glycerol is used. The preparation of acrolein by dehydrating glycerol is disclosed, for

example, in WO-A2-2006087083, EP-B1-598228, WO-A1-2007090990, US 5,079,266,
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A further feedstock used in the process according to the invention is secondary amine.
30  The secondary amines used may be aliphatic, cycloaliphatic or cyclic secondary

amines.

The cyclic secondary amine used may, for example, be pyrrolidine, imidazole,

piperidine, morpholine or piperazine.

35  Preference is given to using secondary amines of the formula (I)

NH (1)

N
/
R

where the R and R? radicals are each defined as follows:



di met hyl but §F 81398- di met hyl butyl, 2, 2-di net hyl but yl ,

2, 3-di net hyl butyl, 3, 3-dinethylbutyl, 1-ethylbutyl, 2-ethyl butyl,
1,1, 2-trinmethyl propyl, 1-ethyl-I- nethylpiopyl or 1-ethyl-3-

met hyl propyl; Cl-Cu-alkyl: e.g. G -C6-al as specified above, and
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C3- C6- cycl %E{ﬁ? pyi:€- 9. cycl opropenyl, cycl obutenyl, cycl opentenyl,

or cycl ohexgn r I to trig i ¢ aronmtic. carbocycl e havmg
or Yo Onexem R 5 (00051 0 oSSl 1 2 SIELL . S21 DR KeL S D,
30het er tar ymetwlhgxylﬁﬂ@nwthy!pmtyll 2,3piimathyipghtyl, Erﬁ-rdiawthymentyt 1B.%zol yI
and oxazol ydimeeHylgeRtyG b2 ahiétWhrmémylb@WﬁﬁﬁthZQﬁ@ﬁ w%lhrﬂmeth ylheptyl, 4-
1- phenyl et p ro or
3- phenyl prE}ﬁigy%ef}@'s%&H{%’I‘lyiheéyllzg%rmﬂgg{hgﬁg% Bﬁé%ﬂﬁ yijnéb:ae
substitute frylhexys g 2rdimathy-Saethyineai z?o'lnéthﬂ 3.jrdimethylaentyld e, 3v4nge.
Rl and R2 adnmeﬂ'ryﬂfeatﬁbhq'2J2d£3rtetmidﬁyylmltyleaobnyf ntiegsd) dewrideyyl@r 1-dodecyl;
straig c I iq r
car bonlﬁa({ oh@'q Ozﬂo‘ﬂkw géégg on [a ié’;{:eﬁ'}f?@g aﬁg\l&%gd %r%\g n%d&%@ 1- %Eg(g?égS 5
Pref er encenfg 5% t@h eyt dr 'Preé’ttﬁ%c&’ G%IW RFvher eicosyl;
di - n- propyl (e‘\mtfm@p-cmmjl@fbremwyalnbmyl Gﬂqhtmrhydyebpqmtgjmmmxyl or cyclooctyl;
di -n-butyl fm e C1Adychalkyl: Yﬂs&ﬁl(n&:yﬁlbalﬂylcaécdtp@lﬂiﬁéd’é@dﬂenﬁncﬁ&sét@?&ﬁ&iﬂe& I
amnes in ven to using
di met hyl am nze géﬁgﬁﬁt%glethe@? F%D%lﬁgpbu@@ %ﬁ%#% X% le nmet hyl am ne,
in t he 4eactrbraliybed. ﬁgqs@ ke EisrﬁP@ﬁlfP@ oven anralsa hepignyloogsenyl,
acrol ei n t onseopotaleygergii ne is 1:1 or nore. In general, the nolar
ratio of sesanfaydodMEe ol pssphsiy ciobB ki yaeggatémreg%ﬁoﬂdegya
200: 1, prefer
especial ly %@F’E’?{‘@&STW&C irqr@tlgﬁarfoawﬁ@gqg %F Qtetnghmempers, fqs example
phenyl, naphthyl or anthracenyl;
30  heteroaryl: e.g. thienyl, furyl, pyrazolyl, imidazolyl, thiazolyl and oxazolyl; or
Cr-Cr2-aralkyl, for example phenyimethyl, 1-phenylethyl, 2-phenylethyl, 1-phenylpropyl,
2-phenylpropyl or 3-phenylpropyl.

The R* and R? radicals may optionally be substituted, the substituents being variable
35  within a wide range.

R* and R? are preferably identically or each independently a straight-chain or branched
hydrocarbon radical having 1 or 3 to 20 carbon atoms, the hydrocarbon radical being
saturated.

40
When secondary amines of the formula (1) whose substituents R' and/or R2 comprise
unsaturated bonds are used, hydrogenation of these substituents may also occur.



The reacti onF 813%rol ein with secondary ami ne can be effected wi thout
catalyst or in the presence of a catalyst. 15Useful catalysts

I ncl ude, for exanple, solid Brnsted or W s acids, as described, for
exanpl e, in EP-Al-449089 (page 2 colum lines 11-20) and in the
articl e by Rgfaierceds given iq wsingdimeiteylargngdiietbylamirdu dimpopgeimvémg e and
Ca: a: ysi jsa dﬁ@bproﬁ;l!amik%%opr@pylétﬁy}‘a}nin&@ﬁlﬂuﬁﬁadﬁiﬁ%&%ﬂsf&h}!&gin@%g' c

met al oxi deg; : | i tani um di oxi de,
zirconi um ddl%(%lg g%@‘"?lsﬁl%cg%méﬁd{e&rﬂ ﬁ%’rpggﬁsé' or organic ion
exchangers é@""i"ﬁﬂéﬁeﬁﬂfﬁm‘?‘am rsingrdimgthwlaging on dethypming, eppesially
zeol i t e orprefgrdhiynditrethytoniot yinthesreattist yr ene and di vi nyl benzene (e. g.
of the Lewatit(r) brand from Lanxess, Anberlite(r) brand from Rohm &
Haas) or iop exchapngers based,on sil oxan for exanple of the

Del oxan(r) gcgﬁcﬁnq g t%@ﬁi@afhe @gla%@t'Blcg?%o%é{htotf’@C AR @gingiis -1 or
secondary anPigeln generd, the awiargatiodl sgcendane amjnefto acmiamisl ie theraagd os
tsu;:h ﬁs rre]'E’rmh tbeooréjbpl’keidra;g%hf&1 toetd(M,rﬁcﬁéfa&i’%iﬁ&@%%@:’o:?respecially
etrahygy o , o , ol , ethanol or

I sopr opﬂnol#gﬁgaﬁ%gért%(%% sughg%ipﬁg?gﬁﬁ oe%?'ane or raffinate cuts;
aromati cs such as toluene; am des such as di net hyl f ormam de or

di net hyl aceTranmedetjonmf akaddiawith secindasy dwindGamet kfetyd Wthowt@agilyst or in the

N- et hyl pyr r&gggﬁg%falg-awshyl caprol actam or N-et hyl caprol actam Usef ul
sol vents al'so include suitable m xtures of the solvents |isted above.

