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Descri ption The present invention relates to a process for the
preparation of n- but yr al dehyde and/ or n-butanol . n- But yr al dehyde and
n- but anol are major projects of the chem cal 10 industry and are w dely
used. n-Butyral dehyde, for exanple, is produced worl dwi de in anmounts of

Tore than 4Bl 08l e puct ORRAERe A0H/08 wiaRdanbiter A ia, as o

starting pr epar a ion°o astici zer al cohols. n-Butanol
is used in |arge anounts as solvent, for exanple for coatings. 15

Today, n- bRSACAILBEAYHe is produced on a large industrial scale virtually
excl usi veby by hydrofornylation of propene, using various processes which
essenti al | WWr@Eeﬁﬁbﬁ{\ierﬁﬁohhﬁéﬁ.aﬂﬁs tbydr pfatend dbrothe girdpashgion of

(Ki rk- Ot hnmeg ‘ﬁr}ggghg%g anafoEheBt@nodQ Technol ogy, 4th edition, Volum 4,
pages 741 - 746 Joh ley & Sons New Yor k 1992) n- But anol is one

of the nost inportant secondary cts of but ald n ter
quantity arrButyzsgidehede ﬁ'ﬁ’gT Bf’?'g fﬁeh%?%@é?ﬁ?tjle ‘ﬁer%re 6#‘85‘%%% s for
t he prepifatndnstsy andarmoridely asBuhEr pldahy ééna fonHrexample, is

cr ot onal dehyrteiuceldi wbrldwitder dni smountyy odumede bshan domitbintemedriion of

acet al dehydgonsiyRaROdh@Ny uekd, ifMtert ANiad as N tReting, matdedalngor the
m crobi ol O}%zc% rQ'EQPHcéf (Hla%ftlcm& tﬂ'itc%agh.s byn-tl':hﬁ;afn%ﬁ.”?@t@ééd)rinoﬁ.a@é asses,

are only o L.Qna ance. (Ki cycl opedi a of Chem cal
Technol ogg 5 Rdf?1o Ve V tng* é[" %%tln%%% John Wley & Sons,
New Yor k 1992) These processes I n part i cul ar the hydrofornyl ation of

propene, rebpdaye hirhtyesidedlydeots oradycedxent darge industriali ggale of

hi gh- pr essuvirpladdysekcludivelgobypl hydwaifairny bat inrd okf propémd i arsidg or for

the pur chas@a®foulsh ream VWA iEROSE sHRtGal Ay Yehpldyh@obalt NSt alto@ibans for

handling i th &c}é& rp r&ﬁ?gé@@ @kl Bfl-:hmezf_lwcﬁnlé&ego £PYHE chemical

r hodi um al ni urt &re%a%gt Ion of

n- butyra Qgg %@}? SFOr%r;llsug’tldn ?%%ess reqwfes synt IS gas
t

pl ant s mhlc §ynthe5|s gas reqU|red for the
hydr of ormyl ati on. further disadvantage of the hydrofornylation process
is the lar gnz-Butaamlums orie tdfe thy pnesh dimpogebnit yse::louhdlayﬂepmdsdu:dtﬂ of

i nevitably n-pytyednaelydddin Seehs! ot td\ﬁn%@&?'eéﬁd als wBkaendEamezefrbmCsyn be
further ngﬁkéggdénaglghrndéﬂéraBPUégéﬁe %or the preparation of n-butanol,

such as the hydrogenation of crotonaldehyde, which in turn is
produced by aldol condensation of acetaldehyde, are now only of
historical interest or, like the microbiological production of
n-butanol by the fermentation of molasses, are only of regional

30 importance (Kirk-Othmer: Encyclopedia of Chemical Technology, 4th
edition, Volume 4, pages 694 - 696, John Wiley & Sons, New York
1992). These processes, in particular the hydroformylation of
propene, require high capital costs, for example for the erection
of high-pressure plants for the cobalt-catalyzed hydroformylation

35 or for the purchase of the expensive rhodium catalyst, the
installations for handling it in the hydroformylation and for
working up spent rhodium-containing catalyst solutions.
Furthermore, the preparation of n-butyraldehyde by the
hydroformylation process requires synthesis gas plants which

