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Prepar at'i 956145189 n- Butygal dehyde And/ Or n-But anol The
present invention relates to a novel process for the preparation of n-
but yr al dehyde and/or n-butanol and to the use of the n-butyral dehyde
synt hesi zed by the process of the invention t he preparation of
2- et hyl hexanol . The invention EeparatidN:Yla process for the

 preparation of 2-ethyl hex S b C ! But yr al dehyde

and n-butanol_are produﬁ(%%myg& mg%)quﬁlcg g@@ll e in the
chem cal industry and have varied uses. n-Butyral dehyde is produced worl d-
wide in anounts of nore than 4 mllion t/yr and serves inter alia as

starting 10_pmaterial for the preparation of plasticiger, alcohols, n-Butanol
i s enpl oyedTh® present dpwtﬂ'alrﬁlaiﬁs 481 3cnevelr Brocess nior . the, pPreparatiog of -
COWFOSi ti Onblla raldehisqd&land/@k debutémol angdrtothe ade M\lthei_aymtyraldehyidachwthesized
scale virtu | : . | " i

whi ch pur pogg Ii(/eaﬁlfbo%ggé 8?&%@%’ éegﬁée/lrf g&ﬁggﬁéﬁgﬁmﬂbegggﬂ{elxaf@pﬁslgfg\f’%{stgnof
cobalt or ralsai elatgslrter & nposessnfarathe ypreparglion of 2“9@@?‘@%.“0 rom n-
Encycl opedi aldéydecal  Technol ogy, 4th Edition, Vol. 4, pp. 741-746,

John Wley & Sons, New York 1992). n- Butanol is one of the
guantitatively nost inportant derivatives of n- 20 butyral dehyde and is

obt ai ned t herButyraid ehitanolnareqenaducis whishsare produced on a jargpscale on
Curn produon i HenfEal Mausty RO 895 vaRiod usesoh BLieRiBids bl hced oIt ot
~ historical Wigeinsamgpnis; ot mane, “?%bi‘{)ﬁﬁaﬁ'@it i ?e“gaﬁ%\éés infen, “zlély ?ﬁnﬁﬁgﬁr@se
offhe  ninatetialofasgtheapreparation ob plasticizen alophols.op-Butanehisi emplayed on a

. nol asses, V(() rgrbé—s%%@% %‘2{@‘?&5@?}?&“& i"?,\*y‘fﬁa‘ eeBnfpdsiticigInol ogy, 4th

Edi ti on, ey Sons, New York 1992). These
processes, particularly the hydrofornyl ation of propene, demand hi gh
| nvest ment sp-Butyraldetydecis prepatéicnowadays oniam industriajiscale viplually exclusively
et F DS BRGNS B Ao 8 ion pdshi708o st used
hydr of or nypl Whigh essprtially make,Hs& of gobalt on ghagjum hyqfeglrm%%ﬁt%ﬂtﬂﬁg@- (Kirk-
oAby e Do, Spckgunecf lemical Fochrlop A SaoR o 4, et -3l 1
fgr t he g¥e8§¢@W'%0%%Bﬁﬁ’eﬁ%yr¥‘ﬁgsﬁds@ as Iroequi red foryt he ° P
hydrof ormmyl ation. A further drawback of the process is the unavoi dabl e
formation of-Bafafiel didardriel i 61 thé quantiatveRdunbsi siiporiam! derivatives\hoic - on
:Cfgw‘g Cg?poﬁ]{lygtllﬁpéﬁ% ral"lg ' Spined tarettom By fydrbisHation®Bthdr prodatids'fbr S
. preparation of n-butanol, such as the hydrogenation of crotonaldehyde, which is in
:.-“:%-.'--;;« turn produced by aldol condensation of acetaldehyde, are nowadays merely of
N historical interest or have only regional significance, such as in the case of the
| microbiological production of n~butanol by fermention of molasses, (Kirk-Othmer:
s Encyclopedia of Chemical Technology, 4th Edition, Vol. 4, pp. 694-696: John
Wiley Sons, New York 1992). These processes, particularly the hydroformylation of
propene, demand high investments, for example, for the construction of high-
pressure plant for the cobalt-catalyzed hydroformylation or for the purchase of the
expensive rhodium catalyst, the plant required for handling during hydroformylation
so and for working up the spent rhodium-containing catalyst solution. Furthermore the
preparation of n-butyraldehyde by the hydroformylation process requires the
presence of a synthesis gas plant for the preparation of the synthesis gas required
for the hydroformylation. A further drawback of the process is the unavoidable
formation of large quantities of the by-product isobutyraldehyde, which, on account
ss of its restricted possibility of further usage in quantity, has a low economical rating.




0050/ 45189 2 1, 3-Butadi ene is a basic

chem cal" phsppaseggr oduced in large anpbynts in steam crackers and is

i sol-at ed,bgy thractlon fromthe (Jerr] cut obtained in the cracker, for
exanpl e, by neans of N-nethyl pyrrolidone. Although 1, 3-butadiene is

f“égh's ?P: ° 'ﬁduﬁdg@nef‘g%’%“béslé%ehﬁca Wﬁfd\yeﬁéh grRuesd: rl}ﬂﬂé '&?houm% in steam
prepar at i onxfﬁ ?ﬁ?r’i‘)@f‘ r‘%l'%?iﬁ?ae Y)Pxﬁ @?rhﬁ %)62:4 oﬁg@ﬁgé the c?racker for

1, 3- but adi eexamples hyemeans mermethyI pyrrblidanen ddlthoughr 1,3-butadienat iscavailableo
under go_di nﬁnaiase Se f?%ﬁ,a&h%} Fdv@ mhatenal, %oinaimnaw [84bI8 brocéds
n;

m xtures of 1 ,ucts t|on I:eac ason or this
cherical Weh@$i g"é?f&% f%‘ B%ﬂ'ﬂ ag'%f?dgr 'R P

1,3- 10 but odi mmbmisewlb,sehummnene t‘easynlfquemum isfthéntendenty of 1 "3~
Technol ogy, bﬂ{eﬁh%rg EP' ghg@%olcggienzéu?ﬁ’ %nd%rﬁéﬁzahh?ﬁéa%hﬁé’ aﬁd Qﬂa%rrh\ﬁm’m

York 1992). nes rea
1, 3- but adi eRE mbrturas ofr £2maed t.4-addyqlsin additien Rpetians h%F?ﬁQ‘Wefor this

cor respondi gBemidat! behavivrsis Hhel prezbnod dof Jwdleonjugatechdoubls hont4in (Hed 13-

i rel ot noplaens molELE KK f‘ﬁ@'ﬂﬁfz Endftiorefia o cﬂsﬁ%r. Tobindidb s g ©
85 (1984) 5EditiomeVoli4Pp: BE6-EB3I JohrWiley S Somns,dNew Yorki1882).wi t h ani nes

using solid base catalysts such as MJO or CaO. In their experinents, the

ngcﬂinﬁgr 2 U5 3554, h2 883 oot thel Mnds Feb G lh 73 FiladighS P fpeiyRbafod b
rongl y baalkallh;ml!tait amidascto formrihescomrespanding allyle aminesst Fally st 92!t G Qrge
oam nal i(GRy. 37, WIHWI(4 s?z)m@sugm' %ea.tmﬁﬁ am;ae-éms é!éeéhdiﬁm of

tal yst f t
‘Eﬁeﬁkﬁ ok MO IS PNTaEisnt st 1 B sbigttandiis nitk: Kggunafp dieiorty.
gesc EI i be t h€atela@5 (1O84) 59?) dezcgh;ie e ycata’n%i% rm«tlonobfrl;utadnenesnm $gmmes
utadi ene i jo ! ysBeisy riCa0. MUAeir Sthe FBAGHSITR" Y
BT it sy e et
gg?ggt gzim presbupel ©Ict G0 tohR- Acotrding WtUS-AP4;67513m9 alimglwbasmﬁhydmmcntes

r am nes usin

pal | adi um gt'@%ﬁ'ﬂs%‘ﬂﬁg@e%‘??agkéfaiﬁ‘%&‘ﬁ%?&!ﬁ.’dr)f{e’“iﬁhgg%s Takahashi gt al
(Bul'l. Chem Soc. Jap. 45, 1183 (1972)) carry out this reaction in the
prese ?cle OI Transifieldliniétan compl@xyél have bmog@ére/uab@ 3l catélystshfor thecadiition of
co-catalys f
ot de- (A bATobeS Y, Parbliaighd. Ytingbe féa@?" ko rlsuhl el ROg"

i ncrease th&igigtsecShareikai @8, (981 ))onlescﬂher etmc ion af rvasious qrimary. and

A aobut ingb%e G54y biied Wiur dinadione Th BETPResericd ?Bf“f“ag%’*‘ and, platinum
or| ety or - complexar Sesontlany amities iy el biGnhlamias: Shbaiiing brcne e

13di enes m aaialyslr asadmwhereasfpmparycalmnes:apmducepho@merqfs1 doadducts wvith
described i q:55x4ddotdO4nd@ ¥4 Haducts. JP-4 71/19,925, IP-A 71/19,926, and JP-A
s 72/25,321 relate to the catalyzed synthesis of alkenyl amines using palladium
compounds and chelating phosphine ligands. Takahashi et al (Bull. Chem. Soc.
Jap. 45, 1183 (1972)) carry out this reaction in the presence of, in addition,
sodium phenolate/phenol. Another known co-catalyst for pailadium-catalyzed
hydroamination is tristhylammonium iodide (Arbruster et al, Organomet. 5, 234
s {1986)), which is used to increase the selectivity of the reaction toward the
monoadduct. US-A 4,120,901 discloses that the addition of ammonia to produce 1-
aminobutene-2 is successfully carried out using palladium complexes in primary or
secondary alcohols acting as solvent. The amination of 1,3-dienes in the presence

of optically active phosphorus compounds is described in US-4 4,204,997.

40



0050/ 45189 3 Li gand effects of the

r hodi um'c eaction of butadiene wth am nes has been investigated
by Baker gﬁgb{laﬁjlsgay (Tetrahedron Lett. : 2773 (1972)). EP-A 176,398
reveal s the suc

t he presencls-gﬁf‘ f?%"r%ss?fl Ié'?&q\%l E&%r@&&na a gt‘gaﬁt%ﬁjr\%%etﬁﬁ "

5 case are beeémsinhvastigatail by Baker el HallidayniTerrehedrbn (IMQGR/V 73:1(1‘&9;72)])01??-408
(1990)) make7Bbed el B sdéce: I%aéﬁéﬁ‘B{' Sobirftlary WRIRGS Wi F.3-bitadidif

reacti on of |st£rene w th dine

transition Med ?reﬁ"qes"km M’rﬁ@uﬁﬂ@ R gﬂe tai\@?%i%lﬁatm this
| rl di um f ar case hargy thisulionated cphespﬁ‘hes. Bekanami el al JAnghemCi@m 102/ kms

1511 (1 S fd e o
pr esence of Wé@%’t’aﬁﬁqﬁd Q’\aé‘rémmtg@&ﬁph ckﬁacestag/qbgéce@ 'ﬁﬁg g&gbiﬁgggp |te
| i gands. ThEeagtion of' isqprene yyith @meth\elamm usi ng cobalt or iridium
catal ysts, produces m xtures of 1:2 adducts with 1:1 adductsFor the

i someri zati Sal |yl et

i roady beel 00BN he' Sl rarBitshB, 3 Rrlobin ?%%m?@?@éf!@?ﬁ@e gkl

usi ng basiec chbalbrargieidism fonsuah hydreamingtions. Jbua Babewml (EaChews Seaderkin

Soc (Al e 3 D CARA R pte Vo S

e

presence of € | ch f [191 5‘ i S"ﬁ] 9

sai d heter ogemtmms cantied ;uuts;smgseghalt dreicidiung catalystso producesumixturest off §:2 g

for the I SORRALEEWRR 191 aldubtshBt BRidofdrlztibh B ahyPEmes to dRafireywsbrees
lyble in t h TTE suc ot assi umtgrt but anol at e, have

be N inve¥t O 9&/ 28 B @a&nl’%‘?"?’f%m edron Lett. 2863 (1966)) and

Marti nez (Tetrahedron 34, 3027 (1978)) for the conversion of allylamnes to

b
enam nes. . theeweémapkxtu@vam bge Wﬁ@hﬁi &%igg i @%ﬁ;og&%dub%de
| soneri zat i §AtalyIS sueh ASMYOy ﬂci}gﬂ tott ¢f @l U. Caral. 65, 245
rhodi unt di pv980))nHuberto(D|IGhes. Soc.p(C) tzmaamassanseﬁectsrtheereaa-angement pbed

by O suka e d et al
(el v fom‘a"i%m&%wé‘%aﬁéeg%@aié&s)sﬁf?ﬂgnﬁ@%ﬁé@%& b Hminlint Ay, )
US-A 4,861,890, EP-A 0, 068, 506, EP-A 257,411, and Otsuka (Org. Synth.
EZam&:’eg 1I9g Rpardirem Beesdid Netdrogéneous catahets) m%saﬁéemwemmnﬁ@?eous

e exes I C
enani nes ar é’a%}‘ﬁ@? @'% '58'{13@%1 ﬂﬂ%ﬁ]ﬁ@\eﬁdnéﬁ%g@g@%% on hydrol ysis.
0050/ 45189

2s Strong bases soluble in the orgamc medium, such as potassium rerz-butanolate,
have been investigated by Price et al (Tetrahedron Lett. 2863 (1966)) and
e Martinez (Tetrahedron 34, 3027 (1978)) for the conversion of allylamines to

i

ORI enamines.

s Not only such base-catalyzed reactions but also reactions involving the use of
transition metal compounds are described.