A preferred solvent is THF. The sol vent can be used in a proportion
of 5 t olD5okefuletalists inplide. dorexaynpie solid BeMstedr bepiseloitsabt gekibed, for
?g% t b?sled éxaneis; ih ERSE!-MD0Bb §pddal Abolah Qgﬁqegmizb?aﬁ@ﬁ%% QAicl E%SI‘F%Er%’be
e tota i e - e_hei 0 sum
of “the s agtdr: PanebBrshARSs Slale Solbetfl ORI V2 1y Tob. 1, .
process. Pr Rigrchere incidpasidiomstal pyderalglysiesychastalaningm axidep titsiniim
With secondﬁoﬁdarzir?iumtdiuxide sl shlidh Hioaldeohoﬁ;%hmtorgg}a‘?@d ioh @kthdngers
react echoM tBISLERNIAMGNRIM PRs afe é[?érgféf@lt ﬁ{c‘ﬁ eolifed %%né%ggbpolymers
preferably 40, (-20 /0C,~ nor refers _ ) Fo 24 ,_an i
pressures o‘:ﬂE Saﬁ'% %Q#@UBQB%WZP"B?%B&%B? e\ﬁé_/t PRSP LANXE§s, Amberlite®
pref er abl y rangfrom@Raken & Hags) opipe xchabbgrsdased an dilgees for example of the

(at nospher i BelpgREShagd fromDédigsgase of gaseous secondary amines, such
as PF 61393 6 dinethylamne, the reaction is perfornmed preferably at
pressures of 5 to 400 bar, nore preferably 10 to 300 bar, especially
15 to 280 Hgrolein canhedeaciad with seeandapt amieein thetressose atiasgiventi fee can
be carri ed eampis intetherb atchhad methgr tefdund etheq wsiyy terifingylRiice i se

reaction ofeRayekr&AnWrHE): %%ﬁ&g%ﬁé‘%agm’éﬁwaﬁe, e&%n@];cfrgs%i) an{::lor

exarrpl e, :cg?y%f'Stl rre ut o&leave a e_Ccol umm ITculation

react or, Qrefhans g” e Pexapgpheriang ¢ raffingle cuts, aramatics fhekas lianeon
of acr ol ei renidessydhasdimeihydormanide gpdimethylacstaoidel ar lackamssich as N-
30  methylpyrrolidone, N-ethylpyrrolidone, N-methylcaprolactam or N-ethylcaprolactam.
Useful solvents also include suitable mixtures of the solvents listed above. A preferred
solvent is THF. The solvent can be used in a proportion of 5 to 95% by weight,
preferably 20 to 70%, more preferably 30 to 60%, based in each case on the total
weight of the reaction mixture, the total weight of the reaction mixture being composed
35 of the sum of the masses of the starting materials and solvents used in the process.
Preference is given to performing the reaction of acrolein with secondary amine without
an addition of solvent.

Acrolein is reacted with secondary amine at temperatures of (-50) to 100°C, preferably
40  (-20) to 70°C, more preferably (-10) to 40°C, and pressures of 0.01 to 300 bar,

preferably 0.1 to 200 bar, more preferably 1 to 200 bar, most preferably standard

pressure (atmospheric pressure). In the case of gaseous secondary amines, such as
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or a suspenBF §#3%F secondary amine and catal yst and optionally
solvent is initially charged in the reactor. In order to ensure a
hi gh conversion and high selectivity, t suspensi on of secondary

am ne and catalyst is typically m xed thoroughly with acrolein, for
exanpl e by diegHylasting thefasciien isperpered preferatduatauresapees df$ OHE0 bar, more
suspended careteratsy 10r&t 800 tdr, €peciaily 1Hto Zotuged and renoved again with
the aid of customary techni ques (sedi nentation, centrifugation, cake
filtration, crossflow'filtrat'on . The catal yst can be used once_ or
more than oh¥e eGP ERIOIGIR Wb SBrPNGRTYRTIGR SRR bRiceNied subpither palshwise ars
ef f ect edb i ncantivBugusysence of a catal yst, the catal yst concentration is
advant ageously 0.1 to 50% by weight, preferably 20 0.5 to 40% by

i ght, .abl t 0. 30%.by .wei ght i al | to 20% b
vl ont | bastlf pcEuER eler § R Rettiend SRER Bh ot allepeapemampe
consi sti ng iBfa Sigedadtaciavam biebhimeprlenn gr g sirculatinn reectar, fertrstyrce a jet loop
particle simecios advantageously in the range fromO0.0Wto 1 nmm

f i A . , 0 Lall 0 0..25
25 the Fdg PAchARDFeadig Pt beoln SRS LPlcaly SecPhol gnine

e reactl ern w SecC Yy

per f or med cOTh SURRBUNPT Of 387RRGERY Pinerpsh AR g eBuenaly sevetasiipky
vessel cas Md irthef reaetoc dn DEdegiovensuteda pighsiongersion ahe ihighasetbctivity, the
secondary aglispendibt SUGRoRddry Bl ard@RedIt is tyRicily fied %nﬁ@h w\!d'i%ac%r Egin,

arranged in formof a fixed bed. 30 In neral, acrol €l

secongar aff?\F ﬁ’ga“ﬁ%g'Wé‘BsPF%f%B' Relrede 8Pé‘gﬁ’§‘%ﬁ§- i ntroduced into the
pressur'® vebhaesuspendgd satalyst materiad sanbe infredyead ammremeved agait mith itee aid of
effected, farstenaymotniqoes (edinidnation] MHfagation, ckkeTliraibAl dréssower S.

I'n the presgg tlfénx.e\?l%eclra%a\%s@{:ﬁg Bé?nb§ed)6ndé}8§'nﬂ9e%a%r@1%.s mey al so be

i nt roduced, [ mxing of acrol'ein and secondary am ne.
M xi ng can WBE} Pg&l%ﬁgéc'iﬁ’@'@y'ﬂéﬁg%ﬁéa FinerisAitecied i the ppsenge of a
stirrers orcaiglygutpedtabist coricatirationd$ advantageacsly O toisRtubyeweight, pleferably
conti nuRUS (.63640BbyHeidt! RbRI fretdiddly %Pm%we?qﬁt,fb% e&éfﬁf BIPRRE bl S
given to es i shing a catalyst, hourly.spacg ve OCIF of 0,01 fo 10
kg, prefer a‘%%@htog%ﬁedgg ea;gl](%asgrfw tﬂg?ogald?eégﬁﬁpgﬁ"efuepanq% conpisting of

acrol ei n peyecrpdasy apunesdyseatalyl hour. PF 61393 7 The reaction
_m'nx'gtrj(rjgr O{Dt“ﬁieﬂmdaﬁl G?tawélgﬁlg@e ﬁ%?vp@l’ab@s@ﬂnh@ 2 ge HE/M O.OOEIS?‘Emnﬂ)e,

i : - ,
for ex I Ce]pr%y glssitnitﬁ% gatr{go‘r?]ro@l} b\'lPec{dl\l?'lsca ’i%éréeg'éﬁgg\éa/g? ?.ﬁgﬁﬁﬂ eaction
m xt ur btained in stage a) is preferably, before use in stage b),
used wi t houtheargdetianafaicroein with se¢andaryaamine iskprpferabily perfarmed kpntiruoesly,
DNl & 1 e e e e "0 hydranen s
Gsed i n t ne BresREIE B n Rp s NRoran ARt SreiaTY SRy B R seskior
gener al | y iR whittHhe ealelypt is @rrangest imtherfsmioj afisgdéhedan al so be used in
the for3o ofingehydl, agrieis an® thesseBEndtRp aminetare inixstiRbICULRIP Dewdiré Beipgher

il_ﬂgr L g‘?z eZint_réélﬁ:Ed Tito el 529G e vERE] HWitERR prélsd QheCFAL %%(lr(ajg' 8%l ge-
y g (Q‘fected, for example, before the introduction using static mixers.