40 deliver the synthesis gas required for the hydroformylation. A
further disadvantage of the hydroformylation process is the large
amount of the byproduct isobutyraldehyde which is inevitably
produced and is of little commercial value because it can be
further used only in limited amounts. '
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30 were used as catalysts for the addition reaction of alcohols with
1,3-butadiene. Chauvin et al. (Bull. Chim. Soc. France (1974),
652) investigated the addition reaction of alcohols with
1,3-butadiene using trialkyl- and triarylphosphine complexes of
nickel and of palladium. In some of these reactions, alcoholates,
35 in particular phenolates, were used as cocatalysts. According to
DD-A 206989, alkylpalladium(II) complexes with trialkyl- or
triarylphosphine or trialkyl or triaryl phosphite ligands are
used, in the presence of alkali metal alcoholates, for the
reaction of isoprene with alcohols. Kawazura et al. (J. Chem.
40 Soc. Chem. Com. (1972) 2213) use rhodium(III) chloride as a
catalyst, as does Dewhirst (J. Org. Chem. 32, (1967) 1297).
Taylor (Symposium on new Routes to new Olefins; Division of
Petroleum Chemistry, Inc.; American Chemical Society, Boston
Meeting, 1972) investigated the addition reaction of alcohols
45 with 1,3-butadiene by means of copper(I) chloride and
rhodium(I)-alkadiene complexes. Jolly et al. (Synthesis (1990)
771) mention the reaction of 1,3-butadiene with
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30
US-A 4 658 069 relates to a process for converting allyl ethers
which additionally contain a formyl or carboxyl group into the
corresponding diacetals, the allyl ether being reacted with an
alkanol under anhydrous conditions and the water formed in this

35 reaction then being removed in a first stage and, in a second
stage, the allyl ether acetal obtained in the first stage being
converted with the aid of a ruthenium halide catalyst and an
alkanol into the saturated diacetal. Iridium halides are also
mentioned as suitable catalysts. Under the reaction conditions

40 stated in this patent, only the saturated acetals are formed.

JP-A 25114/1972 relates to a process for the preparation of
acetals from allyl ethers by reacting the latter with an alkanol
in the presence of a ruthenium(III) chloride catalyst. In the

45 example of this application, l-methoxy-2,7-octadiene is reacted
with methanol and by means of RuCl; under a nitrogen atmosphere to
give 1,1l-dimethoxyoct-7-ene. In a further stage, the double bond



40 stated i rO9PP44T88%nt, only the saturated acetals are formed. JP-A
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unsubstituteﬂlaﬂts or additional purification stages, for example a cobalt
25 removal stage.

We have found that this object is achieved by a process for the
preparation of n-butyraldehyde and/or n-butanol, wherein

30 a) 1,3-butadiene or a butadiene-containing hydrocarbon mixture
is reacted with an alcohol of the formula I

ROH I,

35 where R is C3-Czp-alkyl or alkenyl which is unsubstituted or
substituted by 1 or 2 C;-Cjp-alkoxy or hydroxyl groups, or is
C¢-Cip-aryl, C;-Cji-aralkyl or methyl, at elevated
temperatures and superatmospheric pressure in the presence of
a Bronsted acid or in the presence of a complex of an element

40 of Group Ia [sic], VIIA or VIIIA of the Periodic Table of
Elements with phosphorus- or nitrogen-containing ligands to
give a mixture of the adducts of the formulae II

/\/\
45 \ OR 1T



substituted B959/87850C  err]-Cerr]-al koxy or hydroxyl groups, or is
Cerr]-Cerr]-aryl, (err]-Cerr]-aral kyl or nmethyl, at elevated

t enperatures and superat nospheric pressure in the presence of a
Bronsted acid or in the presence of a c8nplex of an el enent 40 of Group
la [sic], VII A oandI117A of the Periodic Table of El ements with
phosphorus- or nitrogen-containing ligands to give a mxture of the
adducts of the fornulae |1 45 _ OR

I 0050/ 47850 OR 5 and |11
[err] 10 b) the adduct WII Is. isomerized to the adduct 11, c)
the adduct 511 is converted into etal of the fok®lila IV

[err] OR in the presence of an anmount of an al coho
ROH I sufficient 20 to formthe acetal IV and of a honpbgeneous or

het er ogeneous transition metal catalyst which differs from

di cobal t oct acar bonyl or hydri docobal ttetracarbonyl, in t he liquid
phase, under essentially anhydrous conditions, and %g n- but yr al dehyde
and/ or n- H@t&holta?eaqqﬁ9¥ Engh%equWQSﬁF?ﬂlgp the add%%%t * 1V by reacting
it, inthe liquid phase, wth hydrogen and water or water in the
presence of e&)horhgeadiuet AC is convelrebdr bsyahes atetabidfi whemfbmpulamtId yst
which differs from di cobal t oct acar bonyl or

hydri docobal ttetracarbonyl, and the oR
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in the presence of an amount of an alcohol ROH I sufficient
20 to form the acetal IV and of a homogeneous or heterogeneous
transition metal catalyst which differs from
dicobaltoctacarbonyl or hydridocobalttetracarbonyl, in the
liquid phase, under essentially anhydrous conditions, and