Isomerizations of secondary and tertiary allylamines using rhodium/diphosphine

complexes to produce enamines or imines are described by Otsuka et al (J. Am.
ss Chem. Soc. 106, 5208 (1984)) and by Schmid ez al (Helv. Chim. Acta. 73, 1258

(1990)); Helv. Chim.. Acta 74, 370 (1991)). US-4 4,861,890, EP-4 0,068,506,

EP-A 257,411, and Otsuka (Org. Synth. 67, 33 (1989)) disclose that B,7-

unsaturated amines isomerize to enamines in the presence of rhodium/diphos—

phine complexes, which enamines are converted to their corresponding aldehydes
« on hydrolysis.



JP-A 79/5907 and Qtsuka (J. Am Chem Soc. 100, 3949 (1978)) teach the

cobal t/ phoagby#s189np! ex- cat al yzed rear rangenment of allylam nes. I'n
addi'tion to said conpounds, use can be made of nol ybdenum conpounds
(Tatsum et al, J. Organonet. Chem 252, 105 (1983)) or rutheni um conpounds

T ect i nohge Shane cans st oo ear (ol SertSg {00, S9e. {TGTG), tpach
a: (rjgﬁdes 91:8@{/@%55@3@ CPE‘Hi%?f'%Fﬂwg rearrange(pent oh gllylaguness; ec'l[3 of tlhe .
' 1,0, | d i cal whi ch can be enpl oye
on an i ndus T jadiiiono 1SS ConiPoyrESa e 6An e Made of QladenY ceompUNgS
n- but anol , (Fatsumirakas .I.tOlgaaahzbl‘.leChe}nfESQaﬂﬂﬂ (tmaa)) ormmtﬁ @dl?gdrng’gig -
ield d® RYkAt A | r s
The brocesst it PYBL182; Dodiitic i, £lam CheASHR. 167, 496 BIGERN, o/ \es be

sought -after comrercial products. Furthernore the process should be
fl exi bl e soThe direct singlé-stade ponversion dPallyismiies © that oorAdshORMIG AoEhdes

n- but anol ' i accordance with the demand for these _
conpounds. a‘?’h%ﬁgﬁ%'éggé‘dsﬁ%%‘f’ﬁ' not dermand the presence of a synthesis gas

pl ant or Qec(e‘zsi t at eﬂ:‘;e useggf hi gh qséées_sulre fac;al L;,;ZZ?;,%EMI
2- Et hyl hexaavas thusthd objedt ofl the ppésent ritiohl toSerovie o progess
' . fol l d, by. hyd t t he al"do

i B L e

~-bu ) ma i i © ese
LT St ) e s i S o)
| ncent ; ony 05 308 pebeses SHlid g Jow ok 166 spidy-BOdHICTS shojid fremeehpabecan
be convert esought-zafarmommmiall pmidllc;tFUrmeemnwl'rthé womrfmlgéeqwmmsag
purificati ogg @9,%(3 iﬁﬁeﬁﬁsy\g | prepife -%iﬁ%ﬂagaé{hgdé 76 -utdhol direquired, in

- ! 1

p o0 a0 om0, S e e s sl

R1R2NH demand the presence of a synitwsid gas plant or medessiatbl e’ Lisa st figh' ' ]

I ndependent hucdaaGh il rogen, optionally substituted al i phatic or
cycl oal i phaéri&c raglhggllpég' or aryl or aralkyl radicals or are linked to

forma bridging menber which can contain hetero atons, at el evated

t enper at ur e2-Ethylhexanol is manufactured on an industrial scale via the aldol reaction of 7~

butyraidehyde followed by hydrogenation of the aldol product (Kirk-Othmer,

Encyclopedia of Chemical Technology 4th Edition, 1991, Vol. 1, p 893; Ulimanns

Encyklopddie der techn. Chemie, 4th Edition, 1974, Vol. 4, p 214). The alcohol is

* used in the synthesis of the plasticizer bis(2-ethylhexyi)phthalate.

"\v‘, Thus another object of the invention is to provide a process by means of which 7-
butyraldehyde can be converted to 2-ethylhexanol without intermediate, energy-
consuming purification.

Accordingly, we have found a process for the preparation of n-butyraldehyde
and/or n-butanol, wherein

a) 1,3-butadiene is caused to react with an amine of the formula I
35

R'R2NH 1,

in which R' and R? independently denote hydrogen, optionally substituted
aliphatic or cycloaliphatic radicals, or aryl or aralkyl radicals or are linked to
form a bridging member which can contain hetero atoms, at elevated temperature



0050/ 45189 6 and under super at nospheric
pressure ba5by35p§§sence of a conpound qf a Goup VIIIb el enrent and
in tthe preésence of an alkali netal am de or a basic netal oxide to
forma mxture of ,the adduct% of the fornmulas Hb 5 Lééé% f and
1] 10 b) and HNdgE AYPeratmospleric prassuse In the, pre of & gompoung of &,
adduct 11 is isGreup ¥EHbialerhént and irethecpreisence ofiagealkalimetal amide or a basic
het er ogeneous { i ixidtd il a IRIRYbf ) dldtiths bF i Rrinufg  phase or in

t he presence 0 erogeneous catalyst containing a transition
nmetal elenent in t he gaseous phase to formthe enam ne of the-
formula I'\é 20 [err] and n- but yr al dehyde_and/ or
n- but anol is/are produced fromthis enm 'WR(% 25 the reacti

t hereof with hydrogen and water or water only in the presence of a
honogeneous or het er o@@h&dus transition netal element catalyst in the

|l iquid phase or in the presence of a heterogeneous transition netal el enent
catal yst in the gaseous phase and in the‘ﬁhesence of an acid or inllkhe
presence of one of said catalysts and an aqyRittR2and the amne | is again 30
| i beratedy and the liberated amne | is recycled to the stage defined above
as partial reaction a). We have al so found a nethod of using the

n- but yr al dehyde_synt hesi.zed.by the oce the invention for the
pr epar ation%f Q%?%iéﬁdﬁﬁgmgﬁ?dat"&h&%@c? 35 the preparation of
2- et hyl hexanol . The process of the invention for the preparation of
n- but yr al delyde d - Qut ey tiku ogﬁgﬁﬂ ofgff gu dﬁﬁdé
reggtions a)mt ot .é%ug@rgac'tgi gﬂﬁ%geaﬂrdh%‘;é_@gq bg.ecfaﬁrllge(r:.l1 OHt nébl-xs or
i ndff vi duaml y, s liEtasegenaous, ransitign metal el alyst inye liguid phase opn e
si nul taneousl y presense uf eheteragensoas gtalystcontajningaaitraiisitios avetabgipivient in o
the reactions ajngdsdiis gHasdth $omf Hiehdifine oMb iGARLIATVOT the adduct 111

to the
NN NR1R2 v,

and

d) =n-butyraldehyde and/or n-butanol is/are produced from this enamine IV by
25 the reaction thereof with hydrogen and water or water only in the presence of
a homogeneous or heterogeneous transition metal element catalyst in the
. liquid phase or in the presence of a heterogeneous transition metal element
'\-; catalyst in the gaseous phase and in the presence of an acid or in the
presence of one of said catalysts and an acid, and the amine I is again
30 liberated, and the liberated amine 1 is recycled to the stage defined above as
partial reaction a).

We have also found a method of using the n-butyraldehyde synthesized by the
process of the invention for the preparation of 2-ethylhexanol, and a process for
ss the preparation of 2-ethylhexanol.

The process of the invention for the preparation of n-butyraldehyde and/or n-
butanol is thus composed of four partial reactions a) to d). The reactions ¢) and d)
can be carried out individually, successively, in at least 2 process stages or
« virtually simultaneously in a single process stage, as required. The same applies to
the reactions a) and b), in which case the isomerization of the adduct III to the



0050/ 45189 8 adduct Il in accordance with
partial- r i takes place follow ng recycling of the adduct Il to
t he proceggg? ggéé?nvol ving the addition of the amine Rlerr]Rerr]NH to

et bR a8t W S b6 b e B il ek b
peranet ers the adtectsiipito the protesshstage\involving the additisroobthecamirier RIRANHto
exanpl o by N SRaNBNY copburrefly W] Ine dydidh Ridetieh<idrinolt ¥ Baitifl redglion
e oy b iy e Paie s, 8 SiPIS stk iorAdILSE The Profess perAmslars foL the
SL age" | ts.ypmbe'ss bhithe 1z:sirmuénintimt itorthbolocal jconditionsi at, thensitéiwhereny planbier of
the reactio r

bl ant - unt E3rriing Gt the t8E5ee 18l to aRaffthe' by Thteratibiake tnft alrdady
occur in paPEesent at thesite inthesysten) sequired fog the pracess of theinveption. The
hydr ol ysis or the conbi ned hydr ol ysi s/ hydrogenati on of the enamne |V
defi ned ty ! | w b l : | kNe t N

appl 1 cat | on THeclBn (EFACASECStphe" I undhl F g anPliGigH fiF & btk Splt ik Whith ey
used i n awponatofithe reactions aktordidnkes placgroveydhe catalystis) employed injthis plabt
exanpl o, 1 nonteen il Whicth AUmbBE, paichlerl MUl Gf thess reactonky opeurin paralel
partial r eaWFBﬁ?‘E) caws?h'és%d? ot jRlany, uﬂv'd(r)r eﬁ‘ﬁﬂ@\?gi%fortﬁp gﬁbﬁ?&%& Y%
t o n- but yr alhydrolysis/hydrogenation ©f the enainingeTV defined ap partial reaction d)os, w)less o

that no. otr bersies bibled AN Ad0R abn! &t Bftored 966 e hdividid) fodttin. oan be

ascertained, this application 0 e execution of the reactions c)
and”d) as™eing in a 'single process stage'. A unit can include both a
si ngl e reactbtheacatalyshuséxkin afplant- initer ifesacthoofsthevéatalystsr used inl &plant uhitigie
sane or, ' L{.f.e t ; I i
rode of operappOS Y. datafizgs lidlr 48 Rakib cAAMiANE 3BAARIN, fr oREm R The
pressure congAmerizationmf thgaddyct 11 g the-enamine, )V de % Partal geaclion.¢) and
t Ee liquid phetwydrolysis or Hydrogsrationsof theaérdntive IV topebatyraidehyde aad/orce d
pnase usin u O (0} I
0% o1 1'oud SRtAl FarRBl e ol Pedhlon®d). so°fiat Al et S spgafivn & thsse
'reaction i meactionsgndhe unitcan be ageertained, this application speaks elitheaxsicutionof
react ]QF S caihé Y?&ﬁiﬁs%»?ﬂd)-&b'b@hgﬁ\h% %Wbmmbftﬁigﬂmitmﬁcmdé both
specitlicC re on oL | ese Qr S, ar .
oper at i onal ang@p!e ’eaci‘?rea'b‘ﬁ g‘cﬁ%@"é?%& I‘éﬁ‘nﬁ\%ﬁ?ﬁ%ﬁ% 'tceﬁ'@ée‘ij%e@%esﬂ?
detai | bel owr, optionaily; Hiffepeniceatalystsagnd dre vperated-nitbesame pwdecef operation t
wth the ggng diderth&lsaiid bFdifferent Bnipttaiis aRbqsreSsurs conditions! BR&noaeong
to equation 1} . . . . —_— .
o&:a ation' we mean operating either in the liquid phase using a homogeneous
. catalyst or operating in the liquid phase using a heterogeneous catalyst or
\ « operating in the gaseous phase. It follows then that this application will not speak
of, for example, a ‘reaction in a single process stage', if in the individual successive
= reactors catalysts are used, which are capable only of catalyzing one specific
reaction or if these reactors are operated with different operational modi.