In the pressure vessel, internals or mixing elements may also be introduced, which
improve the mixing of acrolein and secondary amine. Mixing can optionally also be

35 effected by means of installed stirrers or by pumped circulation of the reaction mixture.
In the continuous reaction of acrolein with secondary amine, preference is given to
establishing a catalyst hourly space velocity of 0.01 to 10 kg, preferably 0.05 to 7 kg
and more preferably 0.1 to 5 kg of acrolein per kg of catalyst and hour.

40  The reaction mixture obtained in stage a) typically comprises N,N,N’,N’-substituted 1,3-
propenediamine.



15 conpri si R &J88%s used may, for exanple, be reformer offgases,
refinery gases, etc., when and provided that these gases do not
conpri se any catal yst poisons for the hygrogenatlop catal ysts used,
for exanple_CO However, preference is given to using pure hydrogen_
or essenti al§rgagHen Mixie gbiginad in stagped 6ar be wodkedadieiire usg it stgeab), in
havi ng a cootdento aincemtrate tHea NOFOR Ryibsmite B, PbropesEtsfiRe, fBF SiRFHE by

nore than 93 ; | of hydrogen, nore preferably nore than
99. 99% by é’?grﬁ'g@%’%ﬁﬁrﬁgg% especially nore than 99.999% by wei ght

of hydrogen. Anmonia is also used in the process according to the
i nventi on. Mheewmbeireadtioe thixtate didaioehinastddeca)as preferaiipeetoralusy in stage b),

avai | abl e apg@ithout SddifhaPy@MRbSorPeF R, havi ng a content of nore
t han 98% by wei ght of ammoni a, preferablflp nore than 99% by wei ght of

anmoni a, preferably nore than 99.5% by wei ght, especially nore than
99. 9% by welngHegel). Kipfeastign mixture qhtainad insstagene) is resictacheitrelyriorgen arsed

in stage b)ammonlzeindigy presénteus athydfbgehatim datalyss, 30preferably 1:1 to
1000: 1, qpreferably 2:1 to 100:1, nore preferably 4:1 to 50:1. The

reaction cap| | so pe grfor med in the presence of water. The anount

of water is ﬁ‘%@@%’? ﬁlﬂsg driheprengss acepreing to thednveptien- ratio of water to
acrol ei n whihhydisgersie dsehgseneaglly i Yedhsically pure foranThe hydroyéh O disb Be
2:1, prefergétdinitie fohf ofé'ﬂg@roééﬁ%&ﬂ})ﬁsi%g iaé e Jin8d jx{‘ﬂmérs‘vitﬂfoﬂ{e‘?h?e*?i y
0.3:1to 1.7.1 espec | | prqferab . :itqqpé]. 1. The water and
the reacti O%asr%sx? ucﬁg'eaS atfoac-?éﬂerae 'i“ﬂ"é‘?‘%%é”'r%fj” L iRy The Jueogent o
stage bi3 fepmeisingnaseassed perfoxexemuadieaaiorner ofgasen refiepagastes| stc,
In the casewhén aspprogided miﬂ'lﬁeisé@as&@&@ﬁot&i@%pﬁb@aﬁﬁ?&éﬂy&?d@loﬁ&‘?cEV\rn_E{P% .
bt ai ned i | neous .
e 1t er v ogenatin Gy 8 E6Er SLnTE0R, Budid bbRFRET: Syaio ofl
40 of water pxilrg(?'ggrpggp %@%@“é%ﬁﬂ“ﬂe Bydreganypdhe precess: fosexample hyfrogeage
a) and is ahavingly contestafimare treind§8s by weighhefthytifgen) mreferaly @bre/dbAng.0%
d | BBl t 1 ; en
Lo ot add ?““égﬁ?%ﬁ‘@ﬁﬁgﬂ”e? ?%%@%@gﬁi?%?@ﬁaﬁ%@&%? dpdetss
8 The proces%egl ﬁ%ﬂ?h@'a[‘g £HE 7 X UAEH hYLOg8R-f or med i n t he presence
of a hydrogenation catal yst. The hydrogenation catal ysts used in the
process accAmedion it @lsbheed vigeipraiess aBRrdiAg tdthefrehfionTor e metal s of

8 ] riodi.c, Tabl e af the
2 oont.s, ( P amimoRREsBl misy K rbphall dmifielcBll) BRI yBorte, for
http:/ /%?va. PXATIRE BNGIoNBIBVIng Herntentiof moshinan 98y weighigefiamnenia.e- 22Ju
nO7b. pdf) . pietengilemon then @R%nist weightof@ntuonigarefdiabgntberthdres.andbyal so
nobl e met a'ﬁeigﬁl?@s@e%idﬁ?mdré thaRbo.d9% by%gh@@ﬁrﬁ?o?ép The hydrogenation

catal yst can be used in the process in neta orm for exanple in
the formof_netal meshes or grids, or in the formof Raney sponge or
skel et al cath@ feles ratiopf theprrameninaged irbstagerenio the aeroleint utled imstage s i n
t he pr o&®s sprafetatiyit rgo 1000:heprefevsii 2ano i100H hRofsratepibyRaA QY 560Nge or
skel etal catalysts. Particular preference is
The reaction can also be performed in the presence of water.
The amount of water is preferably selected such that the molar ratio of water to acrolein
which was used in stage a) is in the range from 0.01:1 to 2:1, preferably in the range
35 from 0.1:1 to 1.8:1, more preferably 0.3:1 to 1.7:1, especially preferably 0.4: 1 to 1.6:1.
The water and the reaction mixture obtained in stage a) can be added together to stage
b), for example as a premixed reactant stream, or separately. In the case of separate
addition, water and the reaction mixture obtained in stage a) can be added to stage b)
simultaneously, with a time interval or successively. It is also possible that the addition
40  of water is performed as early as before the performance of stage a) and is already
present in stage a), since the presence of water does not significantly affect stage a).
However, preference is given to not adding the water until before the start of stage b).



