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0050/ 47333 Preparation of n-butyl alkyl ethers 5 The present

I nvention relates to a process for preparing n-butyl alkyl ethers by
.reacting butadiene with alcohols to give a mxture of 1- and

" 3-al koxybut ene, isonerizing the 3-al koxybutene to give 1-al koxybutene and
hydr ogenating the 1-al koxybut ene. 10 n-Butyl al kyl ethers are products
of the chemfE&P2FAkRAR Of AnButHapdkylvakhensy of uses. Thus, for exanple,
di -n-butyl ether is used as solvent for various natural and synthetic

resins, fats, b e@é“irﬁ%hgi‘&i q:erlg ' 95' liggs? ufé’rl I’??FEQ%TIE? )ﬁe%u%% 5

et hanol t

| ndustrial f‘lﬂ g A= ‘Eﬁﬁsyl Yo Hd? lrrba/ Pﬁﬁgi:ee‘t? Vi °é>?c| BsPVEEV by the
dehydr at i on To&tRT®R%MNG 2B§ %a?lr]iﬁﬁbﬁ‘ﬁ%%%ssl@m?ﬁlm% Hhené-alkeRybuEtend i s
carried out  tof givexbrgllkoxybntenre andebpdregeafatdngf tihe cl-alkagybutanecat al yst s
such as iron chloride, copper sulfate, silica 20 gel or al um num oxi de

(Kirk-O hmer: _Encycl of Chem cal Ed|t|on Val une 9,
pp. 860 1%7’63‘153?; Wyi(ie?%§ers s PTRAVE R qglfgg g}\/ﬁ”ﬁ?g gpedl a
of Industri lave E:h\éﬁ‘ﬁ’ﬁtryy°f5't‘$ﬁ%dlmpén forp|axdEPAC Cﬂl'ﬁb'buigl e@@r ¥er | ag
Chemi e  \Wiusedi a¥.sdllvesds fevcessions hatwsl iand| aynthetidehpding dateit h 25
the aid of hdlier agemtithaeat feaytionsl, epiin-dutyghettae tniided wieihahoies

which | ead tp paeoRdArs %Qgstérf'?ﬁ!l%yeﬁuﬂaf'e&i@yoq’vzﬂ?lé’thyl%t—:ﬁ@@%s% having a
short chain length (Cferr[-C[err]) can be success dehydrated in the
hopogene processes using sulfuric acid or nmet al salts 30

Unsynmmet ri cdindusbuiallyal kiFnebiteyls ether bxampkdeced 2virtuadipxgyetusdnelyor

1- (n- but oxy)hyr @R8ndehylratdbh CHE IBDERaAE] by MareBus pibdedsgesUin afEichoghengs

i ndustry, argaeWSbRME! 'da‘éne@r&H@r %@rbé!x LRAC, 3 PrdOYARRhY &4 ﬁl&ﬁk?@e

oxide or pr opulele Gh s LEGVS apeg) %I.&E%@J %ﬁ%gééngsﬂg,
28 R Bas
rooal™ | 124 go Rﬁo%uﬂfwma%l sfzf% Chner: Spg %%Pecllﬁ’ap FRemal o

hydr oxy corrﬂ‘mhagl?%vgu‘l\r@ EAshiAnaeduBetyd BR-h868 wth dahnyiiley &

hydr ogenat ecsans , aNéwiridrk 1802gciXlmagnve Emcgtaliopsddd ¢f rMadnsaniallO

predonm nant Ighehi 8BePL b thataieies), atchaens.a 10, e P3esaw, waxEesq idemie
therefore S%@&% EOm Pl ORRSE QLRSS fifr arnqrc%&ayageraewaﬂtﬁéx{%mﬁt hers
starting 4qml ‘idrgf‘%et%régeﬁé’%lé all Slgé’tsad'r%)%%ue ﬁ:%%“%aé Ut adi ene s

avail abl e mrpl rawmaerlal no

i ndustriall )Fempﬁgéﬁ‘b‘?ees ﬁ?‘&ﬁ@sge?%rt"pﬁﬁﬁﬁ? ﬁegﬁFWn‘:m FVFEREHIGRS f PBAY
1, 3- but adi erfdcopobstkaiiageacohesl hadrhierddariBorCni febree siesessfully

dehydrated in the homogeneous processes using sulfuric acid or
metal salts.
30

Unsymmetrical n-butyl alkyl ethers, for example
2-(n-butoxy)ethanol or 1l-(n-butoxy)propan-2-ol, which serve as
solvents in the surface coatings industry, are customarily
prepared by reacting n-butancl with ethylene oxide or propylene
oxide (Encyclopedia of Chemical Processing and Design, Volume 20,
pp. 258-274, Marcel Dekker , Inc, New York and Basel 1984). It is
known from US 4 843 180, for example, that dienes react with
hydroxy compounds to give unsaturated butyl ethers which can be
hydrogenated in a further stage to give mixtures of linear and
predominantly branched saturated ethers.

35

40

The present invention therefore seeks to propose a process for
preparing n-butyl alkyl ethers starting from the readily
available butadiene. Although 1,3-butadiene is available in large
amounts and is a very inexpensive raw material, no industrially
useable process for preparing n-butyl alkyl ethers from
1,3-butadiene or butadiene-containing hydrocarbon mixtures has

45
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0050/ 47333 2 hitherto been known.
Reasons for this are both the tendency of 1, 3-but adi ene to undergo
dinerization and pol ynmeri zation reactz ons and the formation of m xtures
of 1,2- and phefepfdusdeh knbiin 20diddoRl ESAGHQNSre THSLIS AUSE LOfiaddlys oghen cal
behavi or i's yf Bep,, 24 PLESACE 0L W8 600) HOALRT 9ubl 500043, 1, the

1, 3- but adi ené o ecule ﬁg T -%ihner. NcycCl opedi a-o em ca

Technol ogy, T#2it10R%)iaNc%h TRe\EPIRAT1PD B MEYAE830 JThidr Wiy &3S TS New
York  1992)in addjtimngeachéoneadiheonanse mf ddiencheniaelabebaviar d8dtheso
t he hy B gyesahcedfitwoheohjitgatdd dohbles bdndeeibeee dgSebubatliane

numer ous pulddieahi&ne(Miifkhovhme: iEnEYelbpediay o¥SeRdh -l @e8hfology)a%tAy

been found Lok N resent b Ms76_6 I hgyl ar Ral 19334
di scl oses a%%léggcf%%ﬁ%n Eie%%'l 5 78Re83 %ﬁ%onyof Sﬁn\cégoho?é ont o
but adi ene t 3 é the al kyl butenyl ethers and the isonerization of the
3-al koxybut - 1- ene conpound. However, a further isonerization to give the

enol et he¥0 tiues 2Re et ibh bhajutdbbhé ahiti alBohyTl egRNALEONY the
1-al koxybut T%fﬂBSénééid}ptofceﬂé'ﬂﬁ;re%gtlaggh%%sq{a'vgeg en descPbda &d €W

exanpl es are_known tor .t.h n on enera a ethers to give

e hydro I
nbutyl al kylMErRAp Punlicatigns JFRopE dn ondtissri8iiy necanls BHorerSy nerel y
nmention t hathavRaguPreR fioapddurt iR itde Presgpthdif@dr ogenat ed. It is an
obj ect of the present invention to find an industrially useabl e,

econoni cat® &rnogiﬁié ar)! %Ba§éﬁﬂ9ﬁ'4bﬂkﬁ{:lﬁéé‘§’ la]ngt Q@éér%%swgcﬁbl{%ﬁeihgt

possible to are these products Ln e n t

sel ectivi ty.a%l’dlel% \Fécf_’ﬁaﬁﬁ ?’htﬁ. Pﬁ?g‘g%xb%é:& 9i¥e 4 @@%& b?/u‘gerﬁtlocess

f or pr ep&ihegsnepdittie AFRPEriAatECs Qb Ehf SoRpkpEERutzg ~ene pForronnd; ng

1, 3- but adi erff®weren, butfaditbae- teonexigahgonyr Gdaebbihe enol ethextiakeswi th an
al cohol of tgiackoinutiat publication. A hydrogenatioRGf the I, 40

wher et he*S adiagabx b2 £6ds C29 -tk Wons 8h&aity landCiss Galdenl, of

cycl oal kenyl group, each of which nay be unsubstituted or
substituted by 1 or 2 (Jerr]-(err]-al koxy or hydroxy groups, a

Cl err]-d er Qnlar ¢l fey mpamplea Sferknpowa] Eoxy |ther Aylydgepanignoett grnenalhy| 45
group, at elavgtedtherpaoagtive mhtglleadkyll guhessures i 768e352, US 3pe@sence

of a Brongf efboaghd 05 4 B4BNEsPIRHVIGCmEAt Forf ¥RRLCXhe unsaturated ethers

can be hydrogenated.

It is an object of the present invention to find an industrially
useable, economical process for preparing n-butyl alkyl ethers

30 which makes it possible to prepare these products in high yield
and with high selectivity.

We have found that this object is achieved by a process for
preparing n-butyl alkyl ethers which comprises
35 _
a) reacting 1,3-butadiene or a butadiene-containing hydrocarbon
mixture with an alcohol of the formula I

ROH I,
40
where the radical R is a C;-Cyg-alkyl, alkenyl, cycloalkyl or
cycloalkenyl group, each of which may be unsubstituted or
substituted by 1 or 2 C;-Cjg~-alkoxy or hydroxy groups, a
45 Cg-C1po-aryl group or a C;-Cjij-aralkyl group or the methyl

group, at elevated temperature and elevated pressure in the
presence of a Brénsted acid or in the presence of a complex
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0050/ 47333 3 of an elenment from group
b, VIIb or VIIIb of the Periodic Tabl e of the Elenents with
.phosphorus- or nitrogen-containing 3 ligands to give a m xture of

‘adducts of the f&H 'Qﬁl @?exl\ént from grou:[ Eirbr,] Eﬂfﬁ]ébf%rr r‘r’&?lgﬁlrff Eﬁ%s F??lg&:{é ned

above, 15 b) ar atl e adgucts ,of . C

i someri zing the %z’gﬁcf)kl {}?e,itf‘}r}ef“ﬁg,%rvgztéh@goﬁh%n}?é't SFyRttEREen-contaiping,; o4
for (a) to give t¥¥@ndadER194ve anBidenre @f aﬁ?‘éﬁ‘ifgéﬁ“ra??(ﬁgquléﬂd%t Il in
the liquid phase in the esence of a honobgeneous QqQr. het erogeneous
transitionsnetal catal yst or i ¥R he gas phase in t presence of a
het er ogeneous transition netal -containing catalyst to give an 25 n- but yl
al kyl ether of the formula IV [err] The process of the present

i nvention thus conpri® slﬁlstages, 30 where the subreactions (a) and (c)

can be carried out, as a matter of choice, individually and in succession

or in parallel or in one proceS® stage. In the latter case, the
i soneri zal®on of t he adduct Ilﬂ to formthe adduct Il according to
subreaction c) after return adduct 111 to the prdddssrstage in

whi ch the 35 al cohol ROH is added onto 1, 3-but adi ene proceeds

si mul t aneousl y with the addition according to subreaction (a). I n

general, the catal yst _used i ne plant unit for the 40 subreaction (a) is
abl e, under the‘%@é@t?oﬁsdﬁﬁg?gﬁﬁﬁg €9yed there, to catalyze both the
i soneri zal®on of the adduct Il to give the adduct Il and the addition of

t he al cohol W) ordeparatifigbilten@diddnets suf tthat fohmrla IS and stTi,ct spati al
separation of t hese subreactions. A plant unit for stage (a) can conprise
45 either a & Nl Rme@dciNd He 3aBLEE d1r ¥nOtnt GRS COPNECLRd1{ 0 aseri€s
whi ch are charged WL b N 905 €81 H 0 knd' aablc®SY LY
20
d) hydrogenating the adduct II in the liquid phase in the
presence of a homogeneous or heterogeneous transition metal
catalyst or in the gas phase in the presence of a
heterogeneous transition metal-containing catalyst to give an
25 n-butyl alkyl ether of the formula IV

The process of the present invention thus comprises 4 stages,
where the subreactions (a) and (¢) can be carried out, as a
matter of choice, individually and in succession or in parallel
or in one process stage. In the latter case, the isomerization of
the adduct III to form the adduct II according to subreaction c)
after return of the adduct III to the process stage in which the
alcohol ROH is added onto 1,3-butadiene proceeds simultaneously
with the addition according to subreaction (a).

30

35

In general, the catalyst used in one plant unit for the
subreaction (a) is able, under the reaction conditions employed
there, to catalyze both the isomerization of the adduct III to
give the adduct II and the addition of the alcohol I onto
1,3-butadiene, so that there is no strict spatial separation of
these subreactions. A plant unit for stage (a) can comprise
either a single reactor or a plurality of reactors connected in
series which are charged with the same catalyst or, if desired,
with different catalysts and are operated in the same operating
mode and under identical or different temperature and pressure

40
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“wit.h different catal ysts and are operated in the sane operating node and
under identical or different tenperature and pressure 0050/ 47333
4 conditions. In the present context4 operating node is in each case

operation i nedtf thibal dipaee phesédt TMREREILNERIIaLEAG NS is iRledch
hEteroge“eouéaﬁeato%&éh&ﬂ Olfﬂ %ﬁ@xff Sen’r&%sga&&% Qpﬁéﬂ’r‘é lbous | thé tgas

phase [0CeSS I npvent |

Getail  beloif Hecsgopepdius SpRIvEY 5, iy sk igpel zfdr 88%%&%' ni ng
hydr ocar bon iR rkher g8 P%aﬁeeact ed with the alcohol ROH | according to
equation 5(1) [err] 20 in the presence of a catalyst to give the

1,4 adduct o) £ 0 I n

t he Of'dh(%rcb% °r es oéfrrrleué% lb k g‘%g:u :{?ﬁreé canggggrzhﬁéelftlﬁe?ng?%:décdasl 1or
trans confr t%n, but this is not i nportant for the further course of
the process. The adducts Il and 11l are generally 25 fornmed in a nol ar

rati o of frora lthgeokap, ﬂ,erleadaage:en drhe butdEidskl88ntoittinky AP&réiti-bon

catal yst &fpjovede is reddied XREN ndlaGRBRAbL A 't USEGdthd U8 LERELIRN 1S

general |y nog crrtrc ror the process 'S posSI 0 us

primary or Eecondary al cohol s, but preference |s gi ven to using prrnary
al cohols. It is possible to use either aliphatic, cycloaliphatic,

aromatic or araliphatic alcohols, with preference beb&? given to usi ng

al i phatic_an rali phatic_algehol s ner al , alco ol s ROH | used in
the proced3 6?§Fﬁéjppés§ﬂ¥-rnVE!nriﬂﬁiﬁf?i s i yrRQLgp the radithl Ris
a (Jerr]-Cerr]-alkyl group, a err]-Clerr]-al ken group, e.g. the
2-butenyl group, preferably a (Jerr]-&Lerr]-al kyl grbuip, in particular
the n-butyl group, a (err]-Cerr]-aryl group, preferably t he phenyl
group, or a CJerr]- C[err] aralkyl group, preferably the benzyl group.
The radic unsub or. substi.tuted 40. sybstituents such
as”dler ] 20448 S pREaRHEE Bl @%dlcxaﬁ ? r%%%”cth roigndn HIEH S0’ car
be used thusferda g&| %r’éfe"dﬁeolls -ad fé’trﬁvp-énelb‘i yido[Ehgy
1, 2- pr opanedi o4+ addu(:t:rlblfs:rmeda ’ah«cﬂqnéplleohmé .caff beoim swithgrcbhel sishari ng
a hi gher nunhedns)fconfﬁgxrfnhioat, Obut Ctiisalisonbe impadtaft Nfoxr dheh fhreiar
al cohol s arecourse of the process. The adducts II and III are generally

25 formed in a molar ratio of from 1:1 tol:3, depending on the

reaction conditions and catalyst employed.