OR Iv

25 d) n-butyraldehyde and/or n-butanol are then produced from this
acetal IV by reacting it, in the liquid phase, with hydrogen
and water or water in the presence of a homogeneous or
heterogeneous transition metal catalyst which differs from
dicobaltoctacarbonyl or hydridocobalttetracarbonyl, and the

30 alcohol ROH I is liberated

and the liberated alcohol ROH I is recycled to the reaction in
reaction steps a) and/or c).

'35 The novel process thus consists of 4 reaction steps a) to d). The
reaction steps a) and b) can be carried out either individually,
in succession, in at least two process stages or virtually
simultaneously in a single process stage, the isomerization of
the adduct III to the adduct II in reaction step b) after

40 recycling of the adduct III to the process stage involving the
addition reaction of the alcohol ROH I with 1,3-butadiene taking
place simultaneously with the addition reaction in reaction step
a). On the other hand, the reaction steps c¢) and d) are
advantageously carried out in succession, in two process stages.

45 As a result, it is possible in a simple manner to adapt the
process conditions for the novel process to the local conditions
of the location where a plant for carrying out the process is
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plurallty of reactors connected in series, which are filled with
the same or, if required, different catalysts and are operated in
the same mode of operation and under the same or different
temperature and pressure conditions. Mode of operation is
30 understood in each case as meaning operation in the liquid phase
with the use of a homogeneous catalyst or operation in the liquid
phase with the use of a heterogeneous catalyst. Consequently, for
example, this application does not refer to a reaction in a
single process stage when catalysts capable by themselves of
35 catalyzing a certain reaction step are used in the individual,
successive reactors or when different modes of operation are used
in these reactors.

The reaction of the butenyl ether II to give n-butyraldehyde

40 and/or n-butanol can also be effected starting from butenyl
ethers II which have been prepared in a manner other than by the
integrated process described above, for example by reacting allyl
halides and an alcohol ROH I in the presence of a base.
Accordingly, we have also found a process for the preparation of

45 n-butyraldehyde and/or n-butanol, wherein an ether of the formula
IT
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25 The novel process is described in more detail below:

In stage a), 1,3-butadiene or a butadiene-containing hydrocarbon
mixture is reacted with the alcohol ROH I according to equation
(1)

30 OR

cat. o
ONF + ROH — > NN 0R N (1)

I II III
35

in the presence of a catalyst to give the 1,4-adduct of the
formula IXI and the 1,2-adduct of the formula IXI. In the
resulting 1,4-adduct II, the double bond may be present either in
the cis or in the trans form, but this is not important for the

40 further course of the process. The adducts II and III are formed
in general in a molar ratio of from 1:1 to 1:3, depending on the
reaction conditions and catalyst used.

The type of alcohol ROH I used in the reaction is as a rule not
45 critical for the process. Both primary and secondary alcohols may

be used, primary alcohols are however preferably employed.

Aliphatic, cycloaliphatic, aromatic and araliphatic alcohols may
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f or nickel.

The Brdnsted acids used may be, for example, conventional,

25 nonoxidizing Brénsted acids, such as hydrohalic acids, eg.
hydrochloric acid, sulfuric acid, phosphoric acid, perchloric
acid, hydrofluoric acid, tetrafluoroboric acid, methanesulfonic
acid or toluenesulfonic acid, but solid Brodnsted acids, in
particular organic or inorganic cation exchangers, are preferably

30 used.