15given to Bgisﬂagﬁaney ni ckel and/or cobalt catal ysts. Raney ni ckel
or cobalt catalysts are prepared typically by treating an

al um num ni ckel or an alum num cobalt al foy with concentrated sodi um
hydr oxi de sol uti on, which | eaches out the alum numand fornms a
metallic nickel or cobalt sponge. The preparation of Raney catal ysts
i s describethe pxmnem«mmptdmg torihé imeedindd perforaled 20 RERGRBOPHS

Cat al ysi s ( ép@h@,q bﬁgﬁ,stl n G Ertl, H Knzi nger, J. Weitkanp
eds eneous sis, Vol. 1, WIey-VCH,
Vel b m %ﬁ!ﬁ Baeggorn pgieigapd 1 Caf% {RaRst acardiad lo e dvaotin aasmirise

for ex an'5pl eoNey@r rmrﬁéwtabs of growpy §tamdfqr @ranGfaad 6 andfor a$ ofSiherResiodetTaible of
(I:?:t al yst E }‘m@rﬁldméﬁ@%rmﬁ'ﬁﬁb}é in the IUPA@V&S%Q;T@B "29@ gpbodi ment,,

ne coba |
 nvent i on. Wmﬁ?ﬁa%ﬁ%’?e EnSfelifl KPIOSES pSphR trrld E Rind b da
all netal a'?@FBP Photieh matals genayi @ Niangiop Be, anskalso netile metalssunbeat Rin

t he processiriiRu,mitfled,land Reorm is preferably 50 nol % and nore, nore
preferady 75 nol % even nore preferably 90 nol % and nore, especially

f bl % tion of the hydrogenation
Catal yat . ] HVACSSRBoT R AELERN LS YoB A DR Proreoh uwaiala T A sHampte in
at om ¢ absothgtferonofgpeist meshesoy g(idns) n the dorimcofdReney Bpm@pcaf@(eletmbatﬁlysts.
(AES), X-ray d prefreacaitedineial iis hﬁatéiBE@uééH ul. @P sk 'ae 8
Coupl ed Pl %ﬁg%ritgﬂ’iﬁ fh@'foﬂﬁ%fsﬁén% E@ﬁ 9 O eﬁﬁ"?%/!@ g‘rgé,g.g

catal ys n the roces
be prepa eddsn Wéﬁﬁ@lW%@%&i?%rmali‘;@ﬁlygﬁecursors The catal yst

precur sor cilamayreel arcobalt catalysatae padpavdl topicaIy Iy ticaang an éiLﬁﬂnlﬂ’ﬁfrﬁ:kel
catal yti cal érhr?él&rh?ﬁﬁrrﬁ%ﬁ%ﬁtw Wit BRtAE8 AbdidmhyBRKeSoIBh g - 40
The catal ytic y?ﬁlﬁ&‘){ zfﬁ'ants areﬁﬁd’g 8’

netal s of gl%%k? LB?'”@'“ (A RRE e Ckﬂ"b‘?"bﬁﬁépwﬁ e c Table
of the El enBPraiigreef Ratiey catahists is desdribetl pAckamnis,iin thedfiaribodR 02007) .
Erarrpl % OfHétBﬂl@eﬁ@CBL%' CatalySs @UI;IS %lnﬂ\ﬂ.’ht and/ B, HeknoAMge 1ﬁ9\§a t&aﬁBQeds
al so nobl e

present as }g%]i %k @gﬁ%‘tg%ﬁgﬁgousf%artalggg Qe r@fegr\?%%ﬁ@f@@ Bim: ﬁ%&’fﬂﬁw RS
such as Co®? %6 B&uch catrlysisarg ava:lable for exampledasBangy® cataly<ts frodo,

Ni and/or Féracenat aslSonpe Metal@eatystsioh Jasndsh,MattheyRu, Pt 5and Pd.

Ver art I
o %’I (F:)g?al Cltg ;ﬁ:ﬁrgﬁég?? %Frﬁ%ﬁ@%g?ﬁ%ﬂe? cB @t %alg% Sf’eﬂgéreg in rﬁn;% r!)é;t?s%teﬁgordmg
at i

hydr og et t conpri ses oxygen conpounds of cobalt as the
cat al yt i cal The melar pigpediap oheotalt atems basadpinethe sumtod aft aremal atorﬁoi@ thad/ or

i peg Lurasl(‘)?r rhy@fo@nﬁllc)fﬁ&htélystd@e@fwlﬁﬁbﬁéé useRMA Hﬁ@&gbéﬁglg ﬁqerta;r Qfgfo gl yst ) oas
e tieel OO R SRS b R v
cat al yst 0 mol% and more espemally preferably 99 mol° and more.

30 The composition of the hydrogenation catalyst which is used in metallic form can be
measured by means of atomic absorption spectrometry (AAS), atomic emission
spectrometry (AES), X-ray fluorescence analysis (RFA) or ICP-OES (Inductively
Coupled Plasma Optical Emission Spectrometry).

35 The hydrogenation catalysts usable in the process according to the invention can also
be prepared by reducing so-called catalyst precursors,

The catalyst precursor comprises an active material which comprises one or more
catalytically active components and optionally a carrier material.

40  The catalytically active components are oxygen compounds of the metals of groups 8
and/or 9 and/or 10 and/or 11 of the Periodic Table of the Elements (Periodic Table in
the IUPAC version of 06.22.2007). Examples of such metals are Cu, Co, Ni and/or Fe,



precursor oPFAd%hydrogenati on catal yst may conprise further
catalytically active conponents as well as oxygen conpounds of
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net al atons present in the catalytically active conponents used is,
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14 of the Peril erren
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Ce02 or Pr e abpmnflan%pxygﬁﬁmtai@pmgn@@ht a0t inEmded kkiaiply thet these
car bonat es oﬁ?ﬁerﬁ&&ﬁﬁo&@lsﬂh&i&%s%@% @Qﬁﬁ adlivkaf He‘B%térﬁl’dahy active

et al oxi dagiy chigeﬁér%uy Bhif Rl d CaER Qctﬁﬁ’%%ﬁggﬂgﬁﬂ%ﬁ%@ﬁ%nﬂd

in oxi
boron O("EE?%@P Offﬁ St process accordl ng to the invention, the
cat al yst precursors are preferably used in the form of catalyst

precursor s whheBorfi®A ef His iAMdntioR the %a%%ﬂ‘ tedchive ﬁ‘i‘é drifis TRk !‘?éd A the su d?f

optionally | L e | e or Stearic acl
if the cata %%%B OPE)S?Z%BQ@ ieﬁ% ﬁéﬁ?nﬁ] %@BP@%&@'F?V ¥ or nore
dopi ng el en@%@neﬁftﬁt apart fromthat do not conprise any further
catal yt3dcal | y active acconpanyi ng substances. In this 10context, the

suppor | TR o8 AISAELE B Bl SEOB ML,

active materi It1ons specr I e erern

conposi ti o@%@r'?lhﬁa@é{iga‘?%fs Hich @8 oEanhites stearicacid. phesrheda acid o Sirthent
t her eof \Amrgdiﬁssmg@@aletaatdy a calcination, and 15 before the
reduction thereof with hydrogen. The proportion of the active

Cyo carls, SOt A Al Rsre vt o rbBresiney MlBeispricis poe oF Mioee doping
more pr ef erdl ?ﬂ"?"%@’@‘gﬁtlﬂ?[)@‘ﬁ%@ e IMorgasiccer anganic pirepangb ther@d, saededs
by wei ght, fesperiupt o 92 of the Faftobravrl BRdmples of such elements or compounds
thereof are: transition metals such as Mn or manganese oxides, Re or rhenium oxides,
Cr or chromium oxides, Mo or molybdenum oxides, W or tungsten oxides, Ta or
40  tantalum oxides, Nb or niobium oxides or niobium oxalate, V or vanadium oxides or
vanadyl pyrophosphate, zinc or zinc oxides, silver or silver oxides, lanthanides such as
Ce or CeQ: or Pr or Prz03, alkali metal oxides such as K20, alkali metal carbonates