The type of alcohol ROH I used in the reaction is generally not
critical for the process. It is possible to use either primary or
secondary alcohols, but preference is given to using primary
alcohols. It is possible to use either aliphatic, cycloaliphatic,
aromatic or araliphatic alcohols, with preference being given to
using aliphatic and araliphatic alcohols. In general, alcohols
ROH T used in the process of the present invention are ones in
which the radical R is a C;-Cjp.alkyl group, a Cy-Cjp-alkenyl
group, e.g. the 2-butenyl group, preferably a C;-Cs-alkyl group,
in particular the n-butyl group, a C¢-Cjp—-aryl group, preferably
the phenyl group, or a C,-Cjj-aralkyl group, preferably the benzyl
group. The radicals R may be unsubstituted or substituted by
substituents such as C;-Cjp-alkoxy and/or hydroxyl groups.
Alcohols ROH I which can be used thus also include diols,
preferably ethylene glycol or 1,2-propanediol, or triols or
alkoxyalcohols. Of course, alcohols having a higher number of
carbon atoms can also be used. Since such higher alcohols are
generally more expensive than lower alcohols, the use of lower

30
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:45.genefally nore expensive than | ower al cohols, the use of | ower
0050/ 47333 5 al cohols is preferred for
.econom ¢ reasons. Anong the al cohols sentioned, n-butanol for preparing

]9'0; néggtY: e%ﬂ.‘i‘fhoﬁ% Pt b iR ed for I\@:’B\‘xoﬁlﬁéaf?’a%to?zscaﬂm Oy Unedait Bordiage (a),
aroups 15, VATSREE i fEhel B BEREERT QL EAEN ¢ bTTE et di .
parti cul ar of pal | adi um and ni ckel . 10 Suitable Bronsted acids are, for
exanpl e, conwat icasalysts cannbexuskd iing sBagest)d &ordexamplle ssshethdhal ic
acids, e.g% acidyydr0&bm éﬁésaBEdtréﬂgﬂﬂibhcméﬁéi§ fRBRASHRRUPC T8CI $11b and
per chi ori ¢ vify s QX PJJM&&ECTQ& ft ¢hé atid %"&Qori& eg?a&'tq.gl:la rof

nmet hanesul fonl E‘S oni c acl buf era
Bronsted 15 %%]ijtfgl“Wna?)%rrﬁ ar organic or inorganic cat i on exchanger s.
The conpl exes, in particul ar phosphi ne conpl exes, of the transition

et al cat o VsisdAEPEESIAGLARCEE R, 6O ARR,| Bonvenddddaiand M 11D of
the PeriodPc &?%quggfﬁ$%r%n§@%técu{sorsugg §§‘ %hai%’pecrlds“' gk aJ ! adi um

rhodi um pal

or nickel, %’ﬁgq?é’rgpﬁ Urif §§&F1\'/eﬁh‘? ﬁécr ' é’ﬁr T or be
present in he®idob¥AES 15“°rl°f éf:hﬁir tetzaffuorpharichacidy | mathigaesulfanic
general |y prapat @d dotwenksw]fooit¢hecid, duscposicredlpfl sdiDRrHE86L i n

respect of batiud,hencpisd dalaruseganic ddihdegdiieCceasiswHlichk@fsxs SO t hat
this refetence and the previous literature cited therein are expressly

i ncor porated by reference in the present application. 30 The nol ar
rati o of al cBMIGOrPIenes adifePArEiinr PEPERRERE \WomRLAX@S, ofyithe range. In
general , a notarsitdvhomefalalcashdysts dR@ElisBrdrmeilemenoffrfomogréup:Ib,t o
10: 1, preferai)ﬂy andoyriry dfo the Befichidn@apbé tdfcwhar EYeduffsgr abky from
é-mf;l: (1)yte 0 g Sedtamgi®, 320550 0¥1‘r':|:.@kei_ her@mteaglpmaggamadywmou?wnﬁlm
achi eved erd ul‘on p%'ﬁgeéaebg gzilut%ﬁg ﬁ é’ﬁ&] I‘i&i #Q “ho%fgﬁ %&f‘y di ene
i s gener a‘PJr%FQ?-é(PF’l &y g r&FCFf?)‘?nmf@lPB‘ ?’Sdieerﬂr]e&enbrje‘f HEABFGIFRHIS50 t o
120[err]C, ifogpmrticular from60 to 110[err]C, and at a pressure of 40
general ly 'from 1 to 100 bar, preferabl y from5 to 50 bar, in parti cul ar

from 10 t1g953Q, gy‘gﬂﬁ‘?’cé Qrtﬂgf g‘éﬁ&%fﬂ( qtg aJcJZ: a&hguédéj ay ase
Pq ‘ﬂ

Th
the but Zifén% %‘E}rﬂs&f‘ﬁ? dr"ﬁéﬁ % TRERPTH & Kats ains

t enper at ur e thPeBTOTPRS (FORAALIRNS 5 So FhaE Hhids Seferercedadi bhe. The
reaction tenpxgqmpusellterature cited therein are expressly incorporated by

reference in the present application.
30

The molar ratio of alcohol/1l,3-butadiene can be selected within a
wide range. In general, a molar ratio of alcohol
ROH/1,3-butadiene of from 0.5:1 to 10:1, preferably from 1l:1 to
3.0:1 and particularly preferably from 1.5:1 to 2.5:1, is
employed. The alcohol ROH is advantageously always employed in an
at least one molar excess since a higher yield can be achieved
thereby. The reaction of the alcohol ROH I with 1,3-butadiene is
generally carried out at from 20 to 150°C, preferably from 50 to
120°C, in particular from 60 to 110°C, and at a pressure of
generally from 1 to 100 bar, preferably from 5 to 50 bar, in
particular from 10 to 30 bar, when the process is carried out in
the liguid phase. The pressure is advantageously selected such
that the 1,3-butadiene or the butadiene-containing hydrocarbon
mixture is liguid at the reaction temperature employed. The use
of a higher pressure is possible. The reaction temperature

35
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' 9050/ 47333 6 enpl oyed i s advant ageously
optim zed in respect of the particular catalyst used in a prelimnary
.experiment. In general, the al coholé ROH 1, 3- but adi ene m xture is passed

'5/ t moug]hht f}-_@(\pfl?@é bi@t?iv)é%i:gé@&ls@ty Bpﬁﬁﬂ%dfghofﬁéﬁedgf o efk Qp&ljticluu.aro- 5
g/cmerr]h, fr Iy ; %‘ﬁéﬁ h an particularly
preferably fér)dé:% 85’?0 ét/eo 6'9‘% Bgégln]%rgrnrg]tﬁ e lg‘%éi tion of a solvent to the
reaction m xture i s possible, but generally not necessary since the

al cohol usedrmsgeneridl alichaladabl t(ROH/ L, arshtldikehe mixtwelesdsf pasdedon as

sol vent. TheH:eeuHepse 4ix@8 Bhtilydt bedl 800lspREHY JefodiityadengomTioxour e in
the reactor 45 98NgJald %, orlfdilhy! rln W55 c8NY;4 Bych hlna | 5 dependent

n
on the reactlion. t enper e oved. ? ition of..the
O conol | on BAEBLATLY HIBEAF SRS HEofg 10 19, CadPealotalty o i APSATAPB.E bon
mxture i s GSOLEENBEO jthe REactiqpy QUXRYER 15 tP°is§1H§%alb“tt09§ﬁ%’F%ﬁ/1Y not

t enper at ur esnesiessasy singe tRe[2ledhol useddas weldsssrthefadgunbs all yandess
than 20 b} .11 cdesalssl, funkeidd aeaoilivent garhe aeshdemiaadmei 6h thegas which
is inert undgredhB® ror/EacbueRafeiinik@lse g:-he”!r&é@&?x“,isb%néf@uz?aﬁ I on
gas is  genekahly, useg, gg.éat S 2 rulel NP ReEALPULE cheSz bl Adene, 1t

is al so possible’to use , 3- butadi ene-cont al ni n FoCarbon mi-xtures as
raw mat er i al tePPeTEREE g5fbon nmixtures are forned, for exanple, as C4
fraction in steam crackers. Before they are used, these hydrocarbon

m Xt gggfb%iexégﬁanaaamr s £I§@dalQ{qh%FL‘YR€§ei e €, UbAARBKE or the
(Wi sser el ,Sbl%ra e:gﬂ%ﬁ%{}xs e}angL peh%aéﬁlgbgﬂe e%%e?ESQ%gletdEgF?i J(')Anq’g?gé{
Ver | agsgeselqasscg’gfa?,e' Y riffefAT2Y eﬁ‘ﬁi?yi?e%artgﬁ?s of Aeg8qtRA™ i bt ene.
The 1, 3- but @Rfi%eRePESMEHINOFg IRYRFBEr BERS than 0uPes. ckh desérede thet r oduced
into the ;gmmmibnngésa)ca'mba mixezl miikthr angamedhitb psirimert3ubdémdibene. The
sat ur at ed” Orre¥ztiBA08b R itiiots Y6 HC HikOBGe ) BaRNEhE Nrddtasonhyds opar bon
m xtures \r{}%g,%l}a_h@geuggg dnf3eheshin subreaction (a) are advantageously

the r

renoved fro eacti1on product, for exanple by neans of a gas/liquid
separator or a pressure distillation. The adducts of the formulae Il and
Il obtai nedn pliake ofgmtreon,dfbitrstiend) by dio@dsboposditler e use
subreacti 9 18-butddbendLodntatnpigas@izedarbor MiGicv€es Nes ralvUingterd dqy.l
ethers in 1hg GARGaYEYaisor hexBEl aYe folhedNGol! bxRPAICRY £ SaRreaRTI ON
(a) when usi sF%‘é%ﬁ raéke%‘st?uhggéle{et'hey dPe Txfb%{,eéﬁééé"}ly%’r%gﬂféoﬁrom
subreaction (a) of 't he process o he resent invention generally
Conpr 1 Ses. | ARAPIPPORTLIUACERBCCUSLY SEBERLH Y AP LT LFING BXnOMRr bons,
t he adduct s bdnogarbons present therein by partial hydrogenation of the
30 latter (Weissermel, Arpe: Industrielle Organische Chemie; 3rd
Edition, VCH Verlagsgesellschaft; Weinheim 1988) and, if desired,
freed of isobutene. The 1,3-butadiene-containing hydrocarbon
mixtures can then be introduced into the subreaction (a) in a
similar manner to pure 1,3-butadiene. The saturated or
35 monoolefinic hydrocarbons present in these hydrocarbon mixtures
which have not reacted in subreaction (a) are advantageously
removed from the reaction product, for example by means of a
gas/liquid separator or a pressure distillation. The adducts of
the formulae II and III obtained in the reaction of these
40 hydrocarbon mixtures in subreaction (a) can be further processed
to give the n-butyl alkyl ethers in the same way as the adducts
II and III produced in subreaction (a) when using pure
1,3-butadiene.

45 The reaction product from subreaction (a) of the process of the
present invention generally comprises, apart from unreacted
1,3-butadiene or olefinic hydrocarbons, the adducts of the
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0050/ 47333 7 formulae Il and Il as
wel | as possibly, particularly when using Bronsted acids as catal ysts, a
plurality of isomers of the respecti ve al koxyoct adi ene, which w ||l

‘hereinafter permAfRr redas® rrmust fE1LQd g@gsm@m erp@reus@m ¥teAN@sinkhe
al koxyoct adi g6, dv3.q° 29548, %al& E'ﬂ d| t ,%{E%fakg ds b onto
3

1, 3- butadlene In . .a se r I rst

di neri zes tof Qﬂ;gé'v&f‘ ]f?’ﬂg’r%agﬁ?lbe ﬁ&f‘a be; gREeTtEh Yy
adds to f Pt °8I1F¥B‘Z'§1b‘€% %F@nélk%yé%cftafi?-%?ﬁt W&eaébwqqtaéﬁﬁge i%he
reacti on pbofienned domtbabaddidtioonof ajhec alcahsd RhtIapntgnkblI-bubadienmtia of
ot her by- produsécondaey ee&flon Qat@iidiene 3-buvadidney €hodexdimerizes to

al koxydodeca&ﬁ@r&%at}ggﬂ@c&mb thi GR e tah 08 o1 ROHt Resdps dye&@dg qd orm

dodecat et r aepg_ang sggﬁggﬁg%a{ﬁggétl rt ?Loﬁ,h P %E "B:%

dodecat et r aehe. an, ﬁfg! ﬁ\”f’ﬁ?ﬁ%&’nb)‘/afﬁéa SPnCWﬁac‘l’? ﬁr flucts can

be i nfl uencele&Hd- A% PE8 ?9%
subreacti 48 gByunts @4r prher A-produgls, Eeanprampie OFsabhtRR® of t he

1, 3- but adi eneligylyrdohBCkhe atdldoxydodaeratan epes o sormedbby atwimeriirathen of
reaction m xthéel, mtaaﬂéﬁee tf formtdidc@retiraend amdesabssguetdaliiftion
pressure. éP Jﬁ%? AddHel & é’ t *&&s&%éﬂé&t@tré@ﬂ&'a[xﬁddEQikcBEy%%ﬁh g fhdutyl

al kyl eth epar romits |SQmer, the
formula |11 %\%\ﬁméﬁo B%rgheesn blynpf %crtesac? P on é}u)é%[’ceé ance % 38 m‘ﬂ ely
the sane a‘ﬁnﬂh’fmﬁ?d‘c hg thetay dpi vhih 446 eBh "aarﬁfmn {ad %&%FF%@I eoner
3-al koxybut - forrrxampilej by cehe @hoégei of d-hend, 25butasiiead/alephadx ROHL r2tihe
1. Theieepar &ixicens 06f dudiaabl) | in ddie beaatimmirdgeons) ytheecholoe by
fractioni ng the feaeibantenmiaturbr ona iler paesswre.(a), by 30 fractional
distillation after prior renoval of unreacted 1, 3- but adi ene, for exanple
in a gas/ Izoqw d separator or a pressure distill at I on. In this
fracti onal“ dfBeadductonf the feympledikizeqyissdnfoy preparSmy medetydnaBrdduct
from subr eacethery ds, separatledB-fivonatitenisotenedsalkoxybdtit+erey ofanbeal so

L heir 3dd$ct govilTn thhe, amp&rpllsR&béemciln thaolﬁéddﬂlbnzyir&db@ﬁ’ i koxy;ﬁ ed
y- product s e ol; nREkL SgRan sy eghd rom
t he adduct Eﬁﬁ%%rdatéi Eesess%g)é RY RS lgpgl {ngeneraﬁacrllg éf')?? es'tntde BS url ng
the furtheg Bec%n esérgfi the pr ocesse cbﬁl 7 iCERe be ] é’]st P V?rne pio uc

this st agge%'l‘ffdr éc@%?%%b‘gn'lzyeflﬁ the d| stillation of the al kyI butyI

ether. The distillation can also be carried out so as to separate of f,
apart fromtl@ﬁeaéﬂe%&tathbh,opruaeuéenhpfcatm%ebmmr%é@t;ﬁsl rberfo%éalsyl ar
the ol efinic ﬁ*\g' ERE JB%&% Jdt”%ggm%r%la% Qid ;bgr he

ta
al koxyl at ed 2
al koxyoct 30i %%J,? aﬁ.f aﬁémir lt°ﬁea t%yly% ﬁoﬁ%’&%‘f‘aﬁ 8ﬁegmé‘?aé:t§rdocessed
furt her togeih%ﬂbWMQQ4ePﬁe for example in a gas/llquld separator or a
pressure distillation.