Organic cation exchangers are understood as meaning pulverulent,
gel-like or macroporous, polymeric polyelectrolytes which carry
Brénsted acid functional groups, such as sulfonyl, phosphonyl or
35 carboxyl groups, on a polymeric matrix, for example sulfonated
phenol/formaldehyde resins, sulfonated styrene/divinylbenzene
copolymers, sulfonated polystyrene, poly(perfluorocalkylene)-
sulfonic acids or sulfonated carbons. In the novel process, these
cation exchangers can be used in the form of commercial products,
40 as available, for example, under the tradenames Amberlite®,
Dowex®, Amberlyst®, Lewatit®, Wofatit®, Permutit®, Purolite®,
and Nafion®., Advantageously, the cation exchangers are used in
the novel process in their protonated form, ie. the H* form.
Examples of suitable organic cation exchangers are the commercial
45 products Amberlite® 200, Amberlite® IR 120, Amberlite® IR 132 E,
Lewatit® SC 102, Lewatit® SC 104, Lewatit® SC 108, Lewatit® SPC
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molecular sieves, as disclosed in, for example, US-A 4 440 871,
US-A 4 310 440, US-A 4 567 029, US-A 4 554 143, US-A 4 500 651,
EP-A 158 976, EP-A 158 349 and EP-A 159 624, and acidic or
30 acid-impregnated metal oxides, the preparation of which is
described, for example, in US-A 4 873 017. Preferred inorganic
solids having Bronsted acid activity are P-zeolites or Y-zeolites
in the B* form, in particular f-zeolites in the H* form.
p-Zeolites are obtainable, for example, by the process of US-A 4
35 891 458.

Organic ion exchangers are particularly preferably used in the

novel process for the addition reaction of alcohols ROH I with

1,3-butadiene or butadiene-containing hydrocarbon mixtures in
40 reaction step a).

If liquid or dissolved Bronsted acid catalysts are used in
reaction step a) of the novel process, in particular sulfuric
acid, phosphoric acid, toluenesulfonic acid, methanesulfonic acid
45 or tetrafluoroboric acid, the procedure generally adopted is one
in which 1,3-butadiene or the butadiene-containing hydrocarbon
mixture in gaseous or, preferably, in liquid form is passed into
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be chosen from a wide range. In general, a molar alcohol

30 ROH/1,3-butadiene ratio of from 0.5:1 to 8.0:1, preferably from
1:1 to 5.0:1, and particularly preferably from 1.5:1 to 3.0:1, is
used. The reaction of the alcohol ROH I with 1,3-butadiene is
effected in general at from 20 to 150°C, preferably from 50 to
120°C, in particular from 60 to 110°C, and at in general from 1 to

35 100, preferably from 3 to 50, in particular from 5 to 30, bar
when the process is carried out in the liquid phase. The pressure
is advantageously chosen so that the 1,3-butadiene or the
butadiene-containing hydrocarbon mixtures are liquid at the
reaction temperature used. The use of a higher pressure is

40 possible. The reaction temperature used is advantageously
optimized in a preliminary experiment with respect to the
respective Brénsted acid catalyst used.

In general, the alcohol ROH/1,3-butadiene mixture is passed at a
45 space velocity of from 0.01 to 0.5, preferably from 0.05 to 0.4,

particularly preferably from 0.10 to 0.25, g/cm3-h through the

fixed catalyst bed. The addition of a solvent to the reaction
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of different phosphine, 2,2’-bipyridine or 1,10-phenanthroline
ligands can be used for complexing the Group IA, VIIA or VIIIA
30 metals, in particular palladium and nickel, in the novel process.
Both monodentate and polydentate, in particular bidentate,.
phosphine ligands may be used. Suitable phosphine ligands are,
for example, trialkylphosphines, triarylphosphines,
alkyldiarylphosphines, aryldialkylphosphines, aryldiphosphines,
35 alkyldiphosphines and arylalkyldiphosphines. The alkyl-carrying
phosphine ligands may contain identical or different C;~Cjp-,
preferably C;-Cg-alkyl or -cycloalkyl groups. The aryl-carrying
phosphine ligands may contain identical or different Cg-Cjz-aryl
groups, in particular phenyl or naphthyl, but also diphenyl
40 groups. Phosphine ligands which carry heterocycloaliphatic
groups, such as pyrrolidine, imidazolidine, piperidine,
morpholine, oxazolidine, piperazine or triazolidine groups, or
heteroaromatic groups, such as pyrrole, imidazole, oxazole,
indole, pyridine, quinoline, pyrimidine, pyrazole, pyrazine,
45 pyridazine or quinoxaline groups, together with other alkyl or
aryl groups may furthermore be used for complexing the Group IA,
VIIA or VIIIA elements. The alkyl or aryl groups of the ligands

W
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or qui noxal i mezgwmethggﬁgﬁfhl% Bredder al kyl or aryl groups may

furthernore ggoggﬂﬂ ;Qgha oup | A, VITA or VIIIA el enents.