20 The cat aF§§13%"1"ecursors can be prepared by known processes, for
exanple by precipitation reactions (for exanple coprecipitation or
precipitative application) or inpregnatig. I ndabpref erred f
enbodi ment, catal yst precursors which are prepare y inpregnation o
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Pr epar ations,‘le hzaLceI kker, New York, for exanple
a metal salt E%'P'tion In one or nore inpregnation stages. Useful
netal salts generally include water-soluble netal salts, such as the
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suppor t201at Fiid edtalyRqresursdrg caPbé bepuRidady IHRRAIPEIR8eE dakhinble tyS

| st d 5. M | ' LOn.,: sat.uration _at nost.
rovever .t neblloresdBE RBRIERME EodibeiBhuR of BstpletiR amRicatbnlor on.
In the casee4Aal!PR-st age i npregnation processes, it is appropri ate
to dry and lop prefesiedentbodinadnt, aatalyet preearsorswhich dresprepargt &9 irdprie@Ration of
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t he support terial e conta ts'in

rel ati y l]ogﬁea,gwg Tt . To apply a plurality of components to the
support mmat B¢ sipportieateinls whicharousesiin thef inpregratiph ean beusdd, &xtezdmple, in
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30  Useful support materials include, for example, carbon, such as graphite, carbon black
and/or activated carbon, aluminum oxide (gamma, delta, theta, alpha, kappa, chi or
mixtures thereof), silicon dioxide, zirconium dioxide, zeolites, aluminosilicates or
mixtures thereof.

The abovementioned support materials can be impregnated by the customary

35 processes (A. B. Stiles, Catalyst Manufacture - Laboratory and Commercial
Preparations, Marcel Dekker, New York, 1983), for example by applying a metal salt
solution in one or more impregnation stages. Useful metal salts generally include
water-soluble metal salts, such as the nitrates, acetates or chlorides of the catalytically
active components or of the doping elements. The impregnation can also be effected

40  with other suitable soluble compounds of the elements in question.

Thereatter, the impregnated support material is generally dried and calcined.
The drying is effected typically at temperatures of 80 to 200°C, preferably 100 to
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Ru, Pt 3nd deduble salts also include corresponding compounds of the doping elements.
The water-soluble compounds of a support material used are generally water-soluble
compounds of Al, Zr, Si, etc., for example the water-soluble nitrates, sulfates, acetates
or chiorides of these elements.

35 Catalyst precursors can also be prepared by precipitative application.
Precipitative application is understood to mean a preparation method in which a
sparingly soluble or insoluble support material is suspended in a liquid and then soluble
metal salts of the corresponding metal oxides are added, which are then precipitated
onto the suspended support by adding a precipitant (for example described in

40  EP-A2-1 106 600, page 4, and A. B. Stiles, Catalyst Manufacture, Marcel Dekker, Inc.,
1983, page 15).
Examples of sparingly soluble and insoluble support materials include carbon
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preci pitat |Rﬂﬁaasmwbmatapép@twﬁwa|hv9roeﬂdad| tioned.
The precipitants used may also be ammonium salts, for example ammonium halides,
ammonium carbonate, ammonium hydroxide or ammonium carboxylates.
The precipitation reactions can be carried out, for example, at temperatures of 20 to
30 100°C, particularly 30 to 90°C, especially 50 to 70°C.
The precipitates obtained in the precipitation reactions are generally chemically
inhomogeneous and comprise generally mixtures of the oxides, oxide hydrates,
hydroxides, carbonates and/or hydrogencarbonates of the metals used. It may be
found to be favorable for the filterability of the precipitates when they are aged, i.e.
35  when they are left for a certain time after the precipitation, optionally under hot
conditions or while passing air through.

The precipitates obtained by these precipitation processes are typically processed by
washing, drying, calcining and conditioning them.

40  After washing, the precipitates are dried generally at 80 to 200°C, preferably 100 to
150°C, and then calcined.
The calcination is performed generally at temperatures between 300 and 800°C,
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30 generally obtained by coprecipitation.
The active material of catalyst precursors which do not comprise any support material
preferably comprises one or more active components selected from the group
consisting of CoO, NiO, CuO, RuQ(OH), and LiCoOs.
The active material of catalyst precursors which do not comprise any support material
35  more preferably comprises NiO and/or CoQ, especially CoO.
Such catalyst precursors are, for example,
catalysts which are disclosed in patent application PCT/EP2007/052013 and comprise,
before the reduction with hydrogen, a) cobalt and b) one or more elements of the alkali
metal group, of the alkaline earth metal group, of the group of the rare earths or zinc or
40  mixtures thereof, where the elements a) and b} are present at least partly in the form of
their mixed oxides, for example LiCoOz, or particularly preferred catalysts which are
disclosed in EP-A-0636409 and whose catalytically active material, before the
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Catalyst precursors which comprise support material may comprise one or more

catalytically active components, preferably CoO, NiO, CuO and/or oxygen compounds
of Rh, Ru, Pt, Pd and/or Ir.
The active material of catalyst precursors which comprise support material more

40  preferably comprises CuO, NiO andfor CoQ, especially CoO.
The support materials used are preferably carbon, such as graphite, carbon biack
and/or activated carbon, aluminum oxide (gamma, delta, theta, alpha, kappa, chi or
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copper is ¢iRREIItratgand alungnyr Nt with sedigmibicsr b@}@;ﬁg@mﬂ benpeshidg, drying
cobal t, calandl tméueamgmm@reﬁupﬁate5§ﬁcbwa§a eerh pduitionlof @GR NS IR P Yeh opf
nol ybdenumcu@bﬁ&lbﬁg;@g 43?% h@BidAt%st gr 10% by wei ght of oxygen

conmpounds q m,n nese al cul ated as Al 203 and

Mh02 respect at%’?’é#?/d'sgf’secd;f' 3{? 9@%@%& %%pg?laltyotﬁggq aighy comprse: [n Rusand/gpRh,

and corfr i fadashated earban 2s hessypport maderéllve the fol | owi ng particle
catalysts which are disclosed in EP-A2-1106600 and whose catalytically active
material, before the reduction with hydrogen, comprises 22 to 45% by weight of oxygen



catal ysts wAF 833 e disclosed in WO 2004085356, WO 2006005505 and WO
2006005506 and whose catal ytically active material conprises an
oxidic material which conprises copper q§i de (with a proportion in

the range of 50 = x = 80, preferably 15 55 = X = 75% by wei ght),
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oxygen- met S eBRBaTAREA srECAnaten, RebeceGr yer o plsardebs o t he
cor r espondi g KB 5100 g6 afshapetalfie gorpnes ppwesremppen fakesar cameht pdvader or
di fferat kimiktureftherzfgsith £orsporion s the raf frsh H\f@46%;6”9 v@gigﬁtgﬁ'%steidoorr{n the