The process of the invention is described in greater detail below:

s In the process stage a) 1,3-butadiene is caused to react with the amine R'R2NH I
in the presence of a catalyst according to equation (1)

jyst - 1
2 + HNRR2 2 ~SNNRIR? 4 /jngz "
40
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[err] 0050/ 45189 7 to formthe nono-adducts
of formul 489g9! || and, when use is de of a primary am ne or

anmoni a, @ﬁ PZr?hgg formm xtures of d|723ducts'and tri-adducts and al so
to forn1te|oners In the resulting nono-adduct Il the double bond can be
present in both the cis and trans fornms, but this bears no rel evance on the
further 5 ctarfermdhet monpraddicts ofhformtiasc ik and Hhand, whencuserisdade of a

dependi ng. ofyjrfy anfifar é?ﬁm%%&j 15 HEfier RO of tSAHARY B bt vaddicts

| t t
L et ot el i fos Lolomers, dn the zesuling Shciocaddust f e doidhia bond can be,c
process. Anpresent dmdotivthe pisi amat sraanfbrars; butithiy bearsire relevahee oacdtiie furthee

ami nes San, §80f, B 'WaPBrooke IrhbcaAlol ' A8 I1FERS orridd Bbsiiding 3 b ©

radi cal s are, atrc r

particul ar (ﬁ%ﬁtm @@'F?"%Iak‘ﬂl catalv&tw&aqi-sge@ﬁfaﬂmn @ mala Eatio °fefEﬂ"@a1 § t%md
al so cycl oalkigyi. radicals, in particular (err]- Cerr] cycl oal kyl
radicals, and CJerr]- C[err] cycl oal kenyl radicals. The non-cyclic radicals
may be linear or branched. The aliphatic radicals can carry substituents
Which are  Theciaturmebthe astiee RIRENE dsemployed indhetrpaetion isonel usually ofucisl

two such suipst tHeUpricess. AfMGia Hndobothprimany n@[débbhd minea! &g be UsedPS

ndopendant TpecHags; G Keffy Bum&erLBrcgﬁé‘%b Podiesls ] Ln&%?ﬁfﬁﬂs kel

as phenyl, ,cthemfpre.gplmhptac radicals surmsasmlk;ddaﬂ;cals;entparuculaacq—egb alkyh
Zfeqafa;(r)] Sﬁiﬁg{b Is2hiid 'c,-6 hik)éh ﬁgi% drHIS5 Egﬂéhlky alls.qa?fa cuﬂér”tky'
AR err] g CyPlall s &vs&%ﬂ@s@nx radicals, O naEopeTe e,

ni t r ogen- Gomay be figear oy briinéledufme raliphatic ratljcalg @nocarry substitdents wWhich aren 3
to 6.  Thedy Gﬂh@ﬂtﬂ@&?f% @%‘of;ﬂiét @a%pﬂﬁta&i‘r’e? HF E\u&%uemé%&mﬂéms
ura ur or.°be

ni trogen. |t TRy Sa an ar ona
fing. In ad@xemples pf 2 E~Cra AUKORY SRS, D OF O A9 YUKy rgups
al kyl grouphe radmm and BPe'mag} al@bﬁndépdhdehﬂybmd fonapyl groupsy efe:amye -

P Rdependent R;o Y 5068 s, Dl CWnkch, BT drBlbs thay Pectibentfib %&%’1 joals
al kyl radecgugh ag €y7G, afkyh.rAralityt sadicalsa preferably &,-Cp e arglkyl m Rlsey syl l¢<y|

radi cal s. ass{hgu{@hmmeam@tlst of am nes which can be used in the
present invention, given by way of exanple only: 35 Met hyl am ne,

et hyl am ne, n- propyl am ne, isopropylanm ne, n-butylam ne, iso-

butyl am ne, Thesadicals Rirand R2imay a&otl;a linkadto fosyR:briggingimember se:-aa o fam
butyl am ne, anm%g&hf’éﬁrﬂﬁmmy;m# al'hé"ﬁumBeﬁbWﬂldtﬁ y|a?6ﬁ1§% pr&térabi/tr Bﬁn :B‘tcS*Bt -
hexyl am N 1bndglng membe Xn cont\é%naﬂét%ro a?omé/ siich as oxygebnugﬁa Ai l e

be saturated or unsaturated or be part of an aromatic ring. In addition, lt can carry

-, inert substituents such as C,~C, alkyl groups.

Ammonia, C,~Cg N-alkylanilines, and amines are particularly preferred, in which
» the radicals R' and R2 independently stand for branched-chain or straight-chain C,-
Cg alkyl radicals, C,-C; alkenyl radicals, or C,~C, cycloalkyl radicals.

The following is a list of amines which can be used in the present invention, given
by way of example only:
35
Methylamine, ethylamine, n-propylamine, isopropylamine, n-butylamine, iso-
butylamine, sec-butylamine, tert-butylamine, isopentylamine, 3-methyl-2-
butylamine, n-hexylamine, octylamine, 2-ethylhexylamine, decylamine, rert-
hexylamine, 1,1,3,3~tetramethylbutylamine, allylamine, 2-butenylamine, 3-
a pentenylamine, hexylamine, n-heptylamine, cyclopentylamine, cyclohexyl-



pent enyl am ne, hexyl am ne, n-heptyl am ne, cycl opentyl am ne, cycl ohexyl -

0050/ 45188050/45189 § am ne,
nmet hyl cycl ohexy?am ne, cycl ooctylam ne, cycl odecyl am ne, benzyl -

gfn ne, 2- pgleg%/%ﬁ% ﬁ'@éﬁﬁﬂé trpé)rﬁ%ﬁge% I am ne n| I Iyr?arhmte?lllnjérgzlype’
2- am noet hanol , amingi2~ phenylethylamirs, ﬁﬁanKypthxdathylammpammd, toluidine, 2~
2-am nobut anol - évet?IéFﬁHMﬂyﬁrﬂﬁte Wime thgvl mmoﬁHMiﬁ%BeF—Qimﬁbe?ﬁﬁwl FoARR

di i sopropyl am ne am ne
di - sec-but yl ani B 'Eﬁ‘:lnlsyﬁﬁmq’m“pﬂ“? sgpgﬁ?m"éﬁhﬂﬁ'%'dh Qm@tbylamme. di-
am ne, di-s2-et hgthylanmhemdtez-pnemamuﬂé;udbs pwamineetdnyhbbutylanﬂm,e diigobuz-

met hoxyet hyl ani @i’arapnce%fi}gée ;m@anm tﬁaﬁ. e ¥ ALY diSh-Hbxyi-

met hyl et hyl am n m ne an| e, dra

di-n-octyl - 10 amingy ¢iz2-glhy ?%lﬂﬂwtanmﬂ@e hyloyiylamjne et wlamlne. di-2-
di al klyl Sm ne, nmethdXye twramine. n-methylgyglohexylahlineé, rrw—bww:mnmlamme, n-

rrol i dine,

DY i et hyi ror BElbtFtaring By IBbBiarlres - ayBRfing, diamyaminenfi-groctyi-
pi perazi ne, 1- c2MNGigkvinmethylaming, 2-butenylethylasise dmlvylamme, n-methylbenzyl-
ﬁe)?:ag; ?21 Pgﬁreg:oamm allyimethallyldmitie? gwdim wermanmﬁwmﬁeme morpho-
transiti gn net a Ig'ﬁeai'ﬁ%@iﬁ §ng1 d"H@é%??gﬁ'ﬁ'\?"M'BEQ@@s lf'qyr{i"‘?:l‘)’az‘?'t)r
exanpl e, conpoupiperazingal +elhylplner¢ﬁlm.l pwazolneﬂlylangdmneuhﬁ-dmmpmpane,
iridium or str«mi oﬁﬂ&hﬁ:ﬁ@”ﬁ%ﬁ&ﬂaﬁ&ﬁmlgﬁe%ﬂ 2l diethylene-

al\c hol at es, ﬁ_ hydrotal Ci t es I'n & process of
t he’i nventi on t F@MB8iti on of the amine | can be effect ed by neans of a
cat al yst honpgeneously dissolved in the reaction medi um or a

het er ogeni z dlah?é"ﬁﬁhibb?'&f 'iﬁ%itloﬁ' telé‘rﬁéﬁﬂ %‘ﬁhl lﬁ‘éé‘r@k&%@ﬂﬁhr@c%sﬁ%d’d ns

a Goup VI enent such as m nic
rheni um coB#l for 6¥amp |QBWP Bﬂ@ jum, platindre, “K’lk@Le'ThOdlum cobalt, or

Advant ageou:ridlumt beswonglyrbusla cmnpauwds suchhas metalt &hides smetal rdi¢cholates yaridhe
pal | adi um, catal ysts, are used in the formof their conpl exes

with, eg, pﬂgspﬁlneégo | i gands, 2,2'-bipyridine ligands, or 1,1
0- phenanthrollne | agands, such conpl exes bei ng honogeneously soluble in

é |h1?f (ra fgrc]: i o ondlemnodmehhef mangmsefofttm mven:tubhethélamntmnl @me driineer cat
0- phenant hfgg ﬁﬂé'ﬂg hﬂa'ngg'hs é’é ﬁsgﬂa%* CHOE'EO iggi S&QIX%I 'me?g l'?ﬂ(étlon
G oup VI meslivt ar sa heteragenized| jrapaitiondmetala elementk catalyst which catglystis
?Ir eaggts h %ﬁfaﬁmrat erau@rrdnng Iregélﬁeﬁtatsachpﬁé tpaﬂudnafﬂ Y;I)Igg@ﬂﬂt ?\cherel Fhﬁﬂi\h‘h“e
phgsphl nes, Iﬁﬁﬁ%ﬂf’ﬁ%’ %Md m' nggigpably Rﬁﬁﬁ‘ﬁﬁ'ﬁ‘l & Eﬁosphl nes, a¥yl

dlphosphlnes al kyl dlphosphlnes and aryl al kyl dlphosphlnes The al kyl

g;:fygr car ;y%ﬁgahl;ge??ggy "éss %Péi‘éi?nirﬁ?a? a@ﬁm i e%mculas?p%élpa%amm !
group-carryf® é Fgé'ﬁﬁ?'dﬁ'ﬁ ?ﬁ@"@éﬂéﬂﬂr 'P'@?‘%?uw' » €8y PhQgnling
aryl gr oupnsllgmds.uz;a'r-blpyyldiﬂeehgands, or 1,10-phenanthroline lagands, such complexes
being homogeneously soluble in the reaction medium. In the process of the

invention a large number of different phosphine ligands, 2,2'-bipyridine ligands, or
1,10-phenanthroline lagands can be used for the purpose of complexing the Group

VIIb metals, particularly palladium and nickel. Suitable ligands are both

ss monodentate and polydentate, particularly bidentate, phosphine ligands. Suitable

ligands are, eg, trialkyl phosphines, triaryl phosphines, alkyldiaryl phosphines,

aryldialkyl phosphines, aryl diphosphines, alkyl diphosphines, and arylalkyl

diphosphines. The alkyl group-carrying ligands may contain the same or different

C1-C40. preferably C,-Cg, alkyl or cycloalkyl groups. The aryl group-carrying

» ligands can contain the same or different C,—~C,, aryl groups, particularly the

phenyl or naphthyl group, or alternatively diphenyl groups. Furthermore ligands for



phenyl or naphthyl group, or alternatively diphenyl groups. Furthernore

| i gands faé;? 50/ 45189 9 conpl exi ng
the G ou ?Ilt) enents can be used Whl ch carry heterocycl o- al i phatlc

Sfﬁﬁpspfﬁé?ﬁﬁné g the Gkpup; LS Jeinents el B ot SAUER Saffe, ferciyo

pyrrol fa allpmzcgreup@saalm las pyrrolidine, imidazdiidine, plpemlhenmorplyolmm dxamll—h
pyrazol e, z y | er
S kyl or argloop ?@ o ff'f%bﬂﬁ"e%i'“ﬁﬁg BPBlrBgrdih Qﬁhﬁéféﬁe*@ﬂ* a8 yprdé
unsubsti t ut Wzglﬁbs'm leermmdm-cnu ine, |ﬂ¥é'm' NBd HYrazie, GPA(W'%
condi ti oni Opy%riddzms ofiquindxaliiie groups iogbthem iwitioothey alicyl or asyl igroups. The alkyl
groups. r |
7 gands f or"cabaEuEol fhe R, cor o bl ‘tﬂte[d“& gj%? subguhts Wfigh are.
and ni ckel ,inpr underhgJegstien epneltlonsmmh N nitrgy CV@@B@ﬁ@‘U@"%‘GSt
it is pref eg;roggs_to use |igands which can be prepared i n a sinple manner.
A list of such ligands is given below nerely by way of exanple: 15
trimet hyl phosphi ne, triethyl phosphine, tripropylp hOSFhI ne, .
triisopr opyTheoretically therejaine limit to they updmhwmfnwch igands, fosreaipplexing the
H: Sﬁﬁﬂ)ﬁgieﬂm pSAIL él‘eYtgérrﬂé)e &bticularl alladiﬁ?fahd Wickel, in the process of the
hexyl di phen%vﬁﬂﬁqﬁm ef]PF %%Eb‘ﬁuﬂ’f&f%ﬁfg@" "safbff%wﬁéhswbe 20
phosphi no) epnepaesd irca rsmptehmannphds list absuch ligandst istgiven below prerelyhbyway-
thane, 1, 3-4y @ genyl phosphi no) propane, 1, 4-bi s(di phenyl phosphi no) but ane,
bl\g di-tert- butyI | phosphi no) net hane, 1, 2-bi s(di net hyl phosphi no) et hane,

% bi s(diethyl phosphi ne) et hane, 1, 2-bi s(di propyl phosphi no) et hane,

1, 2- bi s(dii so- tnmethylpbospmmq;hdnﬂwlylphbspmna,e Jtripropylphosphine, triisopropylphos-

1,2-b di but yl
tyl phi)zéh: ng)g ane W‘E | cy]?'%ﬁg)xﬁf&hﬁ‘fé‘%mﬁ@?be" Iﬁgbr?g hmtel"l trlc%(fl?genlrl-
tri- Hehgspbms iayRio xylenwm éﬂmenyiphqsp inerritolyipbesphiae, cyclo-
nonosul f onat e, hexyldiphenylphosphines tdteaphen hmohtemmés d @-bis(diphenyl-

oA 215 C1% ki Mmoo e o
appl i cations, tihane 1<,§3r-btsldlahqmvlpimmbmqaprqnaganué—b@(dnphwlpmspbwhu@aeby

K/gtn\éggginoggl m%nbmsteﬁsb Rfip {t/l(ﬁ)ﬁlbtﬁﬁh%”i"%blﬂ(dtmethylphosﬂﬂﬁn% 2
and pp. 182- 186&2%&@”@'“ @%ﬁ?ﬁ“s 1P :é{ﬁpr@&lpﬁgép}ur@pﬂ%@gm2 R'S(d"s]"

pp. 106-199, Thpropylphssphingletbanel dg2-bis(aibutylphesphinalsthaneph@sbis(distart-duirds

use can mad fa_] n ; _
2 2 b pyﬁ o netyloﬁhobbﬁmbl RESS, 912 bmdlb?iz’lﬁﬁbiéylﬂms hlﬁd)eﬂﬁhé Y saltsof tri

it
substituted or B’F@W}MHR egf?nﬂ Wtﬁcﬁ’rng] @'PP‘?"!'B m it aﬁé\ate as well
derivatives, whagthe bisphosphine ligands dbstribed- in IGPoli 2780 18; Fdwk BN B 1% W One