The al kyl or a£y du S 3%% Lgan 0050/ 47850

12 propylphosp 1no)ethane,
1,2-bis(dibutylphosphino)ethane,

30 1,2-bis(di-t-butylphosphino)ethane,
1,1-bis(dicyclohexylphosphino)methane,
1,2-bis(dicyclohexylphosphino)ethane,
1,4-bis(dicyclohexylphosphino)butane, and the bisphosphine
ligands described in EP-A 279 018, EP-A 311 619, WO 90/06810 and

35 EP-A 71 281. Preferred phosphine ligands in addition to
triphenylphosphine (abbreviated to PPh3) are bidentate phosphine
ligands bridged via C;-Cs-alkylene groups and of the general
formula

40
A ~ A

A A

45
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g éﬁﬂféi.eg%ﬁvto 'ne Yﬂfﬁgqbfiagmxi 119sF ﬁ?%@thrfﬁﬁ andb Brdgag upzene,

Clerr]-Cler 1~Péff'-”F&9‘P 2 Hdipsd’ a‘Fﬂ:PQﬁnatzHéege%e?f 216" 12 f o*?myald&ee and the
[err] A5 ke, can(OH® HE366ed in the novel process. Some of these

ligands are commercially available, eg. 2,2’-bipyridine or
1,10-phenanthroline, and others can be prepared by the methods
25 stated in Synthesis 1, (1976) or Aust. J. Chem. 23, (1970) 1023.

The complexes of the elements of Group IA, VIIA or VIIIA, in
particular of palladium and nickel, which can be used in the
novel process for reaction step a) can be produced in situ in the

30 reaction mixture or formed beforehand and then added to the
reaction mixture. For the in situ production of these complexes,
in general compounds of Group IA, VIIA or VIIIA elements, for
example their halides, preferably their chlorides, bromides or
iodides, the nitrates, cyanides or sulfates or, particularly

35 preferably complex compounds of these metals, such as
acetylacetonates, carboxylates, carbonyl complexes or olefin
complexes, such as ethene or butadiene complexes, are fed to the
reaction mixture together with the relevant ligands, whereupon
the complexes which can be used according to the invention in

40 reaction step a) form in the reaction mixture. In general, the
relevant ligand with respect to the Group IA, VIIA or VIIIA
element is added here in a molar ratio of from 1 to 200,
preferably from 1 to 50, in particular from 1 to 10.

45 In general, a molar 1,3-butadiene/Group IA, VIIA or VIIIA element
ratio of from 100:1 to 100000:1, preferably from 200:1 to 5000:1,
particularly preferably from 400:1 to 2500:1, is established in
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30 conditions, preferably a high-boiling solvent, may serve as the
reaction medium. The examples of suitable solvents are
condensates which form in the course of the reaction, such as
alkoxyoctadienes, alkoxydodecatrienes, and ethers, such as
dibutyl ether or dioctyl ether, diethylene glycol dibutyl ether,

35 low molecular weight, liquid polyethylene glycol ethers and
sulfones, such as sulfolane, or hydrocarbons, such as Mihagol.
Mihagol is a commercially available C;g~Cjis-hydrocarbon mixture.
It is of course also possible to use mixtures of different
solvents as the reaction medium.

40
In the batchwise embodiment of the process, the reaction is
generally carried out in a stirred autoclave. The resulting
adducts of the formulae II and III are then advantageously

~ separated from the reaction mixture by distillation, the

45 homogeneous catalyst containing the Group IA, VIIA or VIIIA
element, in particular palladium or nickel, remaining behind in
the bottom product of the distillation, dissolved in the
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bat chwi se enpgdingnt of the process, the reaction Is genera arried
out in a stirred autoclave. The resulting adducts of the formulae Il and
1l are then_advantageously separated fromthe reaction m xture by

distill ation?h?fﬂgdltlon reaction of the alcohol ROH I with 1,3-butadiene in

the presence of the stated complexes of the Group IA, VIIA or

30 VIIIA elements, in particular of palladium or nickel, is
generally carried out at from 20 to 180°C, preferably from 40 to
150°C, particularly preferably from 60 to 120°C, and at preferably
from 1 to 20 bar, particularly preferably under the autogenous
pressure of the reaction system.