I o s r .
Che cat af ypiarweRht She B ol drbrabie il boptudn B 650 1 86t ne
process ac d%gi@?tnl@as[eg e il arright AT the cxidisiagivaak whefsche sumeditheso The
catal yst t Huepdrtionseef cxislic, matktialr metatiicmopperchntden mopper ﬂaaé@lbleéétn@efm ggygger

tored undejr aafixtune fHerdlAand BrdphRS aliid I leddt 959 oPfHelsh

fsor exazrgpl r:g%%lgﬁ%ho ] iscrﬁétégﬁbor ?he %é)g%}c? o? t %Sr%%tlocg{easr ab dy

reaction f '¥st is used. However, after the PF 61393
17 prereduction, the catalyst can also be passivated, i.e. provided

with a protieatrrsferrod efobiment, befiré thedré y&teas @amgété tﬁ*{)t?\@ pg%§1§§ t&%&?’&i‘ng
h i A i it . 1 :

cat al yat s iy HE oyt orely oW R ol ol itpepbetavone

5pr ecur sor LYURASINAIRL ¢r RigHRitalRe ate ayerallypreradusegthyi traatpentiith hydrogen

cat al ys®0, efiabthe aafoiratiph bcatreltioaind. saf e handl i ng and storage of the

catal yst. The trairalesbbicBihd dedlydt ﬁV&,qu%rsb%efqeﬁgr%II?Erssi g:gatc;sgﬁ ch a bltr%'é'ﬁﬁ.

o e b a0 S S e

hydr ogen- c dhBhydioggn ghmosphere at 200 to 400°C for another up to approx. 24 hours. This
prereduction reduces some of the oxygen-metal compounds present in the catalyst

35  precursors to the corresponding metals, such that they are present together with the
different kinds of oxygen compounds in the active form of the catalyst.
In a particularly preferred embodiment, the prereduction of the catalyst precursor is
undertaken in the same reactor in which the process according to the invention is
subsequently performed.

40  The catalyst thus formed can, after the prereduction, be handled and stored under an
inert gas such as nitrogen, or under an inert liquid, for example an alcohol, water or the
product of the particular reaction for which the catalyst is used. However, after the




10Bef ore th%Fgg%%at of the hydroam nation, the catalyst can be freed
fromthe inert liquid or passivation layer. This is done, for

exanpl e, by the treatnent with hydrogen18r a hydrogen-conpri si ng gas.
The hydr oam ' ' ir ter the. :
Feauct o Qp ool Bt S s IRt Rg i BNk SihE pBuve prie
reducti on wd erawglbaﬁpﬁé’@f‘é%mpi@'"@&aéIS§F§?m;ﬁ“@'&ﬁ? appEa gdurer winwdth

al so be usettregen he process without prereduction, in which case they

he hyaroan Bl e e pron ok B SaPCEB) LA AEAT o S
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formod i anprrsas bl nert SubsiEE8! or tas Basiafod Bhid Folaaleliale on

catal yst caipeEwplicaiediand eafe hRadiingand staraae of the catalysi. Fhe catalyistiyay then
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catal yst w n i reference is

i ven to uriasraiinane ek 18 pouhaRe SRBLB D AT BrFoa i

hydr ogenat ﬂ?yﬁ’f%%f‘aﬁogwswa 98Re sane reactor in which the hydrogenation

cat al yst0 weBefatesthe stagtaf #te jdrdmrhipationg the catalygst byid be greed tomithé HehdicgiriSor

prer eOuct | G ph o LD Cht ] pr et R DT RR bt
Brgsgn}tJ Ciln ﬁi(ra(JJ g%%{n %Sﬁﬁgég'&ﬁﬁehy QRENIPRUORIS Bre ?rﬁé!ng?'?%‘éﬂé’ﬂ?gﬁ after
whi ch t akesthpredustiomoldhe gatalyst prepirsenjid theysame fesator it wihighs thegedientiahwas
bei ng f or neadso effepitdd.. The performance of stage b) (hydrogenation
t ] I | sly. The .
per ot nance. SpPS TR 82 TRMleRg: Hleo Yl B8 o bR rdpugtgf.
the gas pha¥dch gps& g@é edefluced;updar the cgaditiens it kydsegensiing aminggion by
liquid phasibe hydrogerepresemtrin thiexeacter, tie ataigst generatipbeingjoread ilsitu.
rea](c:t ed W tBefbedli9assd ﬁ‘l%dﬂﬁ?ﬁbﬁg@%g’eﬂaﬁcﬁ?ﬁﬁ %Qlﬁﬁe ﬂfafz@frélgltﬁgﬂ‘fert
52ZdeLZPS?&%E@H%P%%?%@@‘?@%?'%'s R PEOATRLR {5 BERSRETH e byl
tertbutdfl dtygErgengliongatalyst withdygroger pen hydrogen-camprising gas Pref@tdaRpe is
le 9 2 ° ; s S L%\herﬂs mﬂéﬂtﬁaﬂqj{ Sftg@ bediekctipsftdraapiremaeat of tﬁé’ gly&tégé'rtaga.z caldfiat
ami des. such ?ﬁﬁ“ﬁ% clof InWAIEh e HysPgeRE R At S 0 e i vatpgen
such as N-rf¥ Rﬂepﬁ%f’lﬂ’ﬁﬁ@? 9RE-et hyl pyrrol i done, N nethyl caprol actam
or N et hyl deafelystarecunsorsisar, lowseéry elst bealsed i the lpuabess withal peersiludtioh &if
of t he 250l wanérscéée&haﬂareb@a@eﬂp%éﬂ)&dfsﬁén P&@Qerh # §Qa,d & hdBf gRor tion
f 5to 95% by.. f b 20t F 613 (S .
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reaction nicetalyss genesalyshaingfogmedinsitiol vent. Preference is given to
performng the reaction of acrolein with secondary am ne w thout an

addi ti on of ' 2 f e hydragenation
stage (sta Teh%]b Yﬁ(@%n%eo];@%rgp gbﬁ %@8 rgﬁéei(%ég%e%%ﬁib% pghg'fr??c_il%ﬂa%”'se or
aut ocl avve, PASIf @”EBLI“{EEE’- or a circulation reactor, for instance a
jet | oop redetprsriornance hbstbge binande pedofmudintrediqoki phase tyid fregRRIHaes
stage, a SUZBRASHCOR dNentth PefidiAfild MaucliDm HehGidbhatl, st age a) and
hydr ogenati on catal yst and optionally 'solvent i's typically
The reaction mixture obtained in stage a) can be reacted with hydrogen and ammonia
35 inthe presence of a solvent, preference being given to using the solvent which has
already been used beforehand in stage a), for example in ethers such as methyl tert-
butyl ether, ethyl tert-butyl ether or tetrahydrofuran (THF); alcohols such as methanol,
ethanal or isopropanol; hydrocarbons such as hexane, heptane or raffinate cuts;
aromatics such as foluene; amides such as dimethylformamide or dimethylacetamide,
40  or lactams such as N-methyipyrrolidone, N-ethylpyrrolidone, N-methylcaprolactam or
N-ethylcaprolactam. Useful solvents also include suitable mixtures of the solvents listed
above. The solvent can be used in a proportion of 5 to 95% by weight, preferably 20 to



initially cﬁgradga?’in the reactor. In order to ensure a high
conversion and high selectivity, the suspension of the reaction
m xture fromstage a) and catalyst with gqmonia is typically m xed

ine stirrer in an
et ool ave. " Tl eOoRlsco a0 T Gl haseein RCrCmeS BB the ot SR bl reaction
renoved agalmiktvietfiom slagepbanst sai&miist omary t echni ques (sedi nentati on,
cent ri f ugat Paifercfékie diventth %bi‘f&%ing?fh@%éédti%\ﬂ’of hérblefd Wit decoh @8y GRtiGE Without
can be used g t@_{ {g&@%&} an once. The catalyst concentration is
advant ageougﬁqy @ o oby weight, preferably 0.5 to 40% by weight,
nor e pre?erabl y 1 to 30% by weight, especially 5 to 20% by wei ght,