In this fractional distillation, the by-products present in the
35 reaction product from subreaction (a), viz. 1,3-butadiene dimers
and trimers and also their adducts with the alcohol ROH I and
possibly multiply alkoxylated by-products, as well as excess
alcohol ROH I can also be separated from the adduct II. Since
these by-products generally do not interfere during the further
40 course of the process, they can be left in the product at this
stage and recovered only in the distillation of the alkyl butyl
ether. The distillation can also be carried out so as to separate
off, apart from the adduct III, only some of the by-products, in
particular the olefinic 1,3-butadiene dimers and trimers and also
45 Multiply alkoxylated by-products, while other by-products, in
particular the alkoxyoctadiene and if desired the
alkoxydodecatriene, are processed further together with the
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subsequent subreactions, with these by-products from subreaction (a)
formng octyl or dodecyl al kyl ethers ag end products. 5 According to

‘the preferregsfiRogimeat, pf stu'BEe &F@%%b?% I:{‘f‘ons p%?ﬁﬁ“ﬁhééév%ﬁ}t bPaudtiae

adduct 111 arat d fromt ILre B0e nreact e
S Ut ndi on 8 3uBEentelBd 18 rmmajﬁf% °€§f¥&h%ﬁs'% SEnERL SR

of the adduc®Td9uCtfo give the adduct || takes pl ace sinultaneously with
the addition 10 reaction or the returned materi al Ieads to the suppression

of the a%é&fmg 24 A aH}%fHPP&f nﬁ@di‘ﬂgﬁ'@toﬂ lthg é(f% g £ffe USI “9

h | |
but “not 1 {5 PRARAE SveRciah. Ehp gkl &#&3”?%&&%&% SPifed 15

| nst ead of bRIFHFY BEUVREH 3% "'Pﬁeu’é{ﬂﬂ"é“&ét Lo? R ‘%:Baleﬁ% %‘ERilf@ttuFP?d to thg

al so be i sonsebresgtinna(akepderecthe ciomeraeabips odgshe cgddnet Ilpamlmget he

adduct 111 separeatdadtf IDmdkes plldoetsimulthnecgdly fdth2thexaddkéona react or

char ged WlOhrgdrtivameri €@ irdtueabdl Milerib leadtERQ Bhe dsupdrdls¥sbn ast Uhed in

stage (). f1acticiatidy dhne uﬂg%’gltitcetdl ‘;aPﬁg&tt_ Uy 1 €8CLAL: HANCH BRI Ses

the i soneri Z{:i‘h’ on

o)
into adduct 2§ |°1£88T3’ad¥f’éf PFI PR 100, T)];Ydf’gﬁ?’l'flhet dt’?ﬁlr?%ralc t25
processi ng t Fer R PO ob b Bndegised | jsomery; Vé' tife TRXMEE Y10 Ay kotal et her
and returni ngatdreeadduct 111 to the isonerization reactor. The
i soneri za#Pon of the adduct 11l into the adduct Il can be carri ed out in
the presence_or, absence pof a sol vent ef erence 30 i I ven
wi t hout sol vgﬁteal%fs ?h%ezl‘ré%rﬁ? “Eﬁ?ﬁg P Q‘i‘e SuRLE4GtE8, ?91 nt%t ?‘é‘égﬂl#e of
a sol vent, u%%nl%lsgeﬁérh’rqf%rﬁﬂéég in %fseﬁ’ﬁﬁﬂtﬁo}%“}?ﬁ%%%@htsé:a%chchst

et hers, for pxssirge tieeadduadndII sepanatiedt fiydrerdegladdutt dihdhirphglet Hor,
di et hyl eng Oéxdniplef, hyl egctor ghyegéd diltht gh tédnesrizavidémxdadaiyssjicin as

di methyl 481 goxida ar c§§a:§}5tf QBe8sSdIGh 3%a al :9} AF2achi Sty £RE aronmatic
or aliphati C? \{;b\&dff%&r r%"acé O%ﬂ% e hat 'tReO{sofiz(e‘}'I@%chx?o' vents,
e.g. di ch oro Eze %ﬂsol \‘{—ﬁ L V\%?

possi bl e but *§&=a i fes 8R9; séa freHy intg; addi9tati ve

separation ofTtand &F@HEEt Ir'oﬁPFh%x?%ﬁePVzﬁ%ﬁwlﬂGlPEacﬁ‘tﬁthieﬁt o the

adduct s I 5 aprodddsing the Trewlys 6oened addunt oI tive gdvel Koxybdutyl embeyl nt o

t he erwwtana- eaesrnihgalthe sadudtedIDuto gafReligbhyr baxdodi pgadtort.he

di scl osures of WO 95/19334, so that, in respect of the catalysts 45 and the

process procedure, this docunment is expressly. i ncorporated by reference

into the pregﬁﬁnl%ﬂ&SFFE%E*Qﬂ1°f the adduct III'into the adduct II can be
carried out in the presence or absence of a solvent; preference

30 is given to working without solvent. If the isomerization is
carried out in the presence of a solvent, use is generally made
of high-boiling solvents such as ethers, for example diethylene
or triethylene glycol dimethyl ether, diethylene or triethylene

. glycol dibutyl ether, sulfoxides, such as dimethyl sulfoxide or

35 sulfones such as sulfolane, high-boiling aromatic or aliphatic
hydrocarbons or halogenated aliphatic or aromatic solvents, e.qg.
dichlorobenzene. The use of low-boiling solvents is likewise
possible but generally requires an increased outlay in the
distillative separation of the product from the isomerization

40 Treactor into the adducts II and III.

The isomerization of the 3-alkoxybut-l-enes into the
l-alkoxybut-2-enes is also carried out generally according to the
disclosures of WO 95/19334, so that, in respect of the catalysts
45 and the process procedure, this document is expressly
incorporated by reference into the present application.
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enbodi nent, the addition of stage (a) and the isonerization (c) are
.carried out in the presence of up to @0 % by weight, e.g. fromO0.0001 to
20 % by wei gﬂ[&:orﬁ 185eEaPd ref(eE gaoe&%lhgnéo t(er)édtﬁ’EJcEéH &“chg p?a[t i cul ar

fromO. Olto elncrea

yield of t he &}ég’f‘% "’B:df)gnyﬁ\:m)a &% et ﬁgFglec;] om"Tl%e & ESRC °f uP

i ntroduced b§P i% PBN"e By eof -  FPm 070801 (tp 20 t%ob¥c‘79%ﬂhtby95?ﬁﬁqbrlr§ t he
removal of \A‘.élt@r 0f 08 theld dnby exishingad, iaspdrtiguhar wizam @uddohary % I n

t he separabilon wafighlte of ivatemr.s Il and |11 by distillation, azeotropes of

et her, al cohol 15 and water are generall y formed so that return of the
azeotrope conpri sing the 3-al kyl but en)i et her ensuyres certain water
content in st Mpasy ?sl‘?z%teé‘lseﬁoﬁteeri’tl g @En@tealdle?lEﬁ‘Ff?JéﬁyénP“tenYlf
desired, theewesrs. content can be increased further by addition of nore
wat er . The opti mum wat er content i's 20 advantageously determ ned, dependi ng

on the type cat alys rel nar. eri nment. when
asi ng pur e Bl Sen o gpeBoficed B Bl SO ShT o of e ARG o)
from0.5 to t°2(‘~% ¥ REi ‘@}P&ttlngz’Bh? FeFovad OF vatege frem tlt‘ihér°§dduct Il is
cat al yt i cal | gxchangeay ogenka ethasvihse cas&opsry. Kiowhepseparattiongpfethehe

et her of isendrer qul and \LIT bgrdistillatiodb diwtrpgesoehaithet, Oaldddl
adduct 111 tond QfdPelrhgrd- &éﬂéﬁ'al&ikf’érmedegﬁe’éhéé/ &2 rRCof Aid %.Qe@’e'i-oﬁé‘ t he
liquid ph §ec8£px¥1 %Sré‘ﬁ’é y3—a'1k¥é Q@ex%?is RHBSE ‘(Yb}‘“eg Saééé’ﬂ %EE

t t h [
oo enaous SPRtent IR bt RS dus 55 S3ers cOpPRRY 45 Jehere %F?tﬁl%te- gas

phase, 40 het&rdpfdredusthamatest §°%‘?%§“gé‘ﬁérﬁ?l’y“cﬁﬁéﬁéﬁr%&ther bRs
honbgeneous addiliipnt off morehwateyenthe mptinumadhhest cohtent gisve t he n-butyl
al kyl et her a&(;anﬁaglesuppysdeﬂeemtﬁemseieiﬁnmhgacnsltweoaype et aatadgPouUNgs, in
parti cul af ;f&ﬂ’lﬂhﬁﬁﬁ%éﬁﬁeﬁ{ SR exhhpPiR AHenaRsind PURILOYR® ¥ VI,

VI and V11 {HF%mPSGf&EHéé TﬁQLEééHland GmbH Ratingen) it is from 0.5 to

2 % by weight.

25 In a fourth stage (d), the adduct II is catalytically
hydrogenated using catalysts known per se to give the ether of
the formula IV.

cat.
30 A" R +H, cat. NN 0R (2)
II Iv
" 35 The hydrogenation of the adduct III to form the n-butyl alkyl

ether IV can be carried out in the liquid phase or preferably in
the gas phase. When carrying out the reaction step in the liquid
phase, it is possible to employ either homogeneous or .
heterogeneous catalysts. If it is carried out in the gas phase,

20 heterogeneous catalysts are generally preferred.

As homogeneous catalysts for hydrogenating the adduct II to give

the n-butyl alkyl ether IV, it is possible to use many transition

metal compounds, in particular those which comprise elements from
45 transition groups V, VI, VII and VIII of the Periodic Table of
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0050/ 47333 10 the Elenents, preferably
I ron, cobalt, nickel, ruthenium rhodi um palladium platinum osm um
__and/ or iridium Suitable catalystsiare, for exanple, the salts of these
5htraﬂs'tt'0ntﬂ@tﬂle§1en{:9 p@féﬂe&%ﬁ 108, rEBBEiQesnlc'ﬁb&ra{'%enlum?Ul fates,
phosphat es rbo gng| um Tor exanple
their C[errf"t%[éél?lr ma{t ! %ﬂ% 5 ﬁ%{é’?aﬁi&@? Hrigeet at es,

trichl oroacet at es, prop| onat es, 2- et hyl hexanoat es, decanoat es, al so the

citrates, tagiitae, cABADIAS aﬂ‘BLOf@ié example "ediri BaAlles ©f dhewer at es,
sul fonat es? §i-%ﬁ§oﬂﬁﬁ1@@&@ssu|lhoﬁél{=€§cu1ar bﬁé‘%ﬁ%’i&h&@n%ﬁ%ates,
napht hal enes%\k ANALES Rl GRS b &a{ﬁ%a tes dd u&,&go;gna{e esz%gi(g@nat es,

cyani des, uo( al so

solubl e Sal tRedrum nEor example. the Bant-ﬁegecaﬂ%Pﬁr%at% ga EHEARES I Kal
metal, 15 al Reetak@seatrichiarpacetates umronlionatamh 228t a@ﬁﬁtesr
phosphoni um decaorates), oalsd ithencibrastasd,s tasbtatdss madates malonebepl exes of
these el eABnqgleinatear bi CeindiratBe| I swlhéRatha) Osuch aBhmsPRMMSL1EBASEE L €,
cyano or amg h%fSﬁaf"és el héﬁaié}f’esulfs {@&X%%leénéélﬂ%%n%é@%xt Ion

metals with e t|n ents ag ace

ugr anes i% e %}%Eguoréégga eges €9
di acetyl di oxt il Qpﬁ% %’r clY(?ﬁ’ﬂ' tjl O
et hyl enedi an?ﬁ%‘t’}é]tqr&%'ét?’é hexad luorophasphpses i A0 é°éElPJde salts of the
nitrilotrietdamoicidgr efisthese megateasin parmp%b@pmhneslk@nnpm@pmtes
bi pyri di ndS, alleapiyrel dianels, metalpbenamtir Gailhessudh fapdaomywiumol i ne, crown

ﬁ] herstor PObNEEPHONE AR, 28r SHiGal &r @E’Ebc&h%ﬁ QéD@élO%H.ﬁbié CGirfoaauesd of
ese ranS| C

HRUO) ( CO) ( P exes”BE:g? se @ ﬁﬁéﬁf@ %h %5199 | nezf}:‘ éu%“il ﬂai‘éh
RuH[err](CO) é@ é&yl as tne

RuH[ err] (PPh[-“éfﬁE exelﬁRﬁFCE}?ﬁlﬂDﬁFéP } Jd?n metfii%:l"( (’v‘PPI'HStm‘J agents such
triphenyl g ogghacﬁa‘)ylasetone, Rrigkémensk s &.0-| dkacdtypdenving daralysts are
t he hal i des, ditxime par befziArdibkéme hl egiydesedbaimitesrascefiat @agid,

sul f onat es, nltﬁﬁ&%xbééfé RNd, Cy dod dest rab e hiest ur@reast&ermmhraaéj adi um
35 platinum g ghqlnggl %l hos?ﬁg%ggrq)q_ gggggfo%%rggg Jyrﬁ,_tss for carrying

out the sition

ot baed, o ERLAR Loy & YR P R0 (T ECPRER T BRI gpRLene

pal | adi um pBéi"F‘h‘tfm and ?%%Ilclfﬁfmﬂ‘a%‘ﬁi‘d-%ﬁe’a%‘?ﬂ%tde °6rthe?ﬁll'°tra&éh‘fh‘?‘é in
particul ar bhebatist orpavaphiencagbornbsempilexes |$urinds BReFINICO) (PPh3) 3,

ni t r ogen- con#Rual (r@)l(hgayl]imphenmpndsspmma)3pamﬁzez:9i (pRtisNg, properties are
derived fronrbaBged)(Sa bhs) St RUAS LNigrh (€65 ( | & 2, 2" - bi pyri di ne
or 45 1,10- pgg@g: e h%&%&qa;isfg%ﬁﬁ%hﬁg?nds (de?ll{e/pggﬂ?romthese base

structuregoby Substitut? on or

Preferred salt-like homogeneous catalysts are the halides, in
particular the chlorides, nitrates, sulfates, sulfonates,
carboxylates and cyanides of rhodium, ruthenium, palladium,

35 platinum and iridium.