35
Advantageously, heterogeneous complex catalysts, preferably those
in which the Group IA, VIIA or VIIIA element, in particular the
palladium or nickel, is fixed to polymeric matrices, may be used
in reaction step a) in the novel process for the addition

40 reaction of the alcohol ROH I with 1,3-butadiene. Such polymeric
matrices may be resins, such as styrene/divinylbenzene resins or
phenocl/formaldehyde resins, to which the relevant ligands, ie.
phosphines, 1,10-phenanthrolines or 2,2'-bipyridines, are
generally covalently bonded, which ligands in turn form complexes

45 with the Group IA, VIIA or VIIIA elements, in particular
palladium or nickel, and thus more or less immobilize them.
Inorganic carrier materials, after hydrophobic and chemical
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of the r eact PBAAY I Fussaded AR, HieStssia) MIELEr At SRBSERHA
catal ysts, pREFBRRIA3LIFhaSEer then opfli @f thre T8ASLEORA, VIIA or VIIIA
el enent, in particular the pal | adium or nickel, is fixed to polyneric
matri ces, maynbeeas et purén1raaﬁiﬂaameﬁéepl,a)-ﬂulaaabenm&altamﬁm@ss for the
addi tion 25 hydrocarbon mixtures may also be used as raw material in the
novel process. Such hydrocarbon mixtures are obtained, for
example, as a C, cut in steam crackers. Before being used in the
novel process, these hydrocarbon mixtures are advantageously
freed from any acetylenic or allenic hydrocarbons present therein
30 by partial hydrogenation thereof (Weissermel, Arpe: Industrielle
Organische Chemie; 3rd edition, VCH Verlagsgesellschaft, Weinheim
1988) and, if desired, from isobutene. The 1,3-butadiene-
containing hydrocarbon mixture may then be introduced, similarly
to pure 1,3-butadiene, into reaction step a) of the novel
35 process. Advantageously, the saturated or monoolefinic
hydrocarbons which are contained in these reaction mixtures and
have not reacted in reaction step a) are removed from the reacted
mixture of reaction step a), for example by means of a gas-liquid
separator. The adducts of the formulae II and III obtained in the
40 reaction of these hydrocarbon mixtures in reaction step a) of the
novel process can, as described below, be further processed to
n-butyraldehyde and/or n-butanol in the same manner as the
adducts II and III produced with pure 1,3-butadiene in reaction
step a).
45
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nmonool ef i BoCroughly the same amount in the reacted mixture. Since the adducts
II and III are formed in roughly the same amounts in the addition
reaction of the alcohol ROH I with 1,3-butadiene, the novel
process would not be economical on a large industrial scale if it
were not possible to convert the 3-alkoxybut-l-ene III in an

35 economical manner into the desired l-alkoxybut-2-ene II. It was

found that the conversion of the adduct III into the desired
adduct II can be effected in a simple and economical manner.

For this purpose, the adduct III is first separated from the
40 isomeric adduct II contained in the reacted mixture of reaction
step a). This can be advantageously effected by passing the
reacted mixture from reaction step a), after prior removal of
unconverted 1,3-butadiene, for example in a gas-liquid separator,
into a distillation apparatus and effecting separation therein by
45 fractional distillation.
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30

Instead of being effected by recycling of the adduct III to the
process stage of reaction step a) of the novel process, the
isomerization of said adduct can also be carried out in a
separate isomerization step, by passing the adduct IIT separated

35 from the adduct II, for example, through an isomerization reactor
loaded with one of the catalysts which may be used in reaction
step a), separating this reactor discharge, which consists of the
isomerization mixture formed therein and comprising adduct III
and adduct II, into adduct II and adduct III, for example by

40 distillation, further processing the newly formed adduct II in
the further course of the novel process to give n-butyraldehyde
and/or n-butanol and recycling the adduct III to the
isomerization reactor.

45 The isomerization of the adduct IIT to give the adduct II in the
isomerization reactor can be carried out in the presence or
absence of a solvent. The addition of a solvent may be
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40 The reaction of the allyl ether II with an alcohol ROH I to give
the acetal IV may take place via the enol ether intermediate V

TN v
45
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30
It is self evident to a person skilled in the art that cyclic
acetals IV, too, can be formed when an alcohol I having at least
two hydroxyl groups is used. The respective final reaction step,
ie. the hydrolysis of the acetal IV to n-butyraldehyde on the one

35 hand or the combined hydrolysis/hydrogenation of the acetal IV to
n~-butanol on the other hand, can be controlled by the choice of
the reaction conditions, in particular by the choice of the
catalyst and the choice of the amount of reactants, water and
hydrogen, made available in the reaction, so that alternatively