based in eaThe baiswisa peiernapicalof theirghtog@ﬁattdm%t@bsﬁ@fé@éim%%‘ésﬁeﬁfdrﬁgd,
of the reactdeRakBleMvd dtired ﬁ%a%?gﬁulfr}le 96!9?1@%% c}f't?zslaﬁio-m‘%agsggclr ‘o 1

catal yst partjcle si.ze 1s at vantageously In € range 1rom

nmm  pref er abP® ”F‘?latj‘?‘éo‘?pa’ﬁaﬁf’f'rom 0.005 to 0.5 nm Specially fromo0.01
to 0.25 mm Inthe baehwissgpeddrimarce ofithechyderdenatimnstege fa skpgwsidy) of thd ezaction
pressur eoi snpemeridh stade é%dqwd;ogré’nafi&{ @é{&iyst%nh%gﬁ%u?%bveﬁ% é:gicafly
preferably ﬂmﬂ‘al;?c. ge&)@rthe?%ﬁagl lr[%e Br ef ergblé_x 0 tg 1%0 i ée'[ectivity
According t 0 EReCinvent i on cr i 1T ORpErAPlee pdigh &gy TENROE, '
preferably Betyspesiongiitie mastieymixture frome $ageo® anddatalyst vithlamm@sa iso
65C. I n a f typtchlly misetdebramghly, fériexamphaisr meansofisstufbirzDstintep indH autoclave.

preferably §nd Qus%%gd@dqgatglgft%ﬁ%ﬁéf%Egpkgr}tﬂo%aké’d g’r?aqen?’ogeg 3?&{1 >\lxr\gtlh the F{fi of
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conti nuous firafiam neheceataystseabe ubgd bnce drendrieduardommiease, the reaction
m xt utr]I e fr Omhébétﬁ@sl@aonbé}ﬁtdﬂﬂh @]acf%ﬂfa@g%mg t@?ﬂg%rﬂry?/éé&tb @fe?étggg}rﬁto

nat i o .

PR 2 T X A4 By NGgEORBE proRiahR] 1ol 305 of isiohs kool S Bcante BY i
are possi bl B2seddn epgh eagecondhe tlehvwaiaht @6 thecuspensianceensisting efdhe phaction
the |iq20d pikise fromhstage epand eatalgstgeneral |y 1-400 bar, preferably 5_
to 300 bar, T@ﬁ%aﬁ%ﬁa%ﬁﬁgrgclégizé% %&%n%éﬂuﬁfﬂﬁﬁé ?&lr{g& ﬁ%'fnee()ﬁgg}lﬁ/ n'fi-g
to 100 bar. Accordi nﬂ to the invention, “the: enPera ure 1S5 (- .
70C, pr ef er BETS/AR)Y {15ihe frage 0489 {7 Eodrmpespesally Bom@Ahiod - d2padi al | y
35 to 65C. Inthecdsgraf heichwise pdifermance ofrstagedn)ibe atass@reiisgdnetdlly 1140032,

referably frefeahPStcraud bEp o RdiEaBh 10 td 950 BardSpeciall B@r&f;ﬁ@@%o
(F:)onti nu%sggjfo%gnance of stagtﬁ)) i?\ t he gas phasg,n{té{e reacti on
1

m xture P 393 19 ) .
According to the invention, the temperature is (-50) to 70°C, preferably 0 to 70°C, more

preferably 20 to 70°C and especially 35 to 65°C. In a further embodiment, the
temperature is (-50) to 39°C, preferably 0 to 39°C and more preferably 10 to 39°C.

30  The hydrogenation stage is preferably performed continuously, typically in pressure
vessels or pressure vessel cascades.
In the case of continuous performance of stage b) in the liquid phase, the reaction mixture
from stage a) including hydrogen and ammonia is preferably passed over the
hydrogenation catalyst, which is preferably present in a fixed bed reactor. Both trickle
35  mode and liquid phase mode are possible.
In the case of continuous performance of stage b} in the liquid phase, the pressure is
generally 1-400 bar, preferably 5 to 300 bar, more preferably 10 to 250 bar, especially
preferably 30 to 100 bar.
According to the invention, the temperature is (-50) to 70°C, preferably 0 to 70°C, more
40  preferably 20 to 70°C and especially 35 to 65°C. In a further embodiment, the
temperature is (-50) to 39°C, preferably 0 to 39°C and more preferably 10 to 39°C.
In the case of continuous performance of stage b) in the gas phase, the reaction mixture



from stage %ﬁsﬁgg%assed over the catalyst together with ammonia in a
gas stream selected on a sufficiently large scale for evaporation, in
the presence of hydrogen. In the case ofigperformance of stage b) in

t he gas phase he pressure is generally 0.1-400 bar, preferably 1 to
100 bar , | oTEh Sieg 8l BBRSSSr V5T B8 CHa St AR T Ao i 0as REAR ssikcied
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3-am nopropan-1-ol, for exanple by distillation or rect # | Cat1 on.

Unconverted_reactants, such as secondary ami nes, hydrogen or ammoni a,
can be recythegastinngnixiiee phigtied & stage bivipaprisea N, Nsubstiteted 8-propas: &lolss t
for pol yurethane preparation and as a scrubbing fluid in gas
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t he i nvent i '6AY4I$EiStq thePFreeps-ovi si on of a process for preparing

N, Nsubsti tuted 3-am nopropan-1-ols fromacrolein, in which a high
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further corffEheSIPPEENESRERShstit ut ed 3- ami nopropan-1-ol, the process
Is easy to manage and industrially inplenentable. The present

i nventi on pheddiies, BPMAPOLPS &P Ristriafifebstbek ih@rgdadPRAkhesishindtaibe used,

f eedst ocks ' . | : t f renewabl e raw
rateri ol ateoie hedh AskALe ifhe'¥auttof B birReed ERERANN 9 Ut ca
3- ani ng’&ro Rteplin OMRRsHionsr ned with hi gh sel ectivity. A further

advant age of the process according to the invention is that, in stage

b), it is pHesprebentinventich acchiiighogs@tdiates eaihaluiss bf WaimhAPSL loB&Snable in
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Exanpl e 1: . C
One advantage of the invention lies in the provision of a process for preparing N,N-

substituted 3-aminopropan-1-ols from acrolein, in which a high selectivity based on the

30 acrolein used is achieved. By virtue of the fact that the N,N,N’,N’-substituted 1,3-
propenediamines obtained as an intermediate need not be isolated or purified before
the further conversion to N,N-substituted 3-aminopropan-1-ol, the process is easy to
manage and industrially implementable. The present invention provides a new
preparation route for DMAPOL, in which feedstocks which can be obtained on the

35  basis of renewable raw materials are used. in addition, the target products (N,N-
substituted 3-aminopropan-1-ols) are formed with high selectivity. A further advantage
of the process according to the invention is that, in stage b), it is possible to use a

hydrogenation catalyst which is less expensive compared to the prior art Pt catalysts
used.