O o111 o P80)GSTO s e f 1 PRyt Vorp s’ ithesi it i

| d f . .
di phenyl - 1. 10. pienalarementigned patent; applications, 1be alkyl or aryl phosphine ligands

di pyri do[ @, 2a: 2¢ars-be jprneperednby conventional methods as described, for example, in
Houben-Weyl, Methoden der Organischen Chemie, Vol. X11/1, 4th Edition, pp.
17-65 and pp. 182-186, Thieme, Stuttgart, 1963 and Vol. E 1, 4th Edition,
pp. 106-199, Thieme, Stuttgart, 1982.

ss In addition to phosphine ligands use can be made in the process of the invention,
to advantage, of 2,2'-bipyridine or 1,10-phenanthroline ligands of alkyl- or aryl-
substituted or anellated 2,2'-bipyridine or 1,10-phenanthroline derivatives, which
contain the (-N=C-C=N-) grouping responsible for the complexing property of the
2,2'-bipyridine or 1,10-phenanthroline ligands, for example, 2,2'-biquinoline, 4,7-
« diphenyl-1,10-phenanthroline, 4,5-diazaflucrene, dipyrido[3,2a:2',3'-c]phenazine,
2,2'6'2"-terpyridine and the like. Some of these ligands are commercially



2,2',6',2"-terpyridine and the like. Sone of these |igands are comrercially
0050/ 45185b50/45189 10 vai | abl e, eg, 2,2'-bipyridine or
1,1 O-phenant/hrolal ne, or can be prepared by the nmet hods described in

thesis 1 1976 t.. J.. Ch 3, .102 970) . Th f
& oup Vi 11 (VB 5, 22 Ripyiding 1 O5RPBRIIAIDR, OF i5a0:be PrEDARckY bR be
used in t hengthods describedin Symkasis Hir{1836) ohelusiadt Chbry 28¢1088 (49700 be

produced in situ in the reaction m xture or be preforned and added to the
reaction m xture. For _the formation in situ of these c lexes it, is

general to PQF@E"?’F?S ms&@\‘pavllrﬂh nAipmenis, E@mﬁﬁlﬁ&sogquﬁg&u@ and vickeh
el ement s,  aghichiosn béalsed érs the progess ef the inveniton forithe partial re&iction alkesan be
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:ﬁet Eg r?aeelcmichnanmhnme thatocompbunds of tthe Gﬁﬁ;!ﬁevililv%lélitjéﬁ@%g, ﬂiéiﬁha%bls;?e
formed ' Dreierably 6P cRforiest biolboe drS@Bk Yie RS ndss i Al o < ¢
gener al | yo Ramplexncompoungds of theseomatals, sughan acetylanetonales. varhoxylatesient
o ST+ oS Smplered o Gt bl ot s i G Wl caifors.
R ot R ot rzé' fdn 0 41 Aeadion ot ogeiar wifl she FadtioRtise 1Rt aifer Whigh

t he i nvent ithe, complaxessthat candhtcussd inlthe dnvention itpaniial yeactioreakarenforinedphex

catal ysts, tRarrohetomixtur®CiPitis MbtHoY the xing 2gbAl ehe déd frh! ©
o by e, 1 oA e o T
to 5000: 1 ipreferablly feom 2athdo 1tthe, gndmese preferably freeh @et tedeti nuously this

nolar ratio is based on the steady 1, 3-butadi ene concentration in the
liquid 25 reacti he mmlar ratio of a err]Rlerr]NH to

|t - T ¢ ' /

1, 3- but adi SARNYA v ‘%éﬂrﬁr cling otenaddition of ee ammeoeﬁ%,el* @ Teduitadigherdnn
vvn;jgedl It o t1 Sprend?s stageua) lof thetprocess ofithe frventionWhen msvtEis madei ofethieosdid
added to 1,3: n . al.so a
ol vent 5Okl SANET SRl KibbieR. Ralanth Y pARIGNATE PR P?!'%%@L"Z ofipks
i nventi on Catalysts, armplas rptie of 3,3 rhutadiess ta)GreupdVidib eigment of from 100:3 to
1, 3]; but gfll 160,000t 1,0preferaBlyb of fidm lléndf_n B qb@m@mhya?u b &rétf_era'w offebrior e

refera ' 1, S e of_ 1. .
Erbodi ment 490D 50998 2 used. B6h yPher the. Bicsda s arting ol Topfhbciily s
1, 3- concentmalar oration is Hasedqan dthee stsady n1 3-kutadienes soncentrationi dn tthenligyidt he
am ne R eg rgeBefidn Mikduke 1, 3- but adi ene defined as partial reaction a) of
the process of the invention with the aid of the conplex catal ysts

ment i oned above is preferably carried out in the liquid phase. Generally
t he cat al ysfthe malarsatioefiainine R'RINH to 4 8-dutadieneé cannindihisrembedimenti ofitheal

substance ?ﬁcésé'l#w&ﬁdé&ﬂﬁm? (idd BirifCalie s béllahy'ribt critikal.| FoR eXatiiphé, ank"
Hgui @ or a?nsiﬁ\%utsé beo rag}ie(tl ngt -?l{uta\a't\&itene to::aﬁ function not only as a reagent but aiso as
so a solvent for the complex catalyst. Generally therefore the process of the invention
uses in the partial reaction a) a molar ratio of amine to 1,3-butadiene of from
0.5:1 to 10:1, preferably from 1:1 to 5:1 and more preferably from 1:1 to 5:1,
whilst in the case of the continuous embodiment of the process these figures relate
to the steady 1,3-concentration in the liquid reaction mixture.
35
The addition of the amine R'R2NH to 1,3-butadiene defined as partial reaction a) of
the process of the invention with the aid of the complex catalysts mentioned above
is preferably carried out in the liquid phase. Generally the catalyst is dissolved in
the liguid reaction medium used as initial substance and 1,3-butadiene is
» introduced into the reaction mixture in liquid or gaseous form, together with the
alcohol. The reaction medium used can be the amine to be added to 1,3-butadiene



al cohol . The reaction nediumused can be the amne to be added to
1, 3- but adigpH/451890050/ 45189 11 or a
solvent that 1s inert under the reactlon condltlons preferably a
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stirred aut Menghb polifethylédecglycol ether)silass well asdalcoholspsueh asimethanoli or
process 10 Vdg{l\en advant ageously separated fromthe reaction m xture by
distillation, 1 st t he honbgeneous catal yst containing the Goup VIIIb

el enment, particularly pal | adi um or nickel, remains at the bottom of the
distillati oWhen thepratess d¢ carriedout batehwiss) the réactipnsis! generallyltarriedtout yrs t

sol ut an.  NyeehFaff i, THecaditiefs 8 orfas B ahd i BfnBHREE Y i irboks

re-used for reacti ons.
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20 tubul ar thedigh-beilingospiventacthe catalysirssletiomthus remainingsatithe base of the

reactors. digdM aspdratisioat betédiseaddor furlier asactsieus! y recycled during
t I S, process. The anm ne i s advantageously continuously metered into the

attion Mxture at the rate at which it is consuned in the reaction,
such t hat i When ethe/aprscgsss&ruamed out scortinupusly; the: 1:3-hsadiens is introduced,

anot her CO”?rGfbé?blﬂ gﬂhd“i&‘m UndeP r@é&ﬁ@sﬁt@fthé P@% tibYleﬁibktﬁfé bBﬁtaim the

but adi ene ¢

medum | MBS cﬁmeawﬂ%ﬁeemqs& Fosolnd drahaion melsBlemaRESHERR o
to strip thas well asany\higly-boiling solventl The Ireaacbiustadvahtageau‘slqrcanned out ineand

11 which 3 ' t
reacti on e ogrenar ety brTodd PG ofy h'{é?e By, 774, G8scater reacj;h
m xture dur |UT!§’°!‘N¢§°§rb§E@'éta aneis; g@\@ntag dig uking 't?‘b“ PrOCESSf

consunpt i on aminerig adeantageotsly Tontinuoushe miaiehetll into the relaetiominixture at the rate

Rerr]R err] u of
the G oup VI#%??'}WQ '? &&%ﬁ:u l‘{% ’%5% a{)rthé.lf(':i%f dalﬁéygoﬁ%éﬁﬁéle |y
carried out %@lchlmlﬁtﬂ@ﬁé{cms of from 20[err] to 180[err]C, preferably from

50[err] tgs 150 [err]C and nore preferably from80[err] to 120[err]C and

inder aut ogdoRGotpE SirtiubuS emboqir¥s ‘of dne pbtbsd Wt UH, infirRic B8 4.3-

advant ageousdutadiene canchp passedin thecgaseious state through the liquid reaction medium

Y containing the catalyst, whilst unconverted 1,3-butadiene is used to strip the

relatively readily volatile adducts of the formulas II and HI which are formed with

s the amine during the reaction, from the reaction mixture. The amine I can be

continuously added to the reaction mixture during this process, at a rate
corresponding to its rate of consumption during the reaction.

The addition of the amine R'R2NH to 1,3-butadiene in the presence of the said

ss complexes of the Group VIIIb elements, particularly palladium or nickel, is
generally carried out at a temperatur of from 20° to 180°C, preferably from 50° to
150 °C and more preferably from 80° to 120°C and under a pressure preferably of
from 6 to 50 bar and more preferably under autogenous pressure.

« In the process of the invention it is advantageous for the addition of the amine
R'R2NH to 1,3-butadiene in partial reaction a) to use heterogenized complex
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pressure. 49ne effiuent from partial reaction a) of the process of the invention generally
= contains, in addition to unconverted 1,3-butadiene, the adducts of formulas 11 and
IIT as well as, possibly, particularly when using transition metal catalysts in partial
reaction a), isomers of the respective aminooctadiene, which are referred to below
collectively as "aminooctadiene”. The aminooctadiene forms by telomerization in a
side reaction. In addition to these constituents, the effluent from partial reaction a)
ss can contain small amounts of other by-products, for example, octatriene and
vinylcyclohexene. The formation of these by-products can be influenced and if
desired minimized by controlling the type of reaction to take place in partial
reaction a), for example, by manipulating the 1,3-butadiene-to-amine R'R2NH ratio
in the reaction mixture, the temperature of reaction, and the pressure.
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partial s butadiene, then be recycled to the partial reaction process stage a) of the process
of the invention. Recycling of the adduct III to the process stage defined as the
partial reaction a) of the process of the invention causes isomerization of the
adduct HI to adduct II in this process stage and eventually leads to the
suppression of re-formation of the undesirable adduct II1, so that when use is
ss made of this recycling method, the overall balance of this cyclic process virtually
displays only the desired adduct II and not its undesirable isomer I11. '

Alternatively, instead of recycling it to the partial reaction process stage a) of the
process according to the invention, the adduct 111 can be isomerized in a separate
« isomerization process stage by passing the adduct I11 separated from the adduct 11
through, eg, a reactor filled with one of the catalysts suitable for use in partial
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successively in two process stages or successively in a single reactor or,
2s particularly advantageously, as a one-shot process effected in a single process
stage. Both reactions ¢) and d) can take place in the gaseous phase or in the liquid
phase.

As just mentioned, the reactions ¢) - the isomerization of the adduct II to form the

s enamine IV - and d) - its reaction with water or hydrogen and water to form n-
butyraldehyde and/or n~butanol - are carried out in a single process stage or in a
number of process stages. As a result, these process stages encompass the
following chemical reactions as depicted in the reaction equation (2)



The | ast reaction step in each case, ie the hydrolysis of the enamne IV to
n- but yo@80kIB1EO on the one hand or tle conbined hydrol ysi s/ hydrogenation
of the enanine |V to n-butanol on the other hand, can, by selecting
appropriate reaction 10 conditions, particularly by selecting a suitable
catal yst or acid and controlling the anount of the reactants water and

hydr ogen nade avail abl e during the reaction, are controll ea In such a
manner that either the end pragayst n-bu yraI dehyge. gk the nd product
n-butanol is sel €€tYVeINRIRS med—or>t-Har MR R2e sy-g-e*—i-h #esired

products are forned as end product of the process of the I nventi on. i Ve
have found, surprisingly, that the catal ysts which catalyze the

i someri zajion of the adduct Il to the enani neHpA2O; eraNA g ,.[50 wor k
wel | as catalysts for the hydrol ysis of the enam ne IV to n-butyral dehyde
or for the conbi ned hydrol ysis/- hydr ogenati on of the enamne IV to

n- but anol . Thecdasti realction istep ipagdchcoase, iy ™8 hydrolysiscdf thdedamimg 1vftd he

progess Of Butfralduffi) 6" the b ark B¢ the YonfHindd fiydrdi Ry Bfberyig r the ' "

a single proc catal
prepar at i orP"@m'[‘ﬁ e%d’?ﬂ%@to’hﬂmt}ﬁﬁé haad, ean, bysselestinghapproppiateataastion
the  ende mronditivns) particutarly by 2elddting 4 lsauablermawet oPacif ahd eoAtollin a;hé to

the conbi ncneAe 8" #ﬁ%ﬁ%éi#%r e froggil AR aveflebfe, Bup the rfeHon. .
be carri ed agtcaniroligd iy sueb gsmenaekthat either the enthpnoduct priugyraldehydecnrthgi ng

out these remiCprodict nebatandl & §e|eawe| TOTRSE o?‘tﬁét%bdmrbﬁfbf théseﬂWvd desnas

it ceQZ”2?38@@“@?%?%ﬁﬁ‘éﬁiﬁgﬁﬁﬁﬁfiﬂ@ééaﬁéﬁﬁq@% of ff EWSBMRous cat al yst s

are general |y preferred. The hormgeneous catal ysts used for the

i soneri zati t )%Hg

conbi ned hywraorliacve f@ﬁn& e%'QP !yf)%héﬁﬁe caS@ 'Wh'gr{ﬁi?ﬁté and/ or r}%ltlan%
in a singld ghpming Iy, agngeal rWOﬁ‘o eﬁ'r%&@#')ﬂs

el enent corh)dmlyss qidhelelrldmnemmmmdemde@r(iopﬂm Vbdubmed\dhydvolysmi-

conart oy cfoudbA S o BTl AR, MEEAOY, oD "
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reactions ¢) and d) m a smgle process stage, the same catalysts are used both for
the preparation of the end product n-butyraldehyde and for the preparation of the
end product n-butanol.

zs Both the isomerization of the adduct 11 to the enamine IV and the hydrolysis of the

_ enamine IV to n-butyraldehyde or the combined hydrolysis/hydrogenation of the

\~ enamine IV to n-butanol can be carried out in the gaseous phase or in the liquid

phase. When carrying out these reaction steps in a single process stage in the

liquid phase both homogeneous and heterogeneous catalysts can be used. if these

s process stages are operated in the gaseous phase, heterogeneous catalysts are
generally preferred.