40 the end product n-butyraldehyde or n-butanol is selectively
formed or that mixtures of these two desired products form as the
end product of the novel process.

n- but yr al dehy

It was found, surprisingly, that the catalysts to be used

45 according to the invention, which catalyze the reaction of the
adduct II to the acetal IV, are also generally suitable as
catalysts for the hydrolysis of the acetal IV to n-butyraldehyde
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20 A large number of transition metal compounds may be used as
homogeneous catalysts for the acetalation of the adduct II to the
acetal IV and its hydrolysis or combined hydrolysis/hydrogenation
to n-butyraldehyde and/or n-butanol, in particular transition
metal compounds which contain elements from subgroup VI and VIII

25 of the Periodic Table of Elements, preferably molybdenum, iron,
cobalt, nickel and in particular the platinum metals ruthenium,
rhodium, palladium, platinum, osmium and/or iridium, particularly
preferably ruthenium, rhodium, iridium or osmium. However,
dicobaltoctacarbonyl(Co;(C0O)g) and hydridocobalttetracarbonyl

30 (HCo(CO),) are excluded therefrom.

Examples of suitable catalysts are the salts of these transition
metals, preferably those of the platinum metals, in particular
the halides, nitrates, sulfates, phosphates, carboxylates, for

35 example their C;-Cjp-carboxylates, such as formates, acetates,
trichloroacetates, propionates, 2-ethylhexanoates,
2-propylheptanoates and decanoates, and sulfonates, for example
methanesulfonates, benzenesulfonates, naphthalenesulfonates,
toluenesulfonates, trifluoromethylbenzenesulfonates or

40 trifluoromethanesulfonates, cyanides, tetrafluorcborates,
perchlorates or hexafluorophosphates, which are soluble in the
reaction medium, soluble inorganic complex compounds of these
elements, in particular their hydrated, amine, halo, phosphine,
phosphite, cyano or amino complexes and the complexes of these

45 transition metals with chelate formers, such as acetylacetone,
dioximes, for example diacetyldioxime, furildioxime or
benzildioxime, ethylenediaminetetraacetic acid, nitrilotriacetic
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CatalySt' agent the (-N=C-C=N-) structural unit is responsible, for example
2,2'-bipyridine or 1,10-phenanthroline, and the ligands derived
from these parent substances by substitution or fusion. Among the
abovementioned complexes, the phosphine or phosphite complexes in

30 turn, in particular the phosphine complexes of the platinum

metals ruthenium, rhodium, iridium and osmium, are particularly
preferred.

21

Suitable phosphine ligands are, for example, the phosphine

35 ligands which are suitable for carrying out reaction step a) of
the novel process and are mentioned in the description of this
reaction step in this application and which are hereby referred
to. Triphenylphosphine and the stated alkylene-bridged
bisphosphine ligands (loc. cit.) are particularly preferred.

40 Suitable 2,2’-bipyridine or 1,10-phenanthroline ligands are, for
example, the 2,2’'-bipyridine or 1,10-phenanthroline ligands which
are suitable for carrying out reaction step a) of the novel
process and are mentioned in the description of this reaction
step, and their stated derivatives and structural analogs (loc.

45 cit.), which are hereby referred to.
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pal | adi um of pl ati num and of iridium I norgani ¢ conpl ex conpounds
whi ch are praferaiihe abevementtioeedSongamimeadl &S scodnpoundsr §f Nghedut t he

reaction Soepsamgitdofl fi¢t&l£, carbonyl complexes of the platinum metals
which contain phosphorus-containing ligands, in particular
phosphine ligands, such as HRh(PPhj)3(CO), IrCl(CO) (PPh3)3,
[Ir(cod)PPh3),]1PFs (cod is the abbreviation for the
1,5-cyclooctadiene ligand), HRuCl(PPhj)3(CO),

35 HRu(CO) (CH3CO0) (PPh3) 2, HaRu(CO) (PPh3)3, RuCl;(CO);(PPh3); or
RuH(CO) (CgH;9C00) (PPh3); - CgH19CO0 is the capric acid anion - are
particularly preferred as homogeneous catalysts for carrying out
reaction steps c) and d). Among these homogeneous catalysts in
turn, the halogen-free complexes are preferred, for example those

40 which contain, as ligands, the conjugated base of an O-H-acidic,
organic compound, O-H-acidic, organic compounds being understood
as meaning those compounds which are acidic in aqueous solution,
such as monocarboxylic acids, monosulfonic acids or non-~chelating
Phenols. Advantageously used ligands of this type are