Preferred homogeneous catalysts for carrying out the
hydrogenation (d) are complexes of the transition metals
mentioned, in particular of cobalt, nickel, rhodium, ruthenium,

40 palladium, platinum and iridium, having monodentate or
multidentate, in particular bidentate, phosphine or phosphite
ligands and/or nitrogen-containing ligands in which the
complex-forming properties are derived from the (-N=C-C=N-)
structural unit, for example 2,2’'-bipyridine or

45 l,10-phenanthroline, and also the ligands derived from these base
structures by substitution or fusion.
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transition metal conpounds which are preferably used as honbgeneous
catalysts for carrying out the subreactiilon (d) are, for exanple,

carbonyl conptfrRmesHLi @S rdRBf PEHS 6D compourdAdCirh E61 (RN peEEErably

gtrJH(Ru 08) E gﬂ ]e&gelé:ggrepa&%m&@r ektaﬂéé(sc%c}ﬂ lﬁbeaﬁl @[eersrul, (o &1 rl >
exanpl e, the&ggne h%‘g hl’lneplL'Ic%;r%od’glinﬁﬂWge o Fﬁ?hc%ﬁr g%p%h’t“?ﬂé
subreact i on ¥BAC B3 RGO AERC2d (RBROy RBEECOISGot b Oe) (PPha),

2, 2" - bi pyr5d¢mé?1@rlzi©0nz(£@hprmnanthroI ine ligands are, for exanple, the
| i gands mentioned for carring out the subreacti on (a) and al so their

deri vati ves ructu anal. ogs nentlo ed ther grence
i s hereby na %‘éq“a%tle p%?l q’b‘rﬁ ? %‘é &’ ?gﬁ T“lb? seas?? f“ésﬁl M€l kyl
phosphi tes, ligapdsypeptigrad ﬁﬁSs‘bﬁ‘f@é‘g PRE a¥8A 6§ﬁﬁ?—’e‘§b (aélr k§® which
di phosphi tesrefere@pyl igli rebyhineds, Sikpbler?d2 dibpbyspineor The
al kyl - beatPny, 10-pheasptiita inegangsndmimreonfaor rexat@de| cete dAriganéié er ent
Clerr]-C errpentidfelr eberairy nkl S6¢ ]t‘h@[ 8hbleadtidn Qh) Casd Qals&y{-_hg{pups The
aryl - beari “gderu}&*%%BQ 45 'ét%@gé %‘iﬂéﬁ x}t%%hcé‘xlh xﬁJ dif §oRE

aF th eny Y

C6- C12- aryl ups. rtic or na gr oup ut al so
t he bi phetSA 8§ ﬁﬁ?@%@rﬂﬁ#@ the transition netals can be
conpl exed ES|ng phosphlte | i gands bearing heterocycloaliphatic 25 groups

such as pyPreliwivie. h@éﬁs’ﬂt@ hdhB8ds mrréertéi- r@iamplemf,f’{@J.ldyﬁeph @dsdi ne,
B'yff(f)ﬁz' I”ren 3& le %{9 Oél%s%‘ig%% UYriaryl E %@Et'& %0 gﬁﬁz
pyrazol e, r‘iié'p?l PRRES N8 ?rydu %ﬁ tr‘? e]{ f’ﬁ’é’rn‘w t h

ot her al kyI prosphjtteqi byands ggnTRentain, idgptiead oy aﬁ%e@ntt e~Phosphi te

ligands cg @ beeferalbﬂsu@ﬁ-{%t-allezﬂ @r byatozslit groeps s The elyadrkedamagt under

the redCt pssphindi Ligaiis kah exmtgilne iGpRtidalClorr ) £ fétenty Cq-Cra-aryl
-C(err] - grddps! ';ﬁ('@é?r iQu1ekethd -gHlediil 02! dagh @l 1 NYAERX butNh i £, tHeyano

Or sul f ongg e@ae‘?{ 8§°‘é13rr h%u%‘dhfef’xﬂ%fee %%Q%%ér&gﬁcg Rhg f’ﬁé ahn é”ds and 35

their conpl ex

h t
| i gands ar e, P8t eéS?& P9 ¢ Oﬁﬁgﬁ § biese BV\B}P@E"’IW Fﬁ OCYCl&?g e

tripropyl ,gh@sHas uchrag mﬁeéyﬁlmslmﬁﬁéolwlmt 9|lperlcbw@sph| te
tricycl opent1y¢r;pmisph» t exazaliidjoe o pdperaghos piu tte',lazolidlrm@nrpbpprmsphl te
and al so t hehemnpirongbid e;m@sdsmosarmpyeréﬁ lingdads16psaiazoad, | inddleh 472

071, EP-A 2], ﬁfc&neEP vfm?olﬂn@ZZp 1mﬂin/é 1:?&071%6 P irfe ,2 %n&&’zﬂe? 821,
EP-A 9 115, gii% i o , t“Q v osV g 24997
and US-A 4 3 hosp ne or
phosphi t e300 1487 K @ﬁBBB% 3‘3’1%81‘%55? englﬁa di um as
catal ysts, ignguhstituped \Rr dgapesubRtiuggssehich agei %P%Iqr‘feﬁdﬁh%l -
phosphi ne orreactsionsphnditiqmsef fpnbexanpiie pheluphlkexyr phosphite serving as
di-C;~Cg-alkylamino, C;-Cg-alkyl or hydroxy, nitro, cyano or
sulfonate groups. The sulfonate-substituted phosphite ligands and
their complexes are generally soluble in water. Suitable
phosphite ligands are, for example, trimethyl phosphite, triethyl
phosphite, tripropyl phosphite, triisopropyl phosphite, tributyl
phosphite, tricyclopentyl phosphite, tricyclohexyl phosphite,
triphenyl phosphite and also the monophosphite and diphosphite
ligands described in EP-A 472 071, EP-A 213 639, EP-A 214 622,
DE-A 27 33 796, EP-A 2 261, EP-A 2 821, EP-A 9 115, EP-A 155 508,
EP-A 353 7706, US-A 4 318 845, US-A 4 204 997 and US-A 4 362 830.

35

40

In the hydrogenation (d) using phosphine or phosphite complexes
45 homogeneously soluble in the reaction medium as catalysts, it can

prove to be advantageous to additionally add a phosphine or

phosphite, preferably the phosphine or phosphite serving as
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catal yst used, and/or an acid such as an al kanoic acid, e.g. acetic acid,
_et hyl hexanoi c acid or decanoi ¢ acid, 10r toluenesul fonic acid or a phenol

‘to the reafigt %i& %XEHé %o f'%ﬁegﬂs addihi9 @ &é’efh Ply Bh??ﬂ 4G ik g?&{ ddhe 5

honbgeneous ca ernore, | ect1Vvi.ty t he

reaction of §¥88 &t 7?1 0 r8rn???ﬁ% %26 ? eEﬂ%%?F*&??&ﬁ ﬁq&d °And t hus
i mprove t he @ﬁﬂ FvP?&d(ﬁ°§I¥9169%§%qu°ﬁﬁﬁc%8%§ oK 2 Bhe#qlartOalib@nt ageous

ef fect can breeamtlioavaixbyre.hSughdan jasidisfion can powlanaocktialdife ehetheeacti on
m xt ure, pArhomigedebyswetalysicngnd) fAarhepybreoriinprbi78 Otid &Rl bt v tye ol
conpl exes astRORAGAEONSof thedhdb¥St SIT to for® B he¥LtyNQ1aPVerRY igned
effects, the, rag%rala@ gtveo%appgiscffwﬁg gengye! %X-{Qﬂ dodsg. MRl ar anmount

which is fro and

particul arl y*H¥ agqppgn{ai T £ hé acqlr?é(eﬁb Brt %&gﬁ-}t 7 tHe
phosphi ne orciﬁhﬂﬂpﬂPPEdee(ﬁﬁhﬁpéxr%ﬁc?qﬂ§ RiRHTR i SATHEERIArlyf whep using
transiti oA0nearhonydrpbriaininge tyangi tion oabgl eompd exas ady tomogegenss at ed i n

situ in the catalgsgsi.on m xture, an appropriately high excess of phosphine

or 20 phosphite Iigand, based on the respective transition netal, is
advant ageousl y used. The transition netal catalysts which are
honogeneous| 1 aahisve the ??qvﬁ@ePEﬂh%QQ%ﬁfﬁﬁﬁF%m*é}eePé@ﬁ@Jd}q Prugbesyhite

anounts of piefgameyly addesini®. §2melaI) afonnt Whisksdd &rom He taddoet |1 fed
to the redBteoimes, pIBEemmlymf&bﬁmDuw Xooribe dMmiMp@eneonbariat pryséramasd in
each case  gigy adyansagapils! ¥ndehSIdd neRuhl & KRl LRSS ML XREphBIite 30
The hydfoge“@s@%gar wldg hcr{ hag,lﬁagn YedNe 99%6%%215939%%& complex

ment i oned can tirred reac

cont i nuous| ySe&J'9 Af P‘i’fb‘f:?ern&é’b‘?ofgtalﬁ’ﬁﬁbllg %%'P‘?.ﬁﬁjl"?do?'n S1 §8a8§% of
stirred reacteRELioBeMEKENTS, AN ABBYRPTETELY] kigh®xgess of phospiine oFf
gener al | y2Pr pnodpitice] D0gdmat,, bpsefcombtihe Fespedtiven t36n60t imy meEhd, rimct i on

of the adduckgddndagesb¥®y tdedan- butyl al kyl ether 1V can be carried out
in the presence or absence of added sol vents such as aliphatic or
aromati c hydrocarbons, e.g. t ol uene, benzene, xylene or cycl ohexane,

al cohol s sucBhestranspiiemdretalnrahelysta Wpigh @ honggerpsuadys Sobipkd dhsuch
as 40 tet% ahyie ofaacahen dierkiawe age govenadliycused iveiagbtnps|ofaipigfenably

gl ycol s al egemat.ed abi PlMinod $Qr basedin ¢hbyaddivar kansed U the reactor.
chloroform ehe AR BRditht FRrOLRE HHHRIGRNBSuSl 20590 eRYRNen each case

83{58%‘7322 fs S&HJa%QSéeéMscﬂ %%tgkﬂ‘fﬁéy inSUl P2 4R AlySULE RGe. 45

30 The hydrogenation (d) with the aid of the homogeneous catalysts
mentioned can be carried out batchwise, e.g. in stirred reactors,
or continuously, e.g. in loop reactors, bubble columns or
cascades of stirred reactors, generally at above 60°C and at a
pressure of generally from 5 to 100 bar, preferably from 10 to

35 60 bar. The reaction of the adduct II to give the n-butyl alkyl
ether IV can be carried out in the presence or absence of added
solvents such as aliphatic or aromatic hydrocarbons, e.g.
toluene, benzene, xylene or cyclohexane, alcohols such as
butanols, higher fatty alcohols or glycols, ethers such as

40 tetrahydrofuran, dioxane or low molecular weight polyalkylene
glycols, halogenated aliphatic or aromatic hydrocarbons such as
chloroform, dichloromethane, chlorobenzene or dichlorobenzene,
sulfoxides or sulfones such as dimethyl sulfoxide or sulfolane.
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13, If no further solvents are added in the hydrogenation, the
reactants thenselves, ie. the adduct Il and the n-butyl alkyl et her 1V,
.al so serve to dissolve the honpbgeneousigatal ysts. 5 To hydrogenate the

adduct 11, BYdRgORldne: L8 R0eddl ldde?aiBld in théaﬁ%?oﬁ?é@jq fr ddae adduct
fed to the r (oo Qf neral Ty rom 1 00 L prefer rom1:1
to 50:1 andrggﬁcl%(l:% gzrrﬁe%gefv%sr’e?lgr'aﬁ% ﬁ%%%l&g ' fé‘.elg'sm@ﬁftar%yéﬁrocess
is carried 85PeT THhaidifRi 88TVE i dARRPHER ithec IAmpEenequs; eatatustsy i nj ecti ng
the 10 necessary amount of hydrogen into the reactor or by dispersing

the hydrogelol Ryaldiae! kR0 JRMMrr] Oy dPtARR) £s WiRARR 2 a nollybb! e
colums or b t:r.Lrea(r}Ds of |o(r)10ﬁ ereac%tors.#%éa Wltl;1 %et tor."9 z| es 35:1

di spersing tA& ﬂy PGS OPTHES ASTUGE T 7Y (e %&f&én SIYERE-AY | y
carried out SRRBn thdyileg: L hePradecebry vixar 151t ke end| pagtiiFulpely
honogeneous prgfarskly fiyom tah td d§:1. Wekmrrhegpvosdss e fadried outhe

reacti on appatahusssulhdgqueiting in cifilsh cfrribéseutpbycedyeesines tael ect ed
depends oW tlaee§34#Y sdount &5 Gy ddehnently @RSUELadHYL 102MBYr @i dPersgARdi ti ons
enpl oyed i n4ach aroféﬁﬁnaéhwéac%iofl%é %mcoﬁélra&&dp% Bz hdnd ggctor. The
opti mum 20 %r ﬁg? ucgoe_%lléns adva]gt ageous et er'nmi ned | gfr&tgr I 1'531 nary

experi ment . JPROLReETATRSLPT P¥ IMANRUBHSIIRFIFGAERET A tt8Y. YT d°F tube
reactor, a B9BBLes cRuASPRERINT the hvierdedd €Beum*inghdn of {hey ogen can be
i nt roduced dydrogemuss genarallhearsaed oputi whan chargiingathearssrtorogitiher
with the ¥ hee aeasttanitsand sepaionbgbiieod catalpét Sibutheahegldd on is

conpl ete, thAvhRE&EIdAUR1IR' BAUELG IiHt8CBRE Aldattion Wbk G iR Bypsl lth?t.l on,
where the NRORNSPUnesd! Bydlatardis -LAN-RA HECAVR & LHOTMANG Rt ! o
fromthe distillation and can e.reuseq | esired. 11T recyc E’ng of the
catalyst inVFRE PRGNS Presgirs od, FRURSHATIRGRPRGH 1ODSBLPIRYEY 407 frther
sol vent, cgsef af MY ASsOP VIR ORRPERUGEiAns Oft the HiepedPTt Ry roptdmamt han

t he n-%wbcadm;é ist hdvancagecaalandagmoisey be adgoedimbnate reaction
mxture. |f experhnemgeTa0URe Cedsdl Bt aUsSit invoaBenydxidenadien 3ed.henmal | y
stabl e under;,bhereaidid,i aNBusid RR1dhatiddAb08r 4 Hacked@ddidhPN t8E @

hi gh-boi | i ng,, 5QLYEDNC 53RO OB IS BRCk {fiGus)y NANRIGHROUS, CaLASE Can be
returned in go, orm to the reaction. 21}5 n_a further préferred
enbodi meny, GFUHET PIBEEES EBFCRIREF YITh R AtORT TRREIRPEPogENSREAFIEEEY t he
adduct 11 5to gi ve the n-butyl al kyl ether IVis carried out using a

het er ogeneougteat éhe/ feactioi 1d) 1BEOCaSe RBLAGI S Igralc-OUls §cheh1iyp the
i quid phasgeiea uP'syf 58PEY1d¢1oh]18wAE e RIRS fomdFencous calPRPet (ddd

can be recovered from the bottoms from the distillation and can

be reused if desired. If recycling of the catalyst in the process

of the present invention is desired, a further solvent,

preferably a solvent which boils at a higher temperature than the
n-butyl alkyl ether, can advantageously be added to the reaction
mixture. If the homogeneous catalyst used is chemically and

thermally stable under the conditions of the distillation, the
addition of a high-boiling solvent can be omitted and the

homogeneous catalyst can be returned in solid form to the

reaction.