The homogeneous catalysts used for the isomerization of the adduct II to the
enamine IV and its hydrolysis or combined hydrolysis/hydrogenation to n-

ss butyraldehyde and/or n-butanol in a single process stage comprise a large number
of transition metal element compounds, particularly those containing Group VIb,
VIIb, and VIIIb elements, preferably chromium, molybdenum, tungsten, rhenium,
iron, cobalt, nickel, ruthenium, rhodium, palladium, platinum, osmium, and/or
iridium.



Suitable catalysts are, for exanple, the salts of these transition netals,
particul ardoso/45qgy’ halides, nitrates, gulfates, phosphates, or

car boxyl at es soI ubl'e in the reaction medi um for exanple, their
Cerr]-Cerr] carboxylates, such as formates, acetates, propi onat es,

oo s hiabib oS B TOCefdrh 5’ ; o shild bf (eS8 “a‘m“me‘é’%’ Atioulary

aLes ol CalfiSi slides. Mialss: BuldRe plkepRates or Caribiates SORBIEE. the reacton

tri 1;] | uo][ Ionretrhetnlmm;| Ioonexampleesthewyeq»@gs ,carhmyla‘tes;osurﬂnmt tormates,cacetates; s,
r f t

f’mt af’s‘a p;?tﬁl?gﬁiﬁ E*é% %et%@ano&ﬁk”?h& xflgcﬁttﬁecl‘.fltr&ié‘éP P@?&aﬁ’% ‘ilﬁalﬁfest rFl’?aﬁﬁn

salts, such &ies MB ﬁU“?"ﬂP%dﬁf example, methanesy P'@ﬂiﬁ&dﬁ"}eﬂﬁf

vanadi um oxsuifonates, maphthalenesylfonatds, toluepesulfomates, cor driflioromethdrresulfon-

hydri d h 4d
Mot gani o ety Gpanags nz%taaﬁf&b@“pﬁéég yp%c‘*&&ﬁteé*”‘%iﬁ%?@ﬁwﬁﬂv#ﬁe% 215,
ammi ne, hal @oluble ﬁn&pﬁ oxyitasids ot thesemelals, particularly theral k%lkﬁ@t%lsalkélme as
the conpl exegarthi metal, hclsenrﬁumnsalts Oﬁucm?tﬁ ammbhiuat)ep lﬁﬁsphﬂnmenhﬁsomﬁﬁ op

oo 1o et Mool SAS: ot hrnctuf 95P ios, bkl Sy B4, of Lettnibl hEe, of

SR i iwlomboer o imeisnmri o
pyri C r ammi ao,

Chose 17 FHOREDBH, RBOSANS, £yahps OF dfino, e aszmi =% Jfp <xablogeR

%CRUCI [ er theseOpraasitipg ARetals mml'{ eneiatmg agmlal[such] 4sCabetylaicbtons] )d[mmmias. for

| (CO h -
R0 (00 (agahie %Megz fothe &:@E” tdimggrs
desi gnat i ng qqeitﬁ ic ac 'et Pﬁ Areas ppfiowieas, bisphosp “es-
HRhCI ( PPh[ erbigpHosphiltes, mpyﬁd_‘nes; ]:érﬁy’?)ldmes,] phunanthrﬁmiesr, B]—h@bkmumolme, crown

o eyt oo @ﬁ?{]ﬁﬂ?\‘f@"‘9moﬁ@g‘§"? Q Fﬁ SFofimetalfy chmegupgs of these
cycl opent aditeangition metal Iﬁlﬂmﬁﬂ@ or exagpl 9: cagpRIy ICOMPIRASHRUGAR VI | ) .
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the abbreviation PPh; designating triphenylphosphine,
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s Fe,(CO)g or
Fe3(00)1 2s
organotrioxorhenium(Vil) compounds such as
C,-C, alkyltrioxorhenium(VI1I),
particularly methyitrioxorhenium(V1I),
s cyclopentadienyltrioxorhenium(VIl), or
phenyltrioxorhenium(VII).

Preferred salt-like homogeneous catalysts are the halides, particularly the
chlorides, nitrates, sulfates, carboxylates, and cyanides of rhodium, ruthenium,
« palladium, platinum, iridium, rhenium, and vanadium as well as the alkali metal,
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their rhenates(1V), rhenates(Vl) and perrhenates. Anot her suitable
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25 in which R' is a G4~-C,, alkyl group, an unsubstituted cyclopentadieny! group or a
cyclopentadienyl group substituted by 1 to 5 C4~C, alkyl groups, a Cz~C,, aryl
. group or a C,-C,, aralkyl group. For information on the preparation of these
&’ organotrioxorhenium compounds reference is made to the processes described in
Angew. Chem. 100, 420 (1988), Angew. Chem. 103, 183 (1991) J. Organomet.
so Chem. 297, C 5 (1985), Angew. Chem. 100, 1269 (1988) and J. Organomet.

Chem. 382, 1 (1990).

Preferred homogeneous catalysts for the execution of the reactions ¢) and d) in a

single process stage are complexes of the transition metal elements mentioned
ss above, particularly those of cobalt, nickel, rhodium, ruthenium, palladium, platinum,

and iridium with monodentate or polydentate, particularly bidentate, phosphine or

phosphite ligands and/or with nitrogenous ligands, in which the (-N=C-C=N-)

structure unit is responsible for their property as chelating agent, for example, 2,2'-

bipyridine or 1,10-phenanthroline, as well as the ligands derived from the said
« heterocyclic compounds by substitution or anellation.



a) of the process of the invention and the phosphine |igands nentioned in
this anp @y i n the description ofg said partial reaction, to which
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O-phenanthroline ligands are 5 those 2,2'-bipyridine or 1,10-phenanthroline
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maki ng use of carbonyl group-containing transition netal
el ement  congiXSarfying OP #id'Fédttions ¢) and d) with catalysts comprising homogeneous
phosphine or phosphite complexes soluble in the reaction medium it may be
advantageous to add an additional phosphine or phosphite to the reaction mixture,
ss preferably the phosphine or phosphite serving as ligand in the homogeneous
catalyst employed. Such an addition can cause prolongation of the useful life of the
homogeneous catalyst and moreover improve the selectivity of the isomerization of
the adduct II toward the enamine IV and the selectivity in the combined
hydrolysis/hydrogenation of the enamine IV to n-butanol and thus the overall
» selectivity of the process. A similar advantageous effect can be induced by the
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The execution of the reactions ¢) and d) in a single process stage with the aid of
the said homogeneous catalysts can be carried out batchwise, eg, in stirred
vessels, or continuously, eg, in tubular reactors or loop reactors, at temperatures of
in general from 80°C to 150°C and under a pressure of generally from 5 to
as 100 bar, preferably from 10 to 60bar. The isomerization of the adduct II to the
enamine IV and its conversion to n-butyraldehyde and/or n-butanol in a single
process stage can take place in the presence or absence of added solvents, such
as aliphatic or aromatic hydrocarbons, eg, toluene, benzene, or cyclohexane,
alcohols, eg, butanols, particularly n-butanol, higher fatty alcohols or glycols,
« ethers, eg, dibutyl ether, tetrahydrofuran, dioxane or low molecular weight
poly(alkylene glycol)s, halogenated aliphatic or aromatic hydrocarbons, eg,
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s can take place, when using a batch mode of operation, by forcing in the necessary
amount of hydrogen into the reactor or by dispersing the hydrogen in the reaction
medium, for example, by means of bubble-cap columns or by means of loop
reactors equipped with nozzles for dispersing the hydrogen. The admixture of the
hydrogen can take place when the reactor is charged with the other reactants, ie

s the adduct II, the water, and the homogeneous catalyst. Alternatively, the
hydrogen can be subsequently introduced into the reaction apparatus, advantage-
ously following commencement of the reaction. The decision as to which of these
modi will be used in each instance, will depend on the catalyst used and the
pressure and temperature conditions used in each case as well as on the design of

« the reactor. Conveniently, the optimum mode of operation is determined in a
preliminary test. Similarly, when the process is carried out continuously, eg, in a



the reactants in the reactor through a separate inlet after these have been
present  gowd/asRgbor a specific period gf tine. 5 If the desired end
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The isomerization of the adduct II to the enamine IV can be carried out in a

& phosphine melt instead of in the above conventional solvents. This mode of
operation can be used to advantage when phosphine-containing homogeneous
so catalysts are used. The phosphine then acting as solvent can generally be chosen
arbitrarily, but is it preferred to use the same phosphine for the melt as is employed
as ligand in the transition metal element complex acting as catalyst.

Then, in the second stage, the hydrolysis of the enamine IV to butyraldehyde or the
ss combined hydrolysis/hydrogenation thereof to form n-butanol can take place using
a homogeneous catalyst of the type described above for the single-stage method.

The procedure described for the single-stage process can be employed to obtain 72—
butyraldehyde and/or n-butanol as desired.
40

The acids used for the hydrolysis of the enamine IV to butyraldehyde can be, for



acids such as formc acid, acetic acid, propionic acid, or diacids such as
oxalic 5qopsofashiggever solid Bronsted agids, particularly organic or
i norgani c cation exchangers, or acetic or oxalic acid, are preferably
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US-A 4,310,440, US-A 4,576,029, US-A 4,554,143, US-A 4,500,651, EP-A
158,976, EP-A 158,349, and EP-A 159,624, and also acidic or acid-impregnated
metal oxides, the preparation of which is described in US-4 4,873,017. Preferred
Brénsted—-acidic inorganic solids are y-zeolites or Y-type zeolites in their H* form,
ss particularly -zeolites in their H* form. y-Zeolites can be prepared, for example, by
the method described in US-4 4,891,458.

When liquid or dissolved Brénsted acid catalysts are used in this partial reaction of
the process of the invention, particularly acetic acid or oxalic acid, the procedure
s adopted is generally as follows: the enamine IV is fed, in liquid form, together with
water, to a quantity of the acid and the products formed are removed from the
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n- but yr al delpreivions processhstage fitinmdhe bpamirie/BV by hydrolysisiat hydrogénatian; avhich
enagi ne |V 4@ rgeftibd 16 thé TRstCrEceEs ¥tdgecsh the!roesss 6P tho iMehtiad inviiving the
chemical addition of the amine R'R2NH I to 1,3-butadiene. Valuable by-products
o Of the process according to the invention can be obtained during purification, by
distillation, of the reaction product, these being the octanols, or the aldehydes
corresponding to these alcohols, formed as a result of partial dimerization of the
butadiene.

ss In another embodiment of the process of the invention the isomerization of the
adduct II to the enamine IV and its hydrolysis or hydrogenation to n~butyraldehyde
and/or n-butanol is carried out in a single process stage using a heterogeneous
catalyst, whilst the process can be carried out either in the liquid phase or in the
gaseous phase.
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We have found, surprisingly, that the catalysts that can be used both for the
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applied te fromw209rio 800€7G,ab the, respgctivermetas andior oxndlc compounds having a
low degree of oxidation and are thus converted to the actual catalytically active
form. During this process reduction is usually carried out until no more water is
formed. In the preparation of precipitation catalysts containing a support material,
the precipitation of the catalytically active components can take place in the

ss presence of the respective support material. Alternatively however, the catalytical-

ly active components can be advantageously precipitated concurrently with the
support material from the respective salt solutions.

In the process of the invention it is preferred to use hydrogenation catalysts in
« which the metals or metal compounds catalyzing the hydrogenation are present as
deposits on a support material. Apart from the aforementioned precipitation
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process 0§n baged amthentotah catalyst Smce these content data refer to the total catalyst
including support material, and since different support materials have very different
. specific weights and specific surface areas, these statements can be deviated
from upwardly or downwardly without impairing the resuits of the process of the
invention. Of course, a number of catalytically active metals can be applied to the
s respective support material if desired. Furthermore the catalytically active metals
can be applied to the support, for example, by the processes described in DE-4
2,619,817, EP-A 147,219, and EP-A 285,420. In the catalysts described in the
aforementioned references the catalytically active metals are present in the form
of alloys, which are produced by thermal treatment and/or reduction of salts or

« complexes of the above metals deposited on a support by, eg, impregnation.