45 C,-C3g~carboxylic acid anions, which preferably originate from a
monocarboxylic acid such as acetate, propionate, butyrate,
isobutyrate, valerate, pivalate, caproate, enanthate, caprylate,
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The complexes containing carboxylate ligands can be prepared, for
30 example, starting from RuH,(PPhi)3(CO), which is obtainable, for
example, according to Uttley et al, Inorganic Syntheses,
Vol. XVII, (1977), 125, by reaction with the corresponding
carboxylic acids by methods similar to those derived by Robinson
et al, J. Chem. Soc., Dalton Trans. (1973), 1912, Frediani et al
35 ibid. (1990), 165, ibid. (1990), 1705, ibid. (1990), 3663, and
Frediani et al, J. Organomet Chem. C17-C19 (1993) 454. The
corresponding complexes containing phenolate ligands can be
obtained similarly by the reaction of HaRu(CO) (PPh3)3 with the
relevant phenols. Complexes containing sulfonate ligands are
40 obtainable, for example, by the process described in
US-A 4 892 955. The halogen-containing homogeneous catalysts can
be prepared, for example, by the processes of Uttley et al,

Inorganic Syntheses, Vol.Xv, (1974), 45, by the reaction of RuCl;
with formaldehyde.
45
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wi th ot her aM&ﬁO/&F*’a‘W groups may be used for conplexing the 15
transition netals. The alkyl or aryl groups of the phosphite | i gands may
be. unsubstituted or nmay carry substituents which are i nert under the
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phosphi t e, & RuHy iR (FOpHESEMi vELth the rppevant qsrbepylie agid pheth®no-
and bi sphosphreflevantgahesno2s described in EP-A 472 071, EP-A 213 639, EP-A
214 622, DE-A 2 733 796, EP-A 2261, EP-A 2821, EP-A 9115, EP-A 155 508,
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HRh( PPh[ er r ] FPeEitiams) of| tige (xdroRRhpbien )femctlion according to reaction
[Ir(cod) PPh[ etep)@err]]PF[err] (cod is the abbreviation for the

1, 5-cycl ooct adi ene ligand), HRud (PPh[err])[err](CO, 35
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aci d ani on - €arkoxylagent prifenate prephenrelptes 1hgande masuaddatbeyakly f or
carryi ng out contaimarbonylepandyorapbosphorissegnt atsinghdiggedspuisn cat al yst s
in turn, phethallegephbsprimoy piosprite (ighads £brdferabXanphdsghiase 40
whi ch contai Digasdd, Gaedaist iRy ieReHJ24$ hdideRnbudibdbally@E5 b6y the OF 9aNI C
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Advant ageous Py 1oR@dimeyQRdsteaan-hEigh et inid v 8nd] sgkgctdrvity] ok dtesey | i ¢
aci d ani ons, hemegengnust cpbdlysts irgilatee Hatbmta the mymyveashonrydf ceheci d such
as acetate, pddpctormal eandbtd yiisd @acetali Bwhitidy kot €he itdriodlye is poby adcaibdned
caproat e, 28NagEAst¥sisyApaYbGertation of tiOYYA4858y to give butyraldehyde
24 2-ethybbexanianie, cénBlQRAlIo! ROULcRIRE &) Gund AMEALSst -oedMiLALA!
pal mtate, ng‘?a{ﬁet gdotollea{_e enz étﬁ al kvl Qenzo tle . oNa @oate an
al kyl napht ho3F e %hi GH& L oP* ASHEh &F it PATP ffaBEagecusly, dnfAuedredy fonat e
anions. 5 Phenol at es whi ch can be advantageously used as ligands in
such or gakhe advantiageows mutopertdescefddestl bemogenemushoabgkysmusan be
cat al yst s 3Doadd baixinadnystemowed dpdcayryimg otier thxargction agderiingt eoand
napht hol at e 28aéfifondREephedplaide agnsh N ek8h&e of an amount, over and
above the stoichiometric amount required for the formation of the
transition metal carboxylate or phenolate complex, of the
relevant acidic compound so that the relevant acidic compound is
35 present in the reaction mixture in free form in equilibrium with
the organic transition metal compound serving as the homogeneous
-catalyst. The acidic compound used for this purpose is
advantageously the same as that bonded to the transition metal in
the organic transition metal compound, but the addition of other
40 acidic organic compounds is equivalent to this measure. In
general, the acidic organic compound is used in a molar ratio of
l:1, based on