30

35

40 In a further preferred embodiment of the process of the
invention, the hydrogenation of the adduct II to give the n-butyl
alkyl ether IV is carried out using a heterogeneous catalyst,
with the process being carried out either in the liquid phase or
preferably in the gas phase.
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14 . Among these hydrogenation catal ysts, preference is given to those
whi ch conprise one or nore elenents of groups Ib, VIb, VIIb and VIIIlDb,
.possibly in conmbination with one or nonil@ el enents of group Vb, of the
‘Periodic TabAmbrdf thBSe Bhfitiehatidn RAIHH1GHLE] 1UIRREnce & Zilen €HHIsEM
ol ybdenum gﬁﬁ%@gﬁr§£@w#%rrM$£@@1%% E 856# loroup! Fselyry) NS ng

I ridium pal

Particularly vgoﬁﬁf? é‘r?af: | Sﬁn%%ttp]eﬂ%gf s%eh °5smﬂf%kegllemefﬁsc% aqrtougr
the platinunRwetodl $heabesinrdis: 2geir LPRNtfirt AR AR 18F oERPRITemeNt S
whi ch act ‘észm.alcyxspmpm.smlahdenum.t Hiupgeiten, rhwlpartrlauheplpm» serred .k, Thi s
measur e enabhiskeld ,hirBb@iumseliedtivmf YpallatiQuhcari/vire peat inun, h@obyiisgdmat i on

to give the gsiiitngkishkyitn irehhers. Suitable main group el enents are, for
exanpl e, the 15 chal cogens such as sulfur, seleniumand tellurium and al so

t he el ements phosphorus, arsenic, antinony, bisnuth, tin, |ead and
thal lium Eﬁrmuﬂstéymubydmgamsp catalsrsm@ssum e (.mg!sel for
exanpl e, 10 pseqitpotratke glaitdnymt fetalic kanabavarfiayedtsl prapaiopddbyith
precipitati “Hairh%x%uﬁa&féﬂédt%athcﬁCédtV%sCQEPQRPé%t ?o‘lﬁ@r’inand qar EE@Q&@ ng
salt sol ut ' eia{r'%lﬁi‘i)tg &!Ls% ek’ Oﬂ#é“?ne%%lﬂé &[%)l% rgerra &3

1°%,

acet ates of or exa I on_or . SO, U I ons

act
of alkali metQIP% )’6?"% K Fﬁ@ é%‘?’f‘?‘?%éf’ to ﬁi}l‘ﬁﬁoﬁgﬁe“ AEFdr a¥ honat e
sol uti ons, a8thexs SR&ARPPEE Madar OFRHE elemspisALE hFQF oxFams-e h{he at ed
oxi, des, bas 3i chalddgener seah Bonandsyr, sedebsenuan lteldnyimy tand pisaltlieng
preci pi t ant se bafbritiae phospidrtis)JarsedftgMant i96me), Hikyuth praid01bad 74y err] C,
in particul agn{y100,400 to 30 600[err]C into the rel evant oxides, m xed
oxi des and/ or m xed-val ence oxi des which are reduced to the rel evant
nmetals and/or to oxidic conpounds of | ow oxidation state and converted
into the agt Bg| heterogénégis calthyysitcs i Ve fier ppsdidilectanpse, fprt erahpidEnt wit h
reduci ng BOSHHE taU6h @dtdlydregesudt daydlpgen-arenprbpary ggses at
general |y 35?&5& Bi28tifg 7@&[1@ thfalytidantl s&%ﬁfe %masaéaéso%rba 400[err]C.
The e heduCbOlLd oadens  dli ysggﬂgm&ged bt S kpod TG IoITRE

In the prepar eciplt S, conprisin

e el st R %ﬁttineymm °§‘€PP§8’°S' TSN BHERAS Ban
be carri eggoadditionhef pselnticasopf taikald] mett argl/sgppbkalingt eprth metal
However, tﬁehymtcadlyibl end/or aeirboratergpdmendss, ascafoadesantplgeospayimdlyo be
preci pi t at edssiubilel apapopidesy hipatdited oxiupPPriasivt eales df @Erbbeates,

cor r espondi nguiSéldu ei@'l tdBf%g the ré¥fft8hENELedDHiTaYeE 4 USHleRYcalcining
hydr ogenat i ofy &g §akérx&1ggc 1887504 %ohgdwggﬁ@%; 2?7?0 23L47) 60 ﬁgset s
abovenent i:;og% éBFBl’f}éﬁ evaEEt%ﬁJ;g?Fs 14§ s o P ¥ RATERS SRS n
addition to ¢®ides whichomxy gedyged to the relevant metals and/or to oxidc
compounds of low oxidation state and converted into the actual
catalytically active form, for example by treatment with reducing
agents such as hydrogen or hydrogen-containing gases at generally
from 50 to 700°C, in particular at from 100 to 400°C. The

reduction is generally continued until water is no longer formed.
In the preparation of precipitated catalysts comprising a support
material, the precipitation of the catalytically active

components can be carried out in the presence of the relevant
support material. However, the catalytically active components

can advantageously alsc be precipitated simultaneously with the
support material from the corresponding salt solutions.

35
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Preference is given to using hydrogenation catalysts which have
45 the hydrogenation-catalyzing metals or metal compounds deposited

on a support material. Apart from the abovementioned precipitated

catalysts comprising a support material in addition to the
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“cat.al ytically active conponents, other supported catal ysts suitable for
t he hydrogenation (d) are generally those in which the catalytically
.active conponents have been applied toils support material by, for

‘exanpl e, | MYRGNI¢LIOM 1Y actiPE Y6Rpdndntli CorHdie sappettdd cakhYy @@4 ive netal s
are applied skﬂta f e %fL hfo i8h! Ya]Uret Béfé‘if Q‘ﬂogg i %H' eved

|ed to

|
ina varie |cak actlv e
t hese supportﬁyenﬁﬁé%l‘\fi‘fjsc Y FS]L' g? Foh %Pﬁﬁefo tQ ut i ons or
suspensi ons SHPPPKE watqLiadr byxi %% e@qampflqe, e’r%ﬁflé‘cmnconcer ned, drying and

subsequent5reducti on of the netal conpounds to t he rel evant netals or
conpounds of | 0 t 1.ng
oref or abl y THd hﬁf 9&‘ ég Ene &Eteaf}\él al if’l LoAHGH ag?%ﬁ*%]

n COI’] al ni (?I’ azi ne.
Aother  puscits & éuaaerfofl%geagﬁ?w Waos PP&‘aF? bt BeDESTRY AR A o 1 he
supports is variekyr afriysng ThAeC GF'F§1Wtq‘Ft§UPU¥1? srnshetapprdieeh are
readi | y decompdhedet supprait] paténialexdypl fonidwampde , oimpregphexes withwhi ch
are readit9y siﬂﬁﬁliﬁﬁseﬁlrtéiﬁlpﬁﬁ‘sians F thal HOIYH ol okydés E theCoOlgHeRtes Of
the catal ytigalde¥nad! i ahg ﬁf&éq%eh@aie&d&ﬁ@l 6ESilld mddal %En&ﬂﬂﬁh@d
support to ”O'Ph%OQeié’v Oco %El% c%ang{mtg ”&U&ét‘i‘?sﬁo eblb

adsor bed neta co 05|{’

carried out ’Eﬁ?d‘t?r° %r’iﬁ Wea‘é%&t' pr&?ﬁﬁ% m%ﬁ??a‘lﬁ E‘YBFB‘P%IM i ve gases
are, for exdhsiregenreoraiming gesghHeF ahf@;’(il@éle h%Pé@%‘h rossihée riAd @fgases.
Furt her not®, agiyifg the aathilyaityllac tectévemeatiaiscan bise deposrtedison the
catal yst SMiRRehht Dyg VAROBupPOSd Wi%R 9611Yidnsabe SPIWY WhGch are The

content of t&f‘am ahwzéxﬁ‘zﬂsle%ﬁ eﬁéﬁml@et b &&QeSHEE’PéEé%d 0?0 ?ﬁ;% R3S is,

in principle t cr|t|c roces. resent
i nventi on, lilﬁ%h ghiers olr%lye gmgﬁose% %Eéa’f‘ ]‘chaFf-:I Ebon al?% lr‘li%t hese
suppor t ed éa‘i%ﬂwgs of H%{X%FQFF‘&Y‘P&?&I Hgac g"ed“\eﬁlai apd H'1°g 8? s"p}'&'ce time
conver si of% resulltdngi impiRgnesse HPHCIkeEOCHFAT 0. tPIGRATS! inyexdgrss to
general |y 35thadalay demapposedthataispsbedwiwssl conpemtdnf Thdsatlydrmedl |y

active Mg ohplo §1£1&m1@, %)rb@eﬁ&bl% R¥rveédbut ﬂhaéﬁr@tﬁmtteem& dust 0 50 %
for e olural g‘?“?"%ﬁ’ f{%h %?’ @*‘?‘lré&tl"eoéag@ BB For SRbis, ptBRREEY Do
respectivgg STR)%’ dReFH ‘?al Eﬁ??rhe rr%?‘? ni%f@@ S€3t Al Wt he§f"f’ acttlve

metal s cah beREJgtiealln a\q’févgu'b?)"'cﬁ'lts G¢n P@rdeposdted P %ﬁ Ykds of

DE- A 251981 7sumERIA by 7vambrakgpedLinion ozghy2flamen SPH@Y%-:@E-aI yst s as descri bed
in the abovenenti oned docurrent s, the catalytically active rret aI s are

present as ]?'ﬂ}%ctakla% G c3rEl A d“C‘i‘IVb LR Rk ai reaty He kgl ted

£
reduction o “he sal s, of GO e anov enen oned

deposi t edze S2%LYSh§ ?'?r'pr’é’gﬁﬁt"f‘ggpl%n netshphbiqal for t ‘E)CF\%'F&?% the
16  The actﬁ’melsén°§ft1}ﬁ)tﬁ¥e§ﬁétp¥fé@fﬁllpat e‘ﬂl@atf@rlgilg%’sc%nttﬁeﬁ support ed
catal ysts carntalydibellbyldabize netzlid uin bhede supported catalystuse by t he
hydrogen pr essiirallgr Béddindowages , rilegs @ oCRi gheats ispace af findd Icoh@eadi dhs
activated befuf iWS€he case of lower contents. However, use is generally
made of supported catalysts whose content of catalytically active
metals is from 0.1 to 80 % by weight, preferably from 0.5 to 50 %
by weight, based on the total catalyst. Of course, it is also
possible for a plurality of the catalytically active metals to be
applied to the respective support material. Furthermore, the
catalytically active metals can be applied to the support by, for
example, the methods of DE-A 2519817, EP-A 147219 and EP-A
285420. In the catalysts as described in the abovementioned
documents, the catalytically active metals are present as an
alloy which is produced by thermal treatment and/or reduction of
the salts or complexes of the abovementioned metals deposited,
eg. by impregnation, on a support.
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5 . The support materials which can be used are, in general, the oxi des
of alum num and titanium zirkonium di oxide, silicon di oxi de, ki esel guhr,
Silica gel, clays, eg. nontnorillonitegsg silicates, such as magnesi um or

‘al um num si liAlesivad (@Sphoth SHEBragigBMerObaéayshd 280l thes and al so
act | vat ed Cgﬁ%%%atedpéﬂaﬁégg é%E’paOfga %St ﬁalv%daé é{{“ﬁ”%&?"f ion

titani um ni-um activa rrg

of possi bl e THFHEE Qﬁe &F%’l?%t%reﬁleé‘ttﬁ exedimy. oﬁfl”ﬁ@ver' ﬁ?‘&f’? ntAtiYS%F de,
pal | adi um orR%§ P¥e Gﬁ@fb%{ getipateddiaforenusesilicon dioxide, palladium on
barium sul$ate, rhodium on activated carbon, rhodiumon al um num oxi de,
rut heni um o i Iy tiyat r n I Si I Lon

di oxi de. i 'C‘;(r? s'uﬁsgﬁt rfdt%élg‘isgwhlg:% \éﬁ g&' &s%dbgge i );aﬁe;;g?gl [ deﬂ oobal t
on silicon ©9%ifiesxPhe? ‘B‘b‘ﬁ‘éﬁ"taﬁ Rﬁﬁlﬁﬁ‘m 6&?’%‘“‘8‘0 Ja‘P’E ¥b h?ﬁ*ﬁ on

al umi num WWP:C&%WWP ol biwadsel r BEANAITEEh ARRDLIRY JoRHERS um
rheni um on axitlivated, caudivrs magmesivnpelk| athnrimuon saticatatsad zeolitasdhon,

r heni um pl@tdutnmagnzants \wat edncas hasbliteppatid Alssi hbeDratdd eaerbsle, copper
on al um NuM e el OpRTHor A mBELL A Ar 2L Dlinum, oSOREET ARakhFE! OUNT,

copper on Sigicaqde! ., iy 0813'Icf‘ apd act 808, SGPPET 0N Zi r coni um

di oxi de, copper~on {ragnes am Ica copper on d Uni num si licate,
copper on nontnorillonite, copper on zeolite, copper/zinc on alum num
oxi de, Raneyﬂm@pe& oBOpdlsAbil BURS £t diRheBeSl ¢iBa0XEEEe feltheeSollowing:

pl ati ”Umb%‘ ék&%oahrxld%ct b\c{i‘i%ﬁ’l\ﬁ@%oaluxﬁﬂﬂﬂ?%xﬁﬁéo d19:adR8h1 &N

chrom te, 0 um £ 0n um num an nickel, cobalt
sul fide, nic I%lcgﬁ‘l én gge%h“rﬁ tarnln% i %Eage' Siihn of

copper - nol yb%fb’ﬁtY )6%%’/!5¥PP€ B Ao R 082 mem oxitdenium:op a'?’;}'§t°§
pal | adi um ordirrideaptdackivesadcaarbanst sipkel ian Isjlicopalimxidd . wridkedel8ni um
or |ead ag& alwdnuheoride) ydrkellescrailredniumidicREdd, 32388, siGiddn3 449