Sui tabl e support materials are generally the oxides of alum num and

titani um 0o56/4 y um di oxi de, silicon gjoxide, kieselguhr, silica gel,
argil l aceous earths, eg, nontnorillonites, silicates, such as nmagnhesi um
or alum numsilicates, zeolites, such as ZSM5 or ZSM 10 zeolite, and

i tan um di ey on of ) Brecipi P calalyils o o es soportad Cariyats e aiop
course pos Sﬁaﬁ%&pﬁe Bt iR [ﬂ'@s’eﬁpgﬂpfm@gﬁt &%% égﬂ? W@%ﬁbsﬂ{t thére?'];’
supports fchowever, $hase catalystsuaredpreferably mmmeg paor tohuse intbetproeess of the
desi red. in ﬁg@{_es of suitabl e heterogeneous catal ysts for execution of
the reactions ¢) and d) in a single process stage are the follow ng
catal ysts#$ pl ati num di oxi de, pal |l adi um on al um num oxi de, pall adi um on
si licon di o8iitable supportadiaterials are igemerallyf thee oxides dofu alusrinunx and: titanium,
charcoal, r ' OoR: m i de i Naat |4 X | r
activated cﬂgﬁd&rﬂ? a'r??ic él_é_ﬂowr?nsfj%ié%h kéé %%I(mf %%ﬂ S\g%'él:dtrﬁglggg?ﬁ(?gﬁm&. &
di oxi de, comgnimerilionites; siliaates. Ruch: A8LMAANPSIYM 95 emmwneﬂﬁ‘emp& zgplites,
Raney r hgni suoh rdse ZSMW50 or SN~ RO ezbolite;r amdlactivated ohancoal. aBrefenred support
activated c . a ed. . 0.0 I,

i esel guhP, “\%‘&iﬁﬁss% At biag, eaffint s, Arcaml Gioxide) BRE ackVated.
zi r coni um deharcoal. It is obpgpuwisedressibie de usennixiures of diffespRtsupRErh Mateials,as

silicate, cf risOfor CRtHIVERS to be Used MM theprovess of tiinvention,df désirery copper ,
pl ati num oxi de/ r hodi um oxi de m xt ures, pl ati nuni pal | adi um on acti vat ed
charcoal , copper chromte, bariumchromte, ni ckel / chrom um oxi de on

al’um num oxExamplsisrofesuitablenhetesogansoussatalysisifor executiopinfithe reactiansiciand
nickel Sulf islfh aSHole BROHSE Waged e irdolionimgaedtalstsbdenur(V ) oxi def sili-
ée?a um ndm OxI de a

con di oxi catal ysts, palladiumon activated charcoal
catal ysts 30 partially poisoned with seleniumor |ead, and the catalysts
descri bed i plabium dioxide 3 paliaiiumusnAakivinany axjde:-Fpalladium 4an  sliicon 1digxideo,

DE- A 3, 904, B@rﬁdiﬁ?ﬁ' gaﬁg@’ %g%é&e,%odﬁﬁi Bn“dctivatid chircOak rRddiurOdn afifinkit A

100, 406. . my b a us to use, I n the process,of the . .
i nventi on, ﬁ&'ﬁﬁof}gﬁ%mﬁho‘3§ igpdde %&W'Mﬁﬁdnﬁhgpgﬂkf‘!—fi‘%ﬁﬂ/‘%‘”%‘?@dﬁti d
centers. zaeheobalﬁ ongsilicondioxideatebait on altmainum bk'Tﬂe, gdrbonyltironopowde, sheniuoh or
Lew s aci ' ) S e i
catal yti cal &c&bﬁﬁ/@ﬁg?gﬂgﬂ%&ﬁe@ C%%@é%ﬁﬁé#@ﬂﬁ@%ﬁ@ﬁ/fg"?%? 40
centers if, activated nhareoalndheniumfatinum an activates char coppar 93\[?4Il guhr,
hydr ogen gr c?pper RSSHi¢S g, co;IJper on titanium dioxide, copperdaﬁ zirconium'r digrideyis
gases, reductlon e r iLye [ : ON.
Thi s appli egPp&f, %qu%ﬁmgﬁﬁﬂ{%%@' §H3§%@%ﬁ? ?@E é@htc Qpﬂ?'n%ﬁ ﬂ‘iHN_tﬁlth
cat al yst s lonite, zoppepor ze;zlite.haammoap@, ﬂa@m&ﬂdﬂlﬁ@diﬁm Qﬂﬂ@em'weﬁhe
;ypgo; Lgﬁ r réﬂian/?ﬁ_nﬁdguﬁ] ?rl;i %ﬁgaﬁao@%r@anr eopPér 'd(l)irérhﬁe,f Qﬁﬁium‘ chromite u;g
Iu W ) 1 U U o | | S
e, Tt Blokeehesinbya,o5ide oy SRETRYR: Scdh dirheil, PRBRAY (34875 ool
acrds. sulfide, nickel sulfide, molybdenum(V1) sulfide, copper/molybdenum(VI) oxide/sili-
con dioxide/aluminum oxide catalysts, palladium on activated charcoal catalysts
= partially poisoned with selenium or lead, and the catalysts described in DE-4
3,932,332, US-A 3,449,445, EP-4 44,444, EP-A 147,219, DE-A 3,904,083, DE-
A 2,321,101, EP-A 415,202, DE-A 2,366,264, and EP-A 100,406.

it may be advantageous to use, in the process of the invention, hydrogenation

ss catalysts containing Brdnsted and/or Lewis acid centers. When using such
catalysts the further addition of a Bronsted or Lewis acid to the reaction mixture is
generally unnecessary.

The catalytically active metals themselves can act as Bronsted or Lewis acid
» centers if, for example when effecting activation of the catalyst with hydrogen or
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Other suitable heterogeneous catalysts for the isomerization of the adduct II to the
enamine IV and its hydrolysis or hydrogenation to »-butyraldehyde and/or n-
butanol in a single process stage are those which contain in heterogenized form
the complex compounds of Group VIb and VIIIb transition metal elements which

ss can be used for the homogeneous catalysis of the complex compounds suitable for
use in this process stage, for example, those in which the respective transition
metal element is attached to a polymeric matrix.

Such polymeric matrices can be resins, such as styrene-divinylbenzene resins (US
» 3,725,489) or phenol-formaldehyde resins, to which the respective ligands serving
to chelate the transition metal element are preferably attached by covalent bonds,
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reaction can take place in the presence or absence of a solvent. Suitable solvents
are the same as those which can be used when carrying out the process under

homogeneous catalysis conditions.

ss As described above with reference to carrying out the reactions c¢) and d) of the
process of the invention using homogeneous catalysis, the water required for the
preparation of the end products n-butyraldehyde and/or n-butanol can be fed to
the reactor together with the adduct II and/or added via separate feed lines,
divided into one or more partial streams, and introduced into the catalyst bed at

« various points. The same applies to the feed of water and hydrogen for the
preparation of the end product »~butanol.
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Recycling of the am ne RIRZNH | |iberated in this process stage back to

the proce¥s stage involving the addition of the amne Rerr]Rerr]NH 1 to
1,.3- but adi elictheadesiredaend preductiis & mixturé @ r=>-butyraidehyderander-butanol awater
that al r eadyngl ﬁg&ﬁ?éo?dar\éﬁ ihttodide Sﬁﬁfleé Qi toh65é Mentioned Hbovearid rélites
Process St tne rats of Jeod of the addiict 11 Stich that the isolation of the two end products
in the desired ratio of the products is possibie. Moreover the ratio of these two end
s products in the effluent can also be controlled by using different heterogeneous
catalysts, for example, by using heterogeneous catalysts which possess high
hydrolysis activity and, in comparison, relatively low hydrogenation activity. This
purpose can be advantageously realized, for example, by using catalysts that have
been inactivated or partially poisoned with regard to their hydrogenating properties,
s eg, palladium on activated charcoal catalysts partially poisoned with selenium or

lead.

The liquid effluent from this process stage is generally worked up by distillation, in
a manner similar to that described above with reference to the execution of this
= process stage using homogeneous catalysts. Of course recycling of the catalyst,
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wat er, when carrying out the process in the gaseous phase, is fed to the
reactor s The water required for the preparation of the end product n-butyraldehyde when

carrying out the process in the gaseous phase is metered into the reactor at a rate
in relation to the rate of input of the adduct II such that the molar ratio of water
added to adduct 1I added is generally from 1:1 to 100:1, preferably from 1:1 to
50:1 and more preferably from 1:1 to 10:1. The water can be fed to the reactor
ss together with the adduct II and/or, as described above, divided into a number of
partial streams and introduced at different points of the reactor. Generally the
space velocity of the reaction gas, essentially containing the adduct 11, water, and
if desired an inert gas, is from 0.01 to 10, preferably from 0.05 to 3 and more
preferably from 0.07 to 1kg of reaction gas per liter of catalyst per hour. The
« reaction, encompassing the isomerization of the adduct II to the enamine IV and
its hydrolysis, is generally carried out at a temperature of from 70° to 400°C,
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where it is separated by distillation into its constituent parts.

The catalysts that can be used for the isomerization of the adduct II to the
enamine IV and its hydrolysis or hydrogenation to n-butyraldehyde and/or n-
ss butanol in the gaseous phase in a single process stage are basically the same
heterogeneous catalysts as those employed in the same reaction in the liquid
phase. Preferably purely inorganic, mineral catalysits are used in the gas phase
process. Preferred catalysts are, for example, supported catalysts containing
Group Ib, VIb, VIIb, and/or VIIIb elements, optionally in combination with one or
o more Group Vb elements, particularly Group Ib, VIIb, and VIIiIb slements present
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t hen hydr ogéntensified byegh intrdduchigithieybactants watenand/ordwydrogen into the reactors
separately from the adduct II at that zone of the catalyst bed where the hydrolysis
or the combined hydrolysis/hydrogenation takes place. The water and the
hydrogen can be passed together to the respective zones of the catalyst bed or
alternatively individually to different zones of the catalyst bed. Instead of using a
combined bed containing all of the different catalysts required for catalyzing thess
individual reactions, it is possible, in this embodiment, to have the catalysts present
in a number of fixed beds, each containing a different catalyst.

Although the execution of the reactions ¢) and d) of the process according to the
invention in a single process stage, eg, by the methods described above is a«
preferred embodiment of the process of the invention, it may be advantageous



separating the resulting butyral dehyde or a portion of said butyral dehyde
and aldgbséygg13§f same in a further sgage followed by hydrogenation to
2- et hyl hexano uch process steps are well known to the person skilled
in the art. Likew se.the. onerization of theg ad | ena e
|V can t akeufieic dariain, " ispamstaness , £6 p8f < outo e drdiidusl tedetiofe 8 Ty
be hydr ol yzisomesization tof thé addyciclido themnamine T¥; the bydrolysis ofhthe enamine IV
hydrolysls/Q¥

L HoRHe BRhé Hydk he%u aldahyierf@ Qﬁut%nbvfiﬁrép|
d n-but Megm ofiy f réhe a‘g Fdin
vent i on’ cBHEDBL AT RIBFPSH § %q%h«?xﬁgtﬂﬁ% 2%tﬂ°§ﬁ } to GArYAN: Bat ane ot
t he enam nethegeamneactions ny dn dhdividaal prueebltsyagﬂ uplﬁwtesomeﬂzmlrtgeeaqut ikto

frt ggteanof1 |dnﬁa ur e?ﬂe%tdn@g Hb"esg QHQW tmjt@lraeaﬁ?ltl?nsoc
and d) are Butyralgehyds, Eﬁi@ﬂgﬂﬂt‘@ cﬂi‘@s 8- Wﬁﬁﬁwza Qi ﬂeb%f‘ﬁ)'e

operati onal sepd‘aungntmerMQ ibutyraidehgde igiual portioncof saudstmmmld

de and

|
oarrred out BoTG e Fafiirta iy %ﬁ&ﬂo@&@ ol figordgaigtn fo2 éﬂraéxam'
het erogen- Sugbproeessastpps are welb knowminithe psrsgncﬁklﬂede!rtmaoarﬂeblkew'se the
hydrol ysi &/ Roirierizatiohi oMt addudr IEfR the @nbitine® IV- Bak \take Pidoelih angeparate

nomogeneous Prorgss,dads B b SATiRe 1y, Ced tief Be. ﬁ@%@rﬁé‘ﬁg-ﬂﬁfgﬁﬂgswe or
phase. Whenfurther i proicessid in parhydeolysiséhydregenatipn areactipn doendhganob ot &

over a nunbgqixfe of %ﬁ?a‘holf Lés’rglg;raiﬂutyrﬁldﬂhgﬂe.p% JuRth8r variahg of thé Nfrocess

di,vi dual
Wkt car al BOROITIL TG M Tyanion Samerises; CAARG.aut dhe TsomertabR ot dhe, Aiduct
and its hydibto/thesnanmine [ rangkitsahydrolysisctoai-putyraldehyde dna single process stage
th t I
for exanpl e™p *“%M%Pﬁmﬁ[%d%&‘{@rﬂ@ﬂﬂ%hﬁc 0 Hbutario( ¥ 8 uRer.
eg, hydrohaPrecessis4agde.sul furic acid, dilute nitric acid, phosphoric acid,
or 35 heterogeneous Bronsted acids, such as ion exchangers zeolites,

bl eachi ng e a h r

to n-butyral JE%FES“‘* Ha?{'?l Féﬂman St’? g'ﬁ?)agrﬁgn(ggﬁmlggyg%gjm rom W?ﬂ%
salt by tFPesERWt%rW'Gﬂ \éﬁr!ﬁi!é) operatpma dnediccan Renpsed in ther indbddual rﬁ"'ﬁ@ess
hydrol ysi s gtagesTFonesiaiplt, tha Iscmosizitioeobthe adduciili ¢ théengmine ' cali bes

5 Teat £ .rgﬁ”% B ¢ §§§t§$[’“§?‘r '?‘ﬁﬁ%%’ibaq'%f#ﬂq@gﬁ?ﬁﬁf‘*’?‘? ver, hBjg0osi- °°
part i al r ea®oudtatalystshdiso the hydralysis of e mduhydrolysw dr@gema;mm@f |V

gpd p'r g i eggd e réﬁaﬁun'@r v ﬁté ncanﬁmaémfdéwﬁa ﬂl—hﬁlahbh Eah Dadatib@out Bitherd in e er

desi gni ng”a?tﬂﬁﬁflphﬁﬂ ug'gprmrﬂ r%(fﬁo'{sh‘éatﬂh@{ﬁegs r@}é’rphéné’éﬁ%%ﬁﬁ’ysﬁ%?w {!\Wﬁ ch
means consi gesedusphase.ngs can be effected. The n-butyral dehyde produced
i _the process of the invention can, after it has
When the individual partial reactions ¢) and d) are distributed over a number of
process stages it is also possible to use, in the individual process stages, instead of
» the catalysts described above, which catalyze both the isomerization of the adduct
*II to the enamine IV and its hydrolysis and hydrogenation, catalysts which can
catalyze only the respective partial reaction. Thus the enamine IV can be
hydrolyzed, for example, by means of BrOnsted acid catalysts, such as mineral
acids, eg, hydrohalic acids, sulfuric acid, dilute nitric acid, phosphoric acid, or
ss heterogeneous Bronsted acids, such as ion exchangers, zeolites, bleaching earths,
or acid phosphates, for example, aluminum phosphates, to n-butyraldehyde. In this
case the amine is liberated from its acid salt by the additon of a base.