5 A 270 m R0t%38P3ve was initially charged with 33.8 g of

di met hyl amne (0.75 nol) and 30 g of THF, and 16.8 g of acrolein (0.3
mol) in 30 g of THF were punped in withgpoling (4C over 60 m nutes.
The m xture was stirred for 15 mnutes. A sanple was taken and

anal yzed by_means of gas chromat ography. The contents of this
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Exampie 5:

A 270 ml autoclave was initially charged with 67.6 g of dimethylamine (1.5 mol) and
16.8 g of acrolein (0.3 mol) were pumped in with cooling (4°C) over 60 minutes. The

30  mixture was stirred for 15 minutes. A sample was taken and analyzed by means of gas
chromatography. The contents of this autoclave were then transferred by means of a
connecting line by injection of hydrogen into a 270 ml high-pressure autoclave which
had already been charged with 1.8 g of Ra-Co (THF-washed) in 51.0 g of NH3 (3 mol)
and 10.8 g of water (0.6 mol). The second autoclave was heated to 40°C and hydrogen

35 was injected to 60 bar. Hydrogenation was then effected for 3 hours and the pressure
was maintained by adding hydrogen. After 3 hours, a sample was taken and analyzed
by means of gas chromatography. By gas chromatography analysis of a sample, it was
found that 57.5 GC area% of the desired N,N-dimethyl-3-aminopropan-1-ol (DMAPOL)
product had formed. In addition, 29.4 GC area% of N,N-dimethylpropanediamine

40 (DMAPA) was found.

Comparative example 1:
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The procedure was analogous to example 5, except that stage b) was performed at a
temperature of 100°C. By gas chromatography analysis of a sample, it was found that
0.4 GC area% of the desired N,N-dimethyl-3-aminopropan-1-ol (DMAPOL) product had
formed. In addition, 91.4 GC area% of N,N-dimethylpropanediamine (DMAPA) was
found.

Comparative example 2:

The procedure was analogous to example 5, except that stage b) was performed at a
temperature of 80°C. By gas chromatography analysis of a sample, it was found that
13.9 GC area% of the desired N,N-dimethyl-3-aminopropan-1-ol (DMAPOL) product
had formed. In addition, 80.3 GC area% of N,N-dimethylpropanediamine (DMAPA) was
found.



9. 40 10EF61%93reacti ng the reaction mxture obtained in stage a)
w th hydrogen and ammonia in the presence of a hydrogenation catal yst
at a pressure of 1 to 400 bar, wherein tdae nolar ratio of secondary
amne to acrolein in stage a) is 1:1 or nore and the tenperature in
stage b) isC®i" he range from (-50) to 70C. The process according to
claim1l1, wherein the nolar ratio of secondary amine to acrolein is
2:1 to 50: 14, TheaprRes8Sfor Fifld RION- : i _elhai 1 and 2,
wherei n stage b) i@’s perfo?gnél;ﬁg g? g“:sgbnﬁieﬂtgfgﬁ:@éf}ﬁoontgb% . The
process according to at |east one of clainms 1 to 3, wherein stage b)
is perforned at 2 Eeelngfesordarpeming wifoadselein afledemperasss ohiccor ding to
at | east one of cl@50y80o 100°C dhd A\beESErs of DO1TORE. beakh® of the ammmoni a
used in stage b) to the acrolein used in stage a) is 2:1 to 100: 1.
The process accQrding.to at |least one of clains 1 to 5 wherein the
hydr ogenation ¢ ar|e9gt{ngitge Fractiemmixtyre abtained ip stagerd) withdygicgee aad
accordi ng to cl ai nrarBmoniaén herpresemceol ahy@grogemation @atabfst atabpleksat @8 to
based ofpthe sum ofppadr, Metal atons in the hydrogenation catal yst
used, which was used in the process in netallic form is 50 nol % and
more. The process according to at |east one of clains 6 and 7,

wher ei n t he hydr dderein thermelat @it of seapngenyainine tof anreleindn staBamdis Sponge
or skeletal catalnyst andlie erpeefsreassEdbhB it hetbnd&RGM (B tPfooe). ai s
1 to 5 wherein the hydrogenation catalyst is obtained by reducing
the catgl ysf precursors which conprise one or nore catalytically
active nent-gh‘? PFOPERS §SPTRINGrto Glalrg dnwheiepblhin drolatralip ef sesondary @mine
9 and/ or 10 and/toracicfeinis 2:héo B&ri odi ¢ Tabl e of the El ements. The
process according to claim9, wherein the nolar proportion of cobalt
atoms PF 61393 24 based on the sum of. all tal  at resent in the
catal yticalty actTV®%% gifng g & aFfSOP@deEEI 8@”3@51@’39@9 siggfe D) is
process accor di neerfosmad af 2 tesmpesaturendf 20tai7AC.1 to 10, wherein the
react o

4.  The process according to at least one of claims 1 to 3, wherein stage b) is
performed at a pressure of 20 to 250 bar.

5. The process according to at least one of claims 1 to 4, wherein the molar ratio
25 of the ammonia used in stage b) to the acrolein used in stage a) is 2:1 to 100:1.
6. The process according to at least one of claims 1 to 5, wherein the

hydrogenation catalyst is present in metallic form.

30 7. The process according to claim 8, wherein the molar proportion of cobalt atoms
based on the sum of all metal atoms in the hydrogenation catalyst used, which
was used in the process in metallic form, is 50 mol% and more.

8. The process according to at least one of claims 6 and 7, wherein the
35 hydrogenation catalyst in metallic form is a Raney sponge or skeletal catalyst.
Q. The process according to at least one of claims 1 to 5, wherein the

hydrogenation catalyst is obtained by reducing the catalyst precursors which
comprise one or more catalytically active components in the form of oxygen

40 compounds of groups 8 and/or 9 and/or 10 and/or 11 of the Periodic Table of
the Elements.

10.  The process according to claim 9, wherein the molar proportion of cobalt atoms



5m xt ure obPRI&E® i n stage a), before use in stage b), is used _
wi t hout additional purification or workup. 12. The process according
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i s di met hyl geordin e of .
okt P 0 el ks AR POESITARE SR AL 80, RS S e
in the rnge frofXurg phlaines in stage g, beffPfé Use dretege bl éovatidvgthoot additional
| east one of cl apunficatidgroorhdorkahier ei n acrol ei n whi ch 20has been

prepared from glycerol is used. 16. The process according to claim
based on renewabl e raw

15, wherein he cerol is
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14.  The process according to at least one of claims 1 to 13, wherein the molar ratio
of water to acrolein used is in the range from 0.01:1 to 2:1.

15.  The process according to at least one of claims 1 to 13, wherein acrolein which
20 has been prepared from glycerol is used.

16. The process according to claim 15, wherein the glycerol is glycerol based on
renewable raw materials,

25 A17. N,N-dimethyl-1,3-propan-1-ol (DMAPOL) obtainable according fo claim 16.

18.  The use of an N,N-dimethyl-3-aminopropan-1-of (DMAPOL) obtainable
according to any one of claims 1 o 17 as a catalyst for polyurethane
preparation, as a scrubbing fluid in gas scrubbing, in the electronics chemicals

30 and electroplating sectors, as a feedstock in organic synthesis, and as an
intermediate in the production of pharmaceuticals and crop protection
compositions.