445, EP- A®4454db del Peébd/ odl QlumindafFoAidl, o/ mbiyerdth 3h A0dmirdddr A 415
202, DE-A 23,6026 aﬁﬂ%)yl 1':::Bn’6g 4 OQ'henﬁg'n bla'é)édrg SEALHRR AL al ysts

cont ai ni ng Br.onste ni e s can al so

be advant age R, 88 ‘fthl all? ca °&e§§e8fuTW€iﬁPg§%’Ht°r} r?\(fgr‘if'? When
usi ng such cEAE9 st Ehepijun- Plan?‘l"ﬁé?“ AGYLYRERF FRATROBr FRRRSF BF iiejvﬁr"é’nam d
or bases g p dimxige, F GORPETD PP A KB RUT) SX3cRereeNpernOn aRlicmdgdycarbon,

0050/ 47333~ copper on kieselguhr, copper on s1lldh7gelTheoppEnﬂqntt¢ahmgunactive

net al s t hems@ldsaisie, f B6pF@ IR 2ir6aHi vkt diox28e Blcappbedo®mddpiesumci d centers
if they ar eogﬁnhcfa%p' 85 5hek on’ sﬁtm% %ﬁfﬁeaéeesregggéiete ol Gichitiol f11dMi te,

activation nc%o e)/ ogen of h 0 x{ldcoq{t al n| (gnp&ases
This 5 appli esppe’rroP exga ’j‘: 89?% 5 Punt angd o om?e co

cat al yst s36 R ug‘uﬁbb‘? erd‘°fdﬁlé’ﬂ|%%P‘&F‘*y’%’f%s'ari’&a%’b%rpa 1€F}FB‘H1 ?’t‘e In the
support ed rheetiiviatedt aagkany coppey aWiottps baysugs ehromktey i xt ure of
rheni um net ahicielrchhemiumnoxddpoomdsluminum oxide, Raney nickel, cobalt

sulfide, nickel sulfide, molybdenum (VI) sulfide,
copper-molybdenum(VI)oxide/silicon dioxide/aluminum oxide
catalysts, palladium on activated carbon catalysts partially
poisoned with selenium or lead and also the catalysts described
in DE-A 39 32 332, US-A 3 449 445, EP-A 44 444, EP-A 147 219,
DE-A 39 04 083, DE-A 23 21 101, EP-A 415 202, DE-A 23 66 264 and
EP-A 100 406.
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Hydrogenation catalysts containing Bronsted and/or Lewis acid

centers or basic centers can also be advantageously used in the
process of the present invention. When using such catalysts, the
further addition of a Brénsted or Lewis acid or bases to the

45 reaction mixture is generally not necessary.
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‘hi gher -oxidation states, with the latter being able to act as 10 Lewi s or
Bronsted acids. Furthernore, such Lewis or Bronsted acid centers or '
basic centers can be introduced into the catal yst via t he support

‘material useghe Eéagp}@&agflysueewé nBRBEE | Blemselta8! b4y MkakB¥E s Qin Brenst ed
acid centers, ARe,al Fea %%%&geé id ce%'téf‘%‘ J'[ant%l 2"59@% o g %él%l‘ard' oxi de,

silicon dioxl |c te tlvate

Por this 1 odegieeR, §FF8ﬁ°E’a‘f%l“g‘r’§F$ (S Fhen SERLVAR S0 B the
persent i nvé‘r?ttlaéﬁsgr‘él dyeragey ofpydreeentandryBiag gasesnpThis ng el enent s
of transit$ appdiespsioy ediampVe) tmdher rivéhiurR0 apfl cheorHaei-odntaifalige of t he
El ements, ircatanyses| suctelagmeipporded rhbhdifiddtalygtounm coppetr and VI of
the Peri odi Cch-li%mﬁéeo‘cxﬁ hc%e suﬂ:@f‘@‘é&f %heﬂ?ﬂ?sdatt%‘i QPs 2 SHEPRREH i TRLES ' al
acting as Br OrQeISs &2 8L o mﬁx%urg gfquqenpartxltlecéja{)ar 'ﬁn%‘?ﬁ’é}{l %9‘88#&&&?& ysts

are, for exar er on activa er_Qn siticon dioxide,

copper on 25 ‘t&hé%ef’ﬁh‘?ﬁ l%ﬁﬁéT'e%'n wiith; the g]eqttec',‘obﬁgﬁg)g APIE EAnPTimad oxi de,
copper onl@ihexdsi am Brongted agsppeFusthaaners S¥Coi Lewia ©r Boppeted acad

al um num si |caraiees oppparicorehters mangbeaintroduepheinton the zebhlys, via

rut heni um onciRClsppbeel netickeal ﬁyéch.emixumw@s fUBuppsrt madeirdel rut heni um on

o ox oo 4 o “*ﬁ‘.‘ﬁ}ﬁ?% %“@ B8 BRSIGRIGILIA SBiielte, hE MORIMIELA oA UM
pal | adi Um ort SR, Liotftgy fur %’&I“I‘“a&ﬁﬁ?‘&‘g"w ﬁ&§ﬁﬁﬁ?s %‘é raﬁéﬂlpcatﬁsa. um

on. act i va%%cFlaYseaFBWf&ft él"?s?%t%tﬁdaf:ﬁflb% soned with sel enium or |ead,
pl ati num on al uni num oxi de, pl ati num on silicon dioxide, ni ckel 35 on

zi v coni um digyd dgsnk Gheedn, 8, gk&@&&@ 4ok oy ls Cb@édog, ehelbHBLIUM X de,

ni ckel - copper, on num oxt alt on

al n% nIEJ fl gk d
al uni num oxi ‘¥ PESBERY - HIS Eégﬂu?ﬁe r?re SERRH Y dr ogenat i on
catal ysts Wrtlﬁéﬁ%e?ltﬁ‘é?nﬁév%f n*braé'ﬁéﬁlBFo‘-FECt“é’& Sr VI Vi §n§ ?% et er s
can have £Bw% tie Bevindisd Tabie ebienEhenents,s johpast ixadiairt esementsmodum or
silicon oxi dessnspRasphardupsaci dvDI and vakf usf chec pdr hoktlied Thblée hefnthEhese

are gener al |y deed, | feptBI¥RHSof Sa Wupgpb@® Ratdlriad EC%%a\éehgbﬁstéH @frer abl y
from0.05 to,Q;3 %ega pé'ﬁ'ﬁma % a}x'tﬁljé&{.é >éare5§% ré Egp‘%baé“é’/%sss

% by wei ght, as 5%‘ ge % 4
16" Qheg, SHRYSFE ahvased ¢ Wd?88€ﬁ’ét?’h§ﬁﬁ‘é°‘é ey SHRRET e
n- but yl 15< by %ﬂi@eﬁef’ér‘ﬁb’éﬁ’éoﬁg ¢ THRESt Qn\/\HWmmcSﬁ‘b’F

conpl exes ofCQQMs phi irgestiamsdienidegr gapper/|dn mgghes b silikate, afoppes
Peri odi ¢ Tabdre adfumtihem HiAneats, Wwopgercan breatddchgf earth t ewpberogeneous

catal ysi s ofzddliitepr pe@fchivmass adtihRlteuo8SBERd ruthiiim lodr atmimine t hose
in which theli@NSkhipdh it 8h SN Qoxidé, futBlnt fn SoP HayHBE L dm MBI T T X.
30 oxide, ruthenium on zirkonium dioxide, ruthenium on titanium
dioxide, palladium on aluminum oxide, palladium on silicon
dioxide, palladium on barium sulfate and palladium on activated
carbon catalysts partially poisoned with selenium or lead,
platinum on aluminum oxide, platinum on silicon dioxide, nickel
on zirconium dioxide, nickel on silicon dioxide, nickel on
aluminum oxide, nickel-copper on aluminum oxide, cobalt on
silicon dioxide, cobalt on aluminum oxide, cobalt-molybdenum on
aluminum oxide.

35

40
Hydrogenation catalysts which themselves have no such Brénsted or

Lewis acid centers can have Lewis or Bronsted acid components
such as zeolites, aluminum or silicon oxides, phosphoric acid or
sulfuric acid added to them. These are generally added in amounts
of from 0.01 to 5 % by weight, preferably from 0.05 to 0.5 % by
weight and particularly preferably from 0.1 to 0.4 % by weight,
based on the weight of the catalyst used.

45
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'Such polymeric matrices can be resins such as 10 styrene-divinyl benzene
resins or phenol -formal dehyde resins to whi ch the rel evant |igands
.serving to conplex the transition nmett@l are preferably coval ently bound

‘and in turn GQidP eQERI EES suithble (g ﬁ-x?a_ﬂéééda&'ln £RL Ssadeeernedh Eldre

ef fectively éﬂQ'%Qbkkgf al%fl?ekﬁ%%eﬁwsd}e Eége ne és ca%g#ygtghﬁ of the
het er ogeneous cat.ayt&[etlon%t et. ydr.ogenati on o h%gd Il to
gi ve the n- BTRBAESPKGP RASHES PY Sralftthen cirhd sy SoaF HWRE VEBnt THdodePy or
bat chwi se. Ib off the\jBenigdie| Bables ofathe dHlesgnte nvhirh (cegubel Rk £0Tt he
het er ogenedushec dbabgstemsn catadysierofsibpenpiotess thage i iguhdterogaegdcedon
medi um or pr&ded,aliby &kdnil@edhbse air iwbh@dhbeltk Aradsitidh Wetallt ¥omderdrnieged

beds. Wien ugd ndx@ahes ef QARRRYSc GRfdli%St 25 suspended in the liquid
reaction nedium the proces$S can be carried out, for exanple, in stirred

reactors or |oop reactors. When a heterogeneous catal yst arranged in a
fi xed bed i sSuch popiweei; mareriresctarobenicgsinse sughgeseral |y passed over the
fixed ¢At s yreinebadviny Iemzené | pasiors deviphémi-FodRaldéhyde Th&ins to
hydrogenat i oph AN the S&ldvRl ubands AdrIRAL | £8ldohp@bx thd $2LASLARI ¥

oper at ed rearﬁ Y15 arkh Sy g\?aiénqlligdb%%ta{n%ni t&ﬁhgtférﬁ &3 %leerx%s
passed over cat al gs at, a“space vel ocl of Prom ) f,to I&, .
breferably Yt GP6attePELind PAFEIT FOAFEFRYS BN PSERBT Y a toPoRRLZS 3, kg
of reaction ¥h&tlgtéer 1 thiscya®iyst h. When using the heterogeneous
catalysts}sthe reaction can be carried out in the presence of absence of

a solvent. 480l g”f%gd"“o*g heCROLDS, ee'iﬁ%'o8¥99a€a[d1‘§;s‘th8e§€%e 0! YgOLS whi ch
can al so pe_use en the processgls cart]edout "Wt hofpgeneous 40
catal ysis. BYArogenghion ffe the ARIMTHOJInEBUE TaitRPy BTRUtYh &Y S'heT 1Y
general |y camlded chariedsiwdr eibhen qoptinvowiu®r Pptekwisey t he reactor of
froml to_ 100, preferably from1.5 to 80, in particular from2 to 45 40.
The hydr of€nay i.gn (o o5 by A4UCEatLidP kv en LR N3BHIY pRlder] ene ether 1V
over the heterogeéneous cat al ysto1n e |I,?UI hase |3p, tg]gngr,alj carried
out at from BRFELIAOPRT (GAEZYPET SRRy © B Apapgnded in thecdiquads

19 350 erF¢actdgd padiye @raPrgieralilyr abryngedbinge f&xebded PF@ and at a
pressure of phnsrldktlyyofriinetd bedSOOiHear uspnefaerisieyofensous tat2bPst bar,
in particybasudgedidedOis ocrdQigaid readzibhemédiiii,d theagiocusspeaduss from
stage (d) Iscgene@bhy, WiKedamBle PYifistitli@iidRtods HASIR adytdraen
described fog,NQ neDRIPARNGRSAEA WYY 3tBanged in a fixed bed is

employed, the reaction mixture is generally passed over the fixed
catalyst bed in the upflow or downflow mode.

30
The hydrogenation can be carried out in adiabatically or
isothermally operated reactors. In general, the liquid reaction
mixture is here passed over the catalyst at a space velocity of
from 0.01 to 10, preferably from 0.05 to 6 and particularly

35 preferably from 0.08 to 3, kg of reaction mixture/l of
catalyst-h. When using the heterogeneous catalysts, the reaction
can be carried out in the presence of absence of a solvent.
Solvents which can be employed are the same solvents which can
also be used when the process is carried out with homogeneous

40 catalysis.

In the case of heterogeneous catalysis, the hydrogen is generally
added in a molar ratio to the adduct II fed to the reactor of
from 1 to 100, preferably from 1.5 to 80, in particular from 2 to
40. The hydrogenation of the adduct II to give the n-butyl alkyl
ether IV over the heterogeneous catalyst in the liquid phase is
generally carried out at from 20 to 400°C, preferably from 30 to

45
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10 The hydr ogenati on can also be carried out in the gas phase. For this
purpose, it is possible to use reactors customary per se for gas- phase
reactions, for exanple those in which titge catalyst is present in a fixed

bed or in a ébwéla%adpbﬁglcuﬂa%we £4 QArBbIFNEREN 800RSM 886 adhabatigal |y or
| sot hef”a"ypﬁg% RN eﬁeéa{ﬁ Sglli % NGEME @b b 91%%' ¥Sto ztd#bre o

catal yst can or ‘advant age In or

i mprove t he B?ESllﬁhtpagﬁlcu 68? B # alét ion, in a pl uraI ity, for
exanple from2 to 10, preferably from2 to 5, flxed beds. Wen using a
plurality 6f phe fiqid cahet i predacersrtheathbe (cga%oaehérmgvr abered ip
adi abat i cal | XY %st‘ifi'ia*e? ﬁdvﬂ%ggegﬁe%% b%[aﬂeéeééhb'%‘ar fééecﬁ

select|V|ty g %H" nperature of the reaction
gas after Wﬂ%er}er?élspf"% 5§t i xed bed and bef or e entering the next
fixed bed by bet ween-bed cooling of the reaction gas and/or by injection

of additi Ona‘rhénwo‘éeﬂgtﬁ&p|ca¥15aﬁgé%@@a%riééf’bu%s iy dhe g4 Cifha%éduﬁér 'l

bet veen A Ladl e {1 x84 g0 P LAl uplodd Qefé ick
e bay ' "Spg- %Ebfg%nf'&g‘éﬁh%ﬁ/ IaF, SRR ChAPS fid% lsarg*fﬁl%éﬁ&ﬁvs sﬁm

f or exanmpPEeSNY draacbiXrd 1e6n o6 18 rphlyddized drd.| Fhecgacderst pan 19
reacti on gaseperatred@ddabatbchMivt hraigpishexmadhyi Sthemepsingderfixied bed
reaction condrfmogtanenfwaemwpﬂaaalyéf paie cashlysd etnhydr acfiiyedSin oy

Zr ggnr‘ml ar rkgxéé%wggogmﬂa%@ohglﬁ h%&%d@?%ﬁilﬁﬂi@vgygﬁ@?ﬁ%shﬁa@:g&?d ' 2
to 200, pref %E tat‘]' v étl{?b | ﬁgf‘l £ rg}a,qgg?e ﬁrom to
4. Hydr ogen18 errégiyoglf%%ac ﬁﬁ e SsTpen RiuRRLLFY o

and/ or, divi éé&eﬂﬂ rmaradvpt upeds ©of Bhe%u'b‘ﬁ lféaﬁtOr aks opeyakedus points on the
reactor. zrbhgdmebaﬂz,caﬂlig,rEaciambegaévak&agsnusstlmg)rdssem|mdxyeasé the
adduct 11 )édl@@ﬁrh&@dofi{he redesi o, tanowaer thgdemperpose dfo¥Re t he
gat al yst ag 238 & gasVEEO&H ealfing VQ:EE éeaﬂngloﬁlﬁaeﬁsagé}w b%&gg%oh% to
T,he react | oneflg th%l ggx;ﬁ f;&%g be#%i‘f qet%‘ggf ﬁﬂ’)’@&é’tﬂg %%%5
preferably f FSﬁ?‘i’Eﬂf‘ {9853 B‘Fe‘?rr éﬂéie‘b“é’r"t’ﬁ ohl & ‘F % P5nfe8h
0050/4733 reactants such as hydrogen or adduct2pl bqﬁyeggoF@¢rqnglv&ﬁgaht a
pressure of5 déred abdds .f When Oa lural POy bali fixe@roddy disl pmpioyed). €heo 50 bar,
in particul arehé®idnl inOtBE Dedividual TRLIMY lbedp béFor@ATBOUSasE Fkie@Nbed

pr oduct It qanadun&%gbﬁ@ﬂy 48 ed JEPIHN: bzgt[smfaq BbIRSNSAI, Cor
pressure, Qx@% @e%od' r&Gilueksioh %Pf} §PJC 3lds0N 1gPRALAIYS ¢Rd there
fractlonat ed I N cONSt 1t USNLS ati

eactlon gases can be di ute éi a gas $%1ch is inert under the
reaction conditions, for example nitrogen, saturated hydrocarbons
or argon.