The amine R'R®NH I liberated during hydrolysis or combined hydrolysis/hydrogena-
« tion of the enamine 1V is preferably recycled back to the reaction defined as partial



been isolated by, say, distillation, be converted to 2-ethyl hexanol in
known N§HES/4518Y's n-butyral dehyde maygbe converted to the al dol product
2- et hyl hex- ’%--eﬁrgl at 80[err] to 130[err]C and 3-10bar in the presence of

sodi um or potassi u Q0 hydroxide. This .ald Loduc n._ then .

cat al yti cal T8AcH@Y eé"t%f}/c?ygf Hﬁﬁ!&?&?ﬁﬁ"ﬁ{y °a?l§i‘5@€9 8§itﬁr§tp@m§2r@8§'é?ﬁ of.the
250[ err] C aisam@oization ofi theo addyetrBdorthe enamine &V rand ite-hydrolysiscerdts eembinedur e
produced bypidigiRisy Satidhe it 8"hiifbeR Bt proceRs! StePsd Righ \delré6 bfde
can be subj%(je_ﬁatp i zat1 on and , roeg‘fglon in 15 e ‘manner

descri bed at@XRIliy,is @ @"}ﬁ"ém&@f‘ G%ﬁig'ﬂfﬁﬁcﬁ ??4’!% H Q%W'%Pﬁi E}'q ProGess, ofthe

i npurities ipvention, byrwhich means considerable savimjs<can be effectéthe enbodi ment is
preferredsin whi ch the butyral dehyde is prepared by acid hydr ol ysi s of
the enamne |V, as described in detail above. In the, presence of the,

0
acid presenthe m-badyraidebyde pradused in the, pracess of they OB £ Aftar #daSor m
the al dopegii Ggolated -8/, hsdy) edistillstivt, - bé\'¢drvertedi to d2<athyihbrariol iU kpowss

can' be. mani BOPIPE. 1 A-DUliTRiRREY b dafisfien s BIdH Phdauct 2 elfipid "

occurs. Thi 2-enalaat B0Rctocd30Petand 3-10daydn the resence PHsodiviyOF RAtASSIUMS e

2l dol C?L’&L“{“bc DR R e T e or e
: ammé'm%e@%‘#@‘{ ﬂ’aﬁgﬁ) e% apa gﬁﬁ%ﬁgﬁ’%{ ﬁwr&géﬁgpi S oper at ed to

concentratiB
give a high yield of n-butyral dehyde. Due to the w de range of

DS i | | AR rbfrjdi RS POLGESC by e Gt 0n e Inenton i
LR’ best  r eseRieRINGa-bubaidpiye p8n be sdhinsted e olzlionanit hirogendliatlh.
The resul isi the mannér desctibed above and ¢héprodugt candie distilled: tt igalateih fronbthe
conventi Onalmﬁ@ﬁm"%ﬁﬁgqﬁ%@ht“ﬂ pésdtion miturs. €' di ng 2-et hyl hexanol is

effected in @ particu ageous nanner when the catal yst used in
process stage c) of the process of the invention for the preparation of

n- but yr al defrlig eembddinent- isuprefeired sina whictv dhe cbutyraldehidesis prapared 3y acid

(o taRe CM@@W&%@@%@@@ 0 05%rfbod n T KELYS. I Vho TESEREE Bt Y
enani ne | ¥ Reidcpreseatiin the yeaction midiwre.sthece-butyraldehyde ﬁ%lm rﬁaéc@s@rat the
d) is carri aiiopProdictt DeethymeRaZenal. YWhiley it sodesirublel 2 wupbesssathly eedctiort he

"V To 2 et nyfenkiaieyne I8 68 BsBl rodyér, s SRR Gih 65 rholfip@BRE &F
recycling obnsure ihatnthe aldol reactionr prefersntially, accursindhis usuallyo ecassitates
36 sim | fingep rbAior! Bifes! BiifbroRA¥RAVIEE idéMftal readticH conditibns.- Altéimatively,
Process Stzsa?ﬁe aréaction%%@dc?ﬁg Jthé Oak;ol pro%ﬁ%?'%a% %e(é)&{etlér%&ezf %@%h?&l\sﬁ?ﬁ the
o temperature or the concentration of acid over that required when the process is
o/ operated to give a high yield of n-butyraldehyde. Due to the wide range of
possibilities available in the preparation of n-butyraldehyde the person skilled in
the art will have to carry out preliminary tests to determine the best reaction
= conditions for attaining high yields of aldol product. The resulting aldol product can
be hydrogenated to 2-ethylhexanol by conventional methods. The overall reaction
yielding 2-ethylhexanol is effected in a particularly advantageous manner when
the catalyst used in process stage c) of the process of the invention for the
pfeparation of n-butyraldehyde and/or n-butanol is a homogeneous catalyst, eg, a
ss ruthenium catalyst, which is also capable of catalyzing the hydrogenation to take
place in process stage d), provided that the hydrolysis of the enamine IV is carried
out in the presence of an acid and process stage d) is carried out in the presence
of hydrogen as described above for the preparation of n-butanol. In such a case
the conversion of the anamine IV to 2-ethylhexanol can be effected in a single
» stage. Purification and recycling of the amine I can be carried out in a manner



A steel autoclave having a capacity of 0.3 L was filled with 0.50 nol of

the app mne, 1.25 nol of palfadium acetylacetonate, and 2.5
bﬁﬁ Ig%fan% | i gand, and the respéctlve am)unt of but adi ene was then

forced nto th 0.reagtor ction m xt ed at 145[err]C
under tlhe aﬁ'ﬂH@é?‘BﬂRﬂ E'BP& ?O't‘hs @9@%’ "(':' ﬁ{ﬂ"@[l on of thEa !

reacti on, Be | i UI d effluent was anal yzed by gas chromat ogr aphy
( Car bowax 2 r‘Mes slag8.a} cent ages by area based on am ne)) .
Tabl e 15 Ex. Am ne Ligand Butadi ene Reaction Yield

fe:\fgjj[ Vlztygk%%icetsa" tOI N-Ccta- By-pro Lel]time (RIS, R But-4-
enyl am ne enyl am ne di enyl am ne di enyl ami ne ducts 20 1 Morpholine DPPB

706 20 4 .E!QZL}F!Q $ (partial rea&i@n a)) 1 21 11 2 Mor phol i ne
DPPP 740 g ! 72 1 20 3 3

Mor phol | ne DPPE 747 20 94 64

11 4 Pi pestesi rirtorinwe handng a (;_apacltygqf 0.3 was filled gygth 0.50 ngpl of the
12 5 appfo ihef niife, DPIE5 meil Gof aﬁﬂdmm 7é’ce ladetonate, ard 2.5 mmdd of
ig 3 2 ing Bﬁé'lbéfj: arﬁ%ﬁr:res%gwezsmougggf bu glenezbvas g\gn for@eod gto the

25 & reactor "Ehe reaction mirire-was sined at A¥5BEander the auioganopIossure-

bi s( di pheny P s BpLtBRY, RORRBfpletior B the rbacioh, R TLiehemiaBht weB drdilfzed by )

based on am ne, rcenta ea 5
37 ExanPf® @ﬁ’romatsgra%ﬁx gzﬂfgﬂwé?‘ 8o 1% o"'z%ﬂ%’leﬂ'@ﬂes by area based on
[ ki s(di-teraning)y] phosphi no) net hane] pal | a- diumdichloride in 4,36 g (50

mol ) of norpholine there were added successi y 5 0,107g (0, 55mmvl ) of
AgBF[err] und 0,076g (0,25 mml) of bis(di-tert-butylphos- phi no) net hane
and then 2 70 g (50 mml) of butadiene were forced in. Follow.ng a
reaction ti s oﬁ\mﬁeh mm&ﬁ[mfawh@ Reudti Nnous pressure tsmeﬁ/im/i%]ﬁbt ai ned
a yield of 75 % at| a sdlect Lyilt. by, o] 20T Rfta. ©
percent by prga of (3] N)- hn“i%lt E‘%‘e-ﬁé @ %’@%E{ﬂol |1h'€éu??6 %’N'%g{ent ll‘)';ﬁ} ar eaBy'pm
of (1, N)-(blt42-enyl)porpholine, [10 10 |per denylamige aylamingr dienylamine  dienylamine ducts
oct adi enyl nprgholine pnd 3 percert by area{of ipy- progpcts, as det erm ned
by gas chr ot e foPReT] 706> | 20 |97 | 8 64 1 21 T
2 |Morpholine |DPPP | 740 20 82 4 72 1 20 3
3| Morpholine |DPPE | 747 20 94 3 64 1 21 11
4 | Piperidine {DPPE | 736 20 90 3 80 0 12 5
5| Piperidine |DPPE { 510 20 79 4 79 0 14 3
25 | 6|Piperidine |DPPE | 488 10 76 4 80 0 13 3
o 7|Plpropvt oope | 769 20 |67| 3 64 0 25 8
amine

DPPE = bis(diphenylphosphino)ethane
so DPPP = bis{diphenylphosphino)propane
DPPB = bis(diphenylphosphino)butane

*) based on amine, percentage by area



E?aggl(e 9 15 A sol uEi on of 8.70g (100mml) of norpholine, 0.076 (0, 25nmmmol)
o] aca B acac = acetyl acetonate), and 0.35g (0, 875mmol ) of DPPE
was adm XQQEW%#BQ 0.141 g of p-tol uengzm fonic acid and 2.4g of nethanol.
After forcing in 5.4g (100mml ) of butadi ene, the m xture was stirred
for 17h at 100[err] C under aut ogenous pressure. There is obtained a
yield of 96EXamiple 8electivity of 1 percent 20 by area of octatriene, 3
E)irclil)en'z bb%/ gr ea ?)f (3, N%-l(_but-ll-enyl)n}[)rghol i ne, ?4 perg_ent Iby area OL

, N) - (but - 2-enyl ) - nor phol i ne percent by, area oct adi enyl anine,  an
1 percent byoe# §§?U§P"l5§f-%ﬂ 880,25 mmol) pof fbis -tgﬂagetv!ﬂh%hm&@ﬁmp@tﬁ-
(Aosglzzt | Onl diun® -d&ﬁﬂoH fide. Cg? ﬂllraaﬁ ﬁgﬁrﬁmw (nhorphdline yhere wenehaddetsudtessively

: nmo . I
{ri phenyl gnQeli & 803 bbbt W, olayes' (B4t O bista oA iohos-
stirred at phmolusthanergnd tesn2,70 g4&P mao])of hutadiepe v fgreed ina Eellawing a
peri Odt OL Z%dbtbh?ir?e‘gﬁs ORI Hnd avitcRjerroGs pPéssifre there wassebtaitiedva yieldof 64
D enyl ) oy phol i s icon.. et B srd ofFBibne, b Blrcblithi prea ot (3N~
% az chro WEE oﬂ)lﬂphi—?;l;dhmorp elinerZeB aﬂqﬂ!b;y Or?edw?i (# é?;ﬁ(%ﬂ&er%)morphﬂhnq; 10 11
nder a a ; obtadi m 4, Ghies,
wer e ce‘l’ugg tngmpgdéygtarbifn a r:ejh? of .SOIHG&%?MHTT%? of 3{rairﬁign?/)l’-?flosphi’néega
and 1.5g 4odetermi gas ghromatographic analysis. 38  (1.63 mml)
oI_ HR0( Pph[l'?é%;;i;é] CtO over at Eeri od of 542 m;j_n ?_tl I120_[ err] Cdvvi th g g
stirring. ogucts were then renoved by distillation under reduce

prv\gjsure (1 nd a tenperature of up to 120[err] C and anal yzed by
gas” chromat ography. The foll ow ng results were achieved: the yield of

g i kl)l) - g BUTM' A som:t:)bnrmfr BIW0 ¢ {¢00asm8$,of Mprpholine; 0.07610,25 mmol) of Pd(acac),
, N) - (but - 12 : ro Ve .