In the hydrogenation in the gas phase, the hydrogen is added in a

35 molar ratio to the adduct II fed to the reactor of generally from
1 to 200, preferably from 1.5 to 80 and particularly preferably
from 2 to 40. Hydrogen can be fed to the reactor together with
the adduct II and/or, divided into a plurality of substreams, at
various points on the reactor. In general, the reaction gas

40 consisting essentially of the adduct II, hydrogen and, if
desired, an inert gas is passed over the catalyst at a space
velocity of from 0.01 to 10, preferably from 0.05 to 5, in
particular from 0.07 to 3, kg of reaction gas/l of catalyst-h.
The reaction is generally carried out at from 20 to 400°C,

45 preferably from 100 to 350°C and particularly preferably from 150
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10 For the hydrogenation in the gas phase, it is possible to use
essentially the sane heterogeneous catal ysts which are al so enpl oyed for
the reaction in the liquid phase. Prefe®nce is given to using purely
inorganic, mepessdecatanklyst Sa igrebBfre ofJdenBPabEy FrRaesSs & afoer bed,

catal ysts ar re%é’fat?fy’“ﬂbﬁ‘\ 0.2 It%JB opied ;ﬁ@bﬁﬂ%&ﬁaﬁ“@&hsﬂ&%‘o‘aﬁ%ts of

transition groups I, and/ or VI possibly 1n conbination with
one or nore el enent s of transition group V, of the Periodic Table of the
El ements, i nTpawdéricuiparthel gasevus abattiorsigrodncyy aitpsahn, M |demicded aitdd of
the Peri odisc dfef@bé@sulflztat&@oﬁl €RtinSs pHEPLRS igredse A b0 iRLOSGIQM Airbevly

aci d support 4 H@{;eé'ﬁst%lgéi‘é& QEEs ?df%hg!ééafrad%‘l‘éﬁﬁfcé&eﬂf@c‘i@éa' ysts

are , for exa 0 |va ed car copper on si

di oxi de, copﬁgg B%tuerﬁﬁ?l ggefqﬁﬁﬁ (’JBBér on silica gel, copper on titanium
di oxi de, copper on zirconium di oxi de, copper on magnesi um silicate,
copper 25 on Féhcuahéﬂlﬁ}cﬁ*obbﬁatﬁm GAPRBE &db @hﬁaehl ﬂg i st;SI&)R;%r us8
fﬁ?L'efq.eum"é"ngé?E%‘%%m ShE (BT (FRENendle ALY GIEh D a1l et um on
zi r koni um di §¥Pg8Y® %eﬁ}’ﬁn#%‘#{ﬁof’aﬁf’uw 114 6§ %asepaFF %ﬁiﬁﬂ Sn &l umi num

oxi de, pal | a@iufNoFP JINGoRUTRLY i IGereaniGys MiRgF &k SHEBYFLEEM T I at e and -

pal | adi um on gastphage dprocessar yefearad ysatalystei are y fooi evarmpiles t h sel eni um
or lead, __ puppbited @atalystsurompriiceng pdlkinenus of tHanstobomligrouge, 1hi ckel
on Zi rkom]L?mVQ| Oﬁftﬂeand?'o(ikehf’n posipeP i Qomdenati Gk QlitRNone & WELEUM

oxi de, - ni Cke'eigfagﬂg 1 (LHOL O %Egg U khe Bt kB dhothde.

process of t f eﬁ?‘é%%'nt”ﬁ ﬁ%ﬁ’r‘ﬁ‘b]r‘? é’f& i r?efdtrﬁn%wndgfaws T $EEnaRfe
ai d of the fVaRLdPhGHhemPERiPREC fﬂia@}ﬁ'eo ftheh BEAgmertbmetePeaitsd Hods an
advant age Beibhstedramnt Lewis afixd shppbredidtesrial eor rhiastigr eupgort, 3- but adi ene
or a butAdimarercon! dvahgadyslisDcathbysts xrer ¢ &) evathpas, adeppeal oROH 1
(4), preferabloy;psted albonl Sca;rﬁerroeacgﬂndﬂnodabﬁla@a% peZ-od N 45 the

reactor 2, t e ?E‘%ho]_l ?gé%% %%q&ﬂ#té%gll Ic)épsggegn qﬂ& Rﬁm cglcgulagt adi ene,

with a mxture o

product fromCRESF e%fbt’dF°2n196F1|‘E:‘r?x&8ﬁsu%‘?%Per on ma?fﬁ%ﬁi‘/“ﬂ‘?%éélcate' °°PPer
21  essenq @l 9lvm@1a'd@aé@§a¢¢r HOPPEY | on HR1SRCBANY | $RF Hhut GEPRSe O

derivatives aedliheecanttbeéning- dauta@ctuea‘eecamhr@bcohnhtm&um on sa¥uwdnumyi a
line 5 to thexgas) | futilehianpedn adiliiconi dioklide) gaswenium oh, Badndsddinene is

separ at ed fr%%.EEe fﬂ%nQuﬁoﬁtéﬁﬂk%ﬂiﬁmoiléﬂ%ef’ Feaddion BhOduUGhiaRd 1S

ei t her retur %dZUm ?ﬁ(%fﬁﬂgPum lfgdld% 8?” f%é by line 9
totheflare %f_ﬁéao |s conéeyed
via line 14p £4° Xlii‘ﬁe PFF’ﬁt‘?‘brPat’f&Pﬂnﬁu |%‘HL URoPR ARHEE

adduct 111 a§b§Ep%?teétlé’étﬁyP@F"'thaimh’aP?b?PIf%MtheSEFJeeé’é-“WoPét }ead,adduct ||
and platinum on aluminum oxide, platinum on silicon dioxide, nickel

on zirkonium dioxide, nickel on silicon dioxide, nickel on

aluminum oxide, nickel-copper on aluminum oxide, cobalt on

silicon dioxide, cobalt on aluminum oxide, cobalt-molybdenum on

35 ) ,
aluminum oxide.

The process of the present invention is explained in more detail
with the aid of the flow diagram in the figure which
40 Schematically shows an advantageous embodiment.

Via the feedline 1, a mixture of 1,3-butadiene or a
butadiene-containing hydrocarbon mixture (3) and an alcohol ROH 1
{4), preferably n-butanol, is introduced into the reactor 2. In
45 the reactor 2, the alcohol ROH 1 is catalytically added on to
1,3-butadiene, with a mixture of the adduct II and III being
formed. The reaction product from the reactor 2, which consists
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'10 -al so from any al cohol ROH I still present and high-boiling but adi ene
derivatives. The adduct 111, unreacted al cohol RCH I and any unreacted
1, 3-butadi ene still present are subseqaantly returned via line 12 to the

reactor 2 whaddardia1agdoued ddducts 1 dn@ORRE] Zt?ﬂ;tﬂ-ﬁoﬁ.'ﬂﬁng &&%a&en@f freshly
i ntroduced ldé)ic %ttiaLQEQngn n%gc@é h%l-[bﬁga_%:{?x{e afnar la% gc f%% an
ogether

alternati ve viev 13f

With the Huver o the H@S‘Zglwf{ REBRERLTT® 1A VARGD [SARSBOF  er s, eg.

vi nyl cycl oheke}Té’uﬁ:éélﬁﬁge’t%élePﬂFFFPQ rferoyutb%tllfqveﬁh FEREEHIEAtSoOf thehe
colum 11 &resadtiiodeproduct agdt hereititdr trhturmsi chial 120ehHut,adi eoetlsepar at ed
off in the coddttorld, ooiw @afleyed Wutlige 86to tHeOflhgef ITee1ifni@l ace of a
single dist 'xhi:?édx%noﬁ%ﬂgh i thé ééparate!rse POInbkGed OFi L ﬁwrﬁé'éov of

distillation,_col connect.e Seld L3, n
hlgher bOI|I%ﬁéfé;§C§ligtlé% col 8n ff in Whﬁﬁ tQﬁ; g Feﬁé%ﬁ%iie aaduct IIT

Cts, eg._a
al koxydodecat¥ i #RaTatH rﬂoStr’r batigf fGGF‘pE‘E‘;'/f]reéﬁ veldtile addgep Ll and
separ at ed1Pr akse r@oa)daaztallqohaﬁdROH ¥ atddédrresntt padphigledoildndice t hese
conpounds dobuiddilemeedérivativesn The dudiicoge®hngt ivmrepdted sals®hail aROWIT can
al so be om tagdl @yd unreddreedilllxpeEdfidinN 88101 ﬁéseasydgﬂecsaﬂ:rsbqa@&t n be

fed together g ufﬂehhvaaelﬁ;@;ﬁt cb! e1d adi-88r é rkhendy &@%ﬂigtog r eact or

14. 30 The Id tp e e

mor & vol at || SSRRRREES 1P iy PEPOPORE (i (ARG I §Pﬁ?§ BEASYERRI | i ng
by- pr oductg, 7% alsobeil tRH tloget AeF™viiteh a&ﬁPﬁ‘éc‘ETedAs ag| %JtﬂﬁﬂnaRG‘FI fed via
line 13 to th@ﬂemm ofbaatnnsactedce behohpl3payhakse peefaddagether| with the
hydr ogenat edaddudth@Ipresehire A8 8o thehawageoeols. Thehtdwermgaees|iseg.
transition ngigy 1®%t16h¥§éné Eedi ¥8gethd&riknbeite/ lovdbli¥! SN eakbVor Theo

hydrogen rqu%e&%l n, ¥4 fl 1h visg desife{&e %ﬁe%eé@uth“ghy&eeﬁr %%]%E' on product

fromreac onsli st s SSG a
i gh- bor | PROPREAGARS BeREr 4R P ESLn (iGlE © impw SRt dbeg s 8Pf'1£‘?t &6
dodecyl al kytoeheeflpFas, In place ﬂ%rﬂ) 38s %%ﬁléily’%twﬁa%"]b’é@n dsett i3 t he
reactor 14, sks@lposisiblgofan |aoplursliiad ofi distihidationocohunndi ¢pi béati on
colum 18. 4bonrlivadt e dvrriegenThss nasddlest Rkeerobbiting | fewetiBnand eit her
returned via J:d»dlﬁ:?;slé orath ctaélé&@scrolroaméxyoﬁ>deea¥§y@&est OpkB€ent ifd are.
| f desi re‘iis ‘%ﬁ %%Po&%a%ltai’ ?etos%%arg %%Tc{ £8%m %3 addu995£’f %}%33

| ?

22 t t
the distil] 3{%91 CERi| HAP IACCRS .| SATICen ERRES SARPOURRs 49 giptadhtlrfere |

the distill a%i‘o‘?f‘%@ﬁ’dﬁﬁg?@a“ﬂﬁ‘e[ﬁ?dr%gF@rP&FPBh"fbr(‘@d‘uéﬁs?r‘?ﬁnO‘“lltéaét%)‘Fd 14 is
separ at ed i ntke ialkoxyastadismess obyaltkastvidodacaurienes| oan bog | fiedg thyeprexduct s
are taken of#wieti theeatipctyizx hiAelPfe ardd to 8he Hydrbhehapidn fue@dtbn BN

addi ti onahkedi stillation stage which is not shown here. The n-butyl alkyl

ethers are di scharged fromthe 10 colum via |ine 21, higher-boiling

products, foFR@xAAvie OBERuf fromaeelumn, e  whichy hasqbesn el o&t HRf s, are
t aken off vi more volatile adduct III and of low-boiling and possibly

higher-boiling by-products, is, possibly together with unreacted
alcohol ROH I, fed via line 13 to the hydrogenation reactor 14

35 where the adduct II is hydrogenated in the presence of a
homogeneous or heterogeneous transition metal catalyst to give
the n-butyl alkyl ether IV. The hydrogen required is fed in via
line 15 or 16.

40 7he reaction product from reactor 14, which consists essentially

of n-butyl alkyl ether, high-boiling butadiene derivatives, for
example octyl alkyl ether or dodecyl alkyl ether plus, if a
homogeneous catalyst has been used in the reactor 14, catalyst
solution, is fed via line 17 to the distillation column 18.

45 ynreacted hyrogen is mostly taken off via line 19 and either
returned via lines 15 or 16 to the reaction or is conveyed to the
flare. If desired, the hydrogen can also be separated off by
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plurality of outlets (22) in the |Iower part of the colum 18. If a
honogeneous cat al yst has been used in the reactor 14, the cat al yst
.solution is taken fromthe bottomof ti@ colum 18 via 15 line 23 and, if
dei' red aftqgjhﬁise%ébag%{&éh1@u§abfé;s£@amo9f iN§6A 1ed BEEWSltne %el:éték?rt %t ﬁnd
maki ng up wi S S | ur o the
reactor 14. e P’ig ﬁia}ﬁ |58a rréanags Eﬁ%(/\?\aéf rlg%lggtia }frf%%ﬂg%Exarrpl el
and 20 fromV@%5/r19334 that an isonerization can be carried out by
separation of the adducts of alcohols with butadi ene and recircul ation
in order t% Jrddecdishillagienofolymn tife khenyrdrogenahion lpmoddotufmoxt st at es
or suggests idwmitoal kYl idueparatbermiwants chestSteenssi vy dispriepatssh.in a

novel and i ngiiatddiakhy Wﬁfo&ﬁcé‘QVﬁE acqsagﬂsof@%e&h@yt Qﬁ@ohgﬂé'ﬁ‘a‘ﬁh
Eggh;:gg reaggé 'rthe t%%i?%& IOhsg &%éo q% Féng# %%gglqw ich is
i soneri zat | °C"§u§?’éea'ct | Fyutyl al N ‘Eﬁ' &r éff"o‘ﬁlﬁﬁ a&%ﬁtf&' ™ &Ny |

et her ni xiQr‘éOJSQm( Jipulng Bt - hl@h@mllnﬁmmmﬁf 2fenexappde e 0qtiydd out
as descriabBdrl etheaspdres dbdecyld alkyl8etbedd, afre\Nrkéd FX34ia a The

i sonmeri zati Oplllafaladgusf ddtlel8 @oiElyGin kthel NowerSQRIEASE the icORRA | ZAL iT@N

stage or by § GidiigheRobdicAddyst Rls Wit 0ot Lhb #0a0:5ha90uA&) vas
88r5r0} 2(;383} astaq.eSS%r %fu Zﬂor}l 1sagg]f§n 5from m }1 g ecg]_ul%n 18 via

(Hydr ogendfi biP%HP2 3t ﬁ@dad’dﬁ.l&esllFe‘ByafrF@&nglﬁ?dlng °ff a substreaoaHeifcous

catal ysis) catalyssinviatbidieadd and mdkdngeupi with) £28shy eftalystcaolition 5
HRudl ( CO) ( PRl erlilneand, 26 $=tgridd Ccamahk) redctlorbutoxybut - 2- ene and
the m xture was stirred at 150[err]C for 6 hours under 18 bar of
hydrogen. The_ reaction m xture was subsequentlrg anal by nmeans of

zed
cal i brateg GAEERANIBAE ot AIFF2IR KO ATFERSTDIF P2 83 (Exgzpde 4} -3hdhut vl
et her was2Bbfxdmaie @F{ 9334 ahatt ayiispmerizgtion @@ be danyiedxpblitbyl- ene
with a sel ecéépddarioh 3f dohenddducts of alcchols with butadiene and

recirculation in order to produce only one of the two isomers,
neither document states or suggests that alkyl butyl ethers can
be successfully prepared in a novel and industrially very

25 advantageous manner by a combination of addition reaction,
separation, isomerization and hydrogenation.

Examples

30
Example 1 (addition of alcohol onto butadiene and isomerization)

(Subreaction a)

The preparation of a butyl butenyl ether mixture
35 (3-butoxybut-l-ene and l-butoxybut-~2-ene) was carried out as
described in Examples 1 to 4 and 8 to 11 of WO 95/19334.

The isomerization of adduct III to adduct II in a separate
isomerization stage or by returning the adduct of the formula III
to stage (a) was carried out as described in Example 5 of WO
95/19334.
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1, 1- di but oxybutane with a selectivity of 4 % b) An autocl ave was
charged with 0.24 g of the catal yst 15 HRh( CO) (PPh3) 3 and 26.95 g (210
.ol ) of 1-butoxybut-2-ene and 2Be m xture was stirred at 150[err]C

for 6 hours pindenel8 bar(t@ﬁrogenatlé?yggfogﬁé‘ adHiet! e2Chy HealkXbHr € was

subsequent |y anal yzed b i brated gas chromat ography. At
a conversion of %f“%gea?‘?l%g-ag%t ? e?%er was obtained with a

selectivity of 76 % 1-but oxybut l-ene with a selectivity of 13 %
and 13- duirblamwbm@nmsv\bhhr@e Selthc oL 25ty off tBe%atalystExanpl e 3
(Hydrogena%i on qfrdcicadigrid,) aﬂWZ@@@ 9210 mmol of 1-butof}R-Q0EROUS
catalysis in the ld QuL d f:) %gs gbﬁco(‘f Cﬂséggdlélm&i& 0.1

g of the catal ysatn m on ac |v car bon

nmol ) of 1- btfotyd Pg?ne e APRETIP MIXERFBRS bS‘F ’}F&Xr gna yzed
100[ err] C under by meanpapf cﬁalrwgaég@rsaq [FBrpBALeILAPhY- xhtire oRayersiey Afd by
means of 30 cal i9% &t edigasbutiyloetaheyrazhybtiAined oothe asseleifivily % £

di - n-but ytOet her90/\/a§ abbat sigbuti-t befe SEl@ChI ¥elsctifvi83 §€ 3 3 anBxanple 4

(Hydrogenation %&bﬁ@ uééneb¥rﬁ§%p%eﬁgctlv1ty of 4 %, het er ogeneous
catalysis in the gas phase A reactor was charged wth 100 m of a

ni ckel / copper/al um num  oxi de catal yst having a nickel content, calcul ated
as NNO of bpO 2 ptocilgie veasdchacggberitholt 2htg afaltheledtmiya& CuQ, of 17
% by weight. Tdeh(coTRePRi)yrand26.68 §alBl0y Giolofas buBGXPRRES -efle 40nd

e v chony ar SPEETIRELL vad QWSS LA JI-BESEL S SufE il 20 8P or (2
subsequently i ng?yrre&j?p 'ﬁ% Elo{%’%ﬁ?% féOWe ﬁubsﬁﬁg?gglr% atf‘lalé'zed 1Wours
45 The reactor VBRAMSHEAK E%Jo’rr@‘iftteé 979 [ FHTOFEtaRtRRY gl pfoonversion of

1- but oxybut - 2- er@2 \ias dpanskutnlheshgh warke obsasned witthapngelsntrivity of
pressure. At t he76 a&ye 1tbaeoxybutydrene nvigthr eanebéctivity/ bf vids ¥ add

0050/ 47333° 1,1-dibutoxybutane with a select2#ity lo¥ Bhe, reactor. After
cooling, the si ngl e- phase, |iquid output fromthe reactor was anal yzed by

means of calibrated gas chromat ography. At a conversion of 99 %
di -n-butyl ecEfamplgad f@lvdEeIanation of| éb?lifid{“ftoﬂgw Jgeaps of
heterogenous catalysis in the liquid phase)
25
A glass autoclave was charged with 0.1 g of the catalyst
palladium on activated carbon (10%) and 7.0 g (54 mmol) of
l1-butoxybut-2-ene. After a reaction time of 3 hours at 100°C under
12 bar of hydrogen, the reaction mixture was analyzed by means of
30 calibrated gas chromatography. At a conversion of 99 %,
di-n-butyl ether was obtained with a selectivity of 82 %.

Example 4 (Hydrogenation of the adduct II by means of

heterogeneous catalysis in the gas phase)
35
A reactor was charged with 100 ml of a nickel/copper/aluminum

oxide catalyst having a nickel content, calculated as NiO, of

50 % by weight and a copper content, calculated as CuO, of 17 %

by weight. The temperature of the catalyst bed was increased to

200°C over a period of 2 hours in the presence of activating gas
(2 % hydrogen) at atmospheric pressure. The hydrogen content was
subsequently increased to 25 %, 50 % and 100 % at intervals of 2
hours.

40

45 The reactor was then cooled to 170°C and 24 g/h of
l-butoxybut-2-ene was passed through the reactor at atmospheric
pressure. At the same time, a hydrogen stream of 9.5 1l/h was fed
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0. - 15 20 25 30 35 40 45
0050/ 47333 W claim 5 1. A process for preparing n-butyl alkyl
ethers which conprises 24

to the reactor. After cooling, the single-phase, liquid output
from the reactor was analyzed by means of calibrated gas
chromatography. At a conversion of 99 %, di-n-butyl ether was
formed with a selectivity of 99 %.
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a) -reacting 1, 3-butadi ene o ta| ni ng hydr ocar bon
m xture wth an al cohol of ,' m)m'm, RCH
o, where the ralcaL CZO al kyl, al kenyl ,

“cycl oal kyl or cycl oal kenyl group, each of whi ch may be

unsubstituted or substituted by 1 or 2 (Jerr]-(err]-al koxy or 15

hydr oxy groJﬁ%Fl&lﬁferr] -Cerr]-aryl group or a (Jerr]-Cerr]-aral kyl

group or the nmethyl group, at el evated tenperature and el evat ed

pressure in {he pg ﬁ%ﬁgﬁg P&% %g‘%&;QP %41-%%91051@1 ethegs whi dr?x %/Pﬁ?ﬁfg%ence

of a conpl 8x of | enment t he
Periodic Table of the Elenents vm'th 20 phosphor us-

ni t rogen- cont ai rang deagatdg 13- puteaddene or a butadia'net%betminmtﬂucts of the
formulae Il hyd¥@carbon mixture with an alcohdEldfl the formula I  Where
R is as defined above, 35 b) separating the adducts of the formula
Il and 111, c) isonerizing the adduct 11l in the presence of a
catal yst 10 as indic®O8d for (a) to giveIlthe adduct Il and 40

d) hydrogenating the adduct Il in the quuid phase in the

presence of a hormge eQus ggneous nsitig met al
catalyst or in the g erﬁhgg?a ]l‘“néntclﬁ'ﬁ‘ Er t2ehcd o"f° atﬂ(YT alkenyl’heterogeneous

transition netal - corﬁyé’llﬁiaﬁﬁy%a?ralcyé’tm?%kwl gr°up' eagh, efawhich eyl ba| ky|

et her of the f or mul aunsubstitute®@E30AyPgRituted by 1 or 2 C;-Cjp-alkoxy or
hydroxy groups, a Cg~Cig-aryl group or a C¢-Cjj-aralkyl
group or the methyl group, at elevated temperature and
elevated pressure in the presence of a Brénsted acid or
in the presence of a complex of an element from group Ib,
VIIb or VIIIb of the Periodic Table of the Elements with

20 phosphorus- or nitrogen-containing ligands to give a

mixture of adducts of the formulae II

R 2N II

25

and III

OR
)\y IIr ,

30

where R is as defined above,
35 b) separating the adducts of the formula II and III,

c) isomerizing the adduct III in the presence of a catalyst

as indicated for (a) to give the adduct II and

40

d) hydrogenating the adduct II in the liquid phase in the
presence of a homogeneous or heterogeneous transition
metal catalyst or in the gas phase in the presence of a
heterogeneous transition metal-containing catalyst to

45 give an n-butyl alkyl ether of the formula IV
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"2. .A process as clained in claim1, wherein the reaction of 5

1"'3""‘bUt adiene or a butadi ene-contai ni ng hydrocarbon m xture with an

) s carried out in the presence of an acid ion

: mmmﬂﬂ A process as clainmed in claimi1, wherein the reaction

of * |ene or a -Utadiesngk cont ai ni ng hydrocaI\bon m xture

wth an al cohol Is carried out in the presence of a cat al yst

conpri sing an aIkyIphosphine, aryl phosphi ne or aryl al kyl phosphi ne

conpl ex of a2ir amgprdcedsnes adldimed §fi cdlaimld, whendilnbthe ddddionf ofhe

\Tﬁ(ra:’ce)?lnct ;I]-:b:’:agi 5%1:?&@33&“& a butédlen%-lébﬁ‘égn?l@lrfﬁz h?h?b%dd’gn‘ikﬁhf% 1,
tian alcoho]t RO a]’c' a%l{i’lg&ﬂ@ Htadi ‘F’P%s&% ) %ﬁ

hydr ocar bon m xturge £ iI'S carr out
presence of a 20814 iox 8?‘% N3 npri si ng an al kyl phosphi ne, aryl phosph| ne
or aryl al kyl phosphi ne conpl ex of pall adi um 5. A process as

clainmed in chai nllprd@é%%ehé‘ ¢NAMcONE ¢ Zdilnl Q) Pherein thel REadd®acChbe! Il tO
gi ve the 8duct * 'b%t%ﬁ%éh@ﬂaf‘& tha&ﬂeenez%opt?HP{ﬁ ggﬁfx‘?{@ ix&?clcéﬁé as

is used for cata %COI‘dI ng

Zin
Lo the subreact | BHCR B 23FoRpk ROB 1 is GRRFSEd PYE L DR PRERPIAS S5t Py 1o
the subreaction ¢ajalysd pemprising pgopdkylRb@sphirey taxYdphespiMea®@duct |1 .
30 6. A processagglaikyilpbdsphiinel apmplex wife ae t nansdnst ilppd me geh afticon group

(d) is carried owtin o be1ib 8 dhphaseiddid MablaésoPhecED¥REnts . a
heterogenééus hydr ogenati on catal yst. 35 7. A process as clained in
claim1, wherein the hydrogenation (d) is carried out in the gas

phase in thefpreBdiiacess af claimed fpgglaighd,heherdiderdeuseactinny of
conprising one ot,3¥ndadiene orlacbphédidnemonheiging hydrbraklidn mikkbrand/ or
VIITb of the  with ReYia0dbRollaulre 10is tdwrdie@met sin the prefenceAdfiir acess as
cl ai med '3 clai %Jtawg%r %bﬂpffﬁdathogﬁwﬁh%pmne, ar(y@Lbhb I8l iogd out in
the prese 8¢ of ag a%?(grl gogphme comf&groqggggggg tal yst conprising

pal | adi um ni ckef*%r e of these elenents on a
support material. 45 0050/ 47333 3
5. A process as claimed in claim 1, wherein the isomerization of
the adduct III to give the adduct II is carried out in the
25 presence of a catalyst as is used for catalyzing the addition
of the alcohol ROH I according to the subreaction (a), or the
adduct III is returned directly to the subreaction (a) and is
isomerized there to give the adduct II.

306, a process as claimed in claim 1, wherein the hydrogenation

(d) is carried out in the liquid phase or the gas phase over
a heterogeneous hydrogenation catalyst.

7. A process as claimed in claim 1, wherein the hydrogenation
(d) is carried out in the gas phase in the presence of at
least one heterogeneocus catalyst comprising one or more
elements from the groups Ib, VIb, VIIb and/or VIIIb of the
Periodic Table of the Elements.

35

40
8. A process as claimed in claim 1, wherein the hydrogenation

(d) is carried out in the presence of at least one
heterogeneous catalyst comprising palladium, nickel or copper
or a mixture of these elements on a support material.

45
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"9. .A process as claimed in claim1, wherein the al m,#:""mw Im used is

n-butanol and is used in stage (a) in an at |east ohe ¢ XCess.
.5 10. A process as clained in claim1, 3sherein the reaction, | east

'in stages (a) tq g‘f))ceé@ erar b SHe®Uin 'c'iag.mel Preseass e alcohoﬂpRél-P 20 % by

wei ght of water, se { e lon mixture, 1 15
o5 30 a 9 Lhyta%oi %xgé Ee AR n stage ?a) in an"at leas%: one
molar excess.

510. 2 process as claimed in claim 1, wherein the reaction, at
least in stages (a) to (c¢), is carried out in the presence of
up to 20 % by weight of water, based on the reaction mixture.
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