(onn * ofagl  TRRIEtBhe 9 B .8 X0 i MO iy s wit

(1, N) - ( but - 0-t4 g )ofnprigluenesulforic cagid -and; Mghofggiqtbm- After forcing in 5.4g

(100 mmol) of butadiene, the mixture was stirred for 17h at 100°C under

autogenous pressure. There is obtained a yield of 96 % at a selectivity of 1 percent

» by area of octatriene, 3 percent by area of (3,N)-(but-1-enyl)morpholine, 94

percent by area of (1,N)-(but-2~enyl)-morpholine, 1 percent by area of

octadienylamine and 1 percent by area of by-products.

Process stage ¢)

Example 10

A solution of 3.06g (21.7mmol)} of (1,N)-(but-2-enyl)-morpholine, 0.023g
(0.024 mmol) of HRUCKCOXPPh;); and 0.034 g (0.125 mmol) of triphenylphosphine
s was admixed with 20 g of water and the mixture was stirred at 12 bar of hydrogen
and 150°C. Following a reaction period of 20 h there was obtained a yield of 90 %
at a selectivity of 64 percent by area of 1-butanol, 4 percent by area of (1,N)-(but-
1-enyl)morpholine and 32 percent of N—butylmorpholine, as determined by
gaschromatographic anaylsis. The morpholine was recovered.

Example 11

Under a blanket of argon, 19g (122 mmol) of (1,N)-(but-2-enyl)-morpholine were
caused to react in a melt of 30g (114 mmol) of triphenylphosphine and 1.5g



mol ) of water in the presence of 14 g of 1.4-dioxane and 0.5 g of Bayer
Cat al yst Ep,; £6841 (acid ion exchangery for 4h to a tenperature of
120[err] C ?etwo I|qU|d 15 phases of the original m xture beconme a single

Dy TR eI gk n%fsofféé A T

nor phol i ne pmdmta:me en remowed hysdistiliatippsunder seduepd pressuresktimiber) and
30g (50n) gm Sﬂp@fﬂg%nf)ﬁ %1'mshdaﬁa@mb %'dl*ﬁorﬁa astiy qmtfanéw(ngal-

oo o e Wt seliovaah 58 R ot 505 2o oap oA k.Y

activated o
ni trogen) sagpart feomoSigNE«but-i~eagiimerpholine rtoeotlmrq:rodmtswasﬁbum {selactivity
30[err]C an b%i)chl ng a final val ue of 190[err]C. Follow ng activation
t he gas flow was switched to pure hydrogen. 1.5 g/h of water and 2.75
g/ h of (1,N)-(but-2-enyl)-norpholine were then fed, at 30 atnospheric
pressure, tProdess'staggdy held at 190[err]C via a preheater held at
150[err] C. At the sanme tinme a hydrogen stream of 8L/ h was passed into

t he reactor. Fol | owi ng cooling, the single-phase liquid effluent was
anal yzed oyExampia-tduat o- graphy. At a yield of 60 %there was achi eved
a selectivity of 54 percent by area of 1 -butanol, 4 percent by area of

(L (0t oY g Ry b P ol Wi led i 5, 278,
1 A processmid} of wates inpthezpresencs oh14gt of tudddioxane and 0.5 snobBaxarGatalyst
wher ei n No. 2811 (acld JoP 'ékeRarfge?) fér ﬂﬁuﬁedtéﬁpém@em 1 Do=0. mlmqfquidwe

foroul a |

R o'y Bheses,ahthe original mita,Besams A SRGE-ohARe: G analysis shaued e Yiid
subst i t ut ed ohl7i5paai a selectiyity ofild1ppericent bydireaiof n-butyralde and.G9ypercent

radi cal s or 9ra‘|"?£bf‘ %@@e%gﬁ%&lbﬁo%&ﬁeﬁggﬁcwﬂ can contain

het ero at ons enperature and r super at nospheric
pressure in the presence of a conpound of a Goup VIIIb el ement

and in the precessstagds ehamd dpli netal amide or a basic netal oxide to
forma m'>z<oture of the adducts of the fornulas |1

Example 13

30g (50mL) of a copper¥-on—silica—gel catalyst having a copper content (cal-
culated as CuQO) of 26wt%, were placed in a reactor, and the catalyst was
25 activated over a period of 18 h with forming gas (5 % hydrogen, 95 % nitrogen) at
atmospheric pressure and a temperature starting from 30°C and reaching a final
- value of 190°C. Following activation the gas flow was switched to pure hydrogen.

1.5g/h of water and 2.75 g/h of (1,N)-(but-2-enyl)-morpholine were then fed, at
s atmospheric pressure, to the reactor held at 190°C via a preheater held at 150°C.

At the same time a hydrogen stream of 8L/h was passed into the reactor.

Following cooling, the single-phase liquid effluent was analyzed by gas chromato-

graphy. At a yield of 60 % there was achieved a selectivity of 54 percent by area

of 1-butanol, 4 percent by area of (1,N)-(but-1-enyl)-morpholine and 42 percent
ss by area of N-butyimorpholine.



[err] b) the adduct 111 is isonerized to the adduct I1
t he gﬁg fé éé is isomerized in thg,presence of a honpgeneous or

het erogeng ransition metal elenment catalyst in the liquid phase or 30

in the presence of a heter oiﬁneous catal yst cont ai ni ng Lragﬁté.‘l BRs BEEN

ol oot o oo .. < T g, b

formul a |1V New Glaiths

and/ or n-butanol is/are produced 't orh t Ai s enami ne |V by t he
reaction thereof wi th hydrogen and_water or ter only i
the presencd of APre &ha preparationelygnty, Wﬁﬁﬁ"ﬂ/@r\"?@{tﬂm‘ wherein

el ement catalyst in the |iquid phase or in the presence of a 5

and i 't nd presthoe. of- SEhBHRpeSs TAHSbA 6 [ ac i o ind BT Y orfi ¢
catal ysts and an acrd, and the amne | is liberated, and the |iberated
amne | is recycled to the stage defingdraQve as partial reactionp). 10

2 A process as defined in claiml, wherein the reaction of 1,3- butadiene
W th an amine RIR2NH | is carried out in the presence of a catalyst

conprising an l_nalvld)lt:h B y and oR? aindepengentiyh diﬁmter chydsagenx optionally

rhodi um [put heni um p di 18! opl Inb’rmaralk |
A process{ as defi ned I N Fuatrtrin allphatlc o 16 Halhbn t eaam n ﬁ{‘y‘ used ?

L
mor phol i ne, pi peri di nkadi Qﬁls&* gﬂk&ﬂraiﬂr%rm a /I' ging member ﬁ%‘gaf"n
any of clains 1 to 3,hetero eatmms,hat elbvated terhperature and undepsupemﬂnbspt:arime

adduct 11 and the addy@shiel in thé PRésenteYsf 8%drmpbilfy BR ! GRdup VI element

\/ and in the presence of an alkali metal amide or a basic metal oxide to
15 form a mixture of the adducts of the formulas II
e -Vaw NRR2 11,
® and 111
e 111,
NR'R2

b) the adduct I11 is isomerized to the adduct 11

c) the adduct 11 is isomerized in the presence of a homogeneous or
heterogeneous transition metal slement catalyst in the liquid phase or
30 in the presence of a heterogeneous catalyst containing a transition
metal element in the gaseous phase to form the enamine of the
formula IV
28 NN NRR2 v,
and
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20 reaction a) and psfani ' erein to the adduct 11. 5 A
process aéoﬂﬁ?hﬁ?égi l"m“mmrelﬂ m tg_ 3, wherein I:be__part Lal_reactions
C) - [ hes

SONEBri zat | 6N @ ct®ll to the e AHISNSHERT HAS'BEER)] -
hydr ol ysi s or conbi ned -hydr ol ysi s/ hydr ogenatj on OREPDRcEi)"‘am ng |V
to n-butyral dehyde 25 and n-butanol - are carried out—tm—a—s-hgle

% ocess SL age. d) | 6 n-butpratdehyde athddof nxbutanol is/areqrodueedifroin this énamine
erein the partial r | ; rar t .
presence of a heter og@'ﬁg&}ggéﬁggg' %tthecrgm glnﬁ‘l ﬁ%dr%gn dhd %lg%ﬁywéﬁr%&m A
process as defined i nth@npresenee e homegeneous Hrcheterogenegis  teansition: medak

ﬁ) and d) ar eelﬁﬁfdritedaﬁWst: in tthe liaidi phabeser i in the preseres cofofa at
onobgeneous c . r 0 . c s
o om0t or poly-  etBrogengdils HanSilshfel blEfens it i he Ysici fhdte’
Goup I'b, Vib, VIib, andiivitheppresence aifearacid or ingthe presencef one obsaidd
In apydof f' al ”fhl tocéltalyéﬁaéﬁd ant 86idPand 'thé ahﬂﬁéﬁ'i@'ﬁ%eﬁ%e%, and the I'itieratedf
The. preparati on of h. BT LisdeRytleddnde SAeS R LG 2boyR 4adpartial rdacton &), |
0050/ 45189 a) 1, 3-butadiene is caused to react with an am ne of
the fornmulayl ocess as defined in claim 1, wherein the Reddtion™6%] 3-'itadiene with
i n which 1andAF$'|_n%s gg nﬁjy 8ente . g;o en, optional .
substi{uted al i BRAMIEe & RAJH|Ljsicasriad out i, e Bresengp of 2 Fatalvst, ramprising an
radi cal s or arealkyhkamwl,t or fapylalkyl (phodphing complex ohirhbdiasn ruthérium, nickel,
hetero atons, abaﬁéo‘?x‘!rﬂt ﬁmi#rﬁgae%@{mﬁﬁ_ and under superat nospheric

conp

pfessure in the"presente 0 ound of a Goup VIlIb el enent
ant”in the presence of an alkali netal am de or a basic nmetal oxide to

forma m xt8re Af pidvessdsl defined ih hetaihwrimal Haild 2, wherein the amine 1 used is
morpholine, piperidine, or dipropylamine.

4 A process as defined in any of claims 1 to 3, wherein the adduct III is
separated from the adduct 11 and the adduct III is then recycled to the partial
20 reaction a) and is isomerized therein to the adduct II.

5 Aprocess as defined in any of claims 1 to 3, wherein the partial reactions ¢) -
isomerization of the adduct II to the enamine IV - and d) - hydrolysis or
combined hydrolysis/hydrogenation of the enamine IV to n-butyraldehyde

25 and n-butanol - are carried out in a single process stage.

/ 6 A process as defined in any of claims 1 to 4, wherein the partial reactions ¢)
and d) are carried out in the presence of a heterogeneous catalyst containing
copper.

30

7 A process as defined in any of claims 1 to 5, wherein the partial reactions c¢)
and d) are carried out in the liquid phase in the presence of a homogeneous
catalyst soluble in the reaction medium, which catalyst is a mono- or poly-
dentate phosphine or phosphite complex of a Group Ib, VIb, VIIb, and VIIIb

36 element.

8 A process as defined in any of claims 1 to 4, wherein the partial reactions d)
is carried out in the presence of an acid ion exchanger.

« 9 A process for the preparation of n-butyraldehyde and/or n-butanol, wherein
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NR1R2 [err] 20 b) theadduet |11 is optionalvisorrerizedtothe

adduct s ,,sonerized in [t e
horn)geneogts)s%“mﬁQ ”",IMIMimmum ta:| el ement cat gl ﬁﬂ?% H‘i‘\é‘r BEEN
phase to formthe e of the fornula EPLAGED

[err] 30 d) n- but yral dehyde is produced fromthis enam ne TV by

the reaction eof wt dro en,and water  i,n jhe presence
of the catalyst@ised 13- butadféne s ans%i@/ P@Hb?péﬁ‘@? oéhlf *%"\”I?%I
presence of an acid, 35 e) t he n- butyral dehyde is converted to the
al dol product 2-et hyI hex- 2- f) the saigd al dol
product is hydrogenated to 2-ethyl hexanoF am ne | 0050/ 45189

42 being liberated, which amne | is recycled to the stage

defined as in whiphr R ahnd eR&t independently denote hydrogen, optionally
substituted aliphatic or cycloaliphatic radicals, or aryl or aralkyl
radicals or are linked to form a bridging member which can contain
hetero atoms, at elevated temperature and under superatmospheric
pressure in the presence of a compound of a Group VIIIb element
10 and in the presence of an alkali metal amide or a basic metal oxide to
' form a mixture of the adducts of the formulas 11

SN NRIR2 | 11,
15
and III
N 111,
NR'R2
20
b) the adduct 111 is optionally isomerized to the adduct 11
c) the adduct II is isomerized in the presence of a homogeneous
2§
~ transition metal element catalyst in the liquid phase to form the
\J enamine of the formula Iv
Pay aN NR1R2 v,
30
d) n~-butyraldehyde is produced from this enamine IV by the reaction
thereof with hydrogen and water in the presence of the catalyst used
in partial reaction c) and in the presence of an acid,
3s

e) tﬁe_r_z-butyraldehyde is converted to the aldol product 2-ethylhex-2-
' enal,

) the said aldol 'product is hydrogenated to 2-ethylhexanol, amine I
heet Has Been Reraced
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being liberated, which amine 1 is recycled to the stage defined as
partial reaction a).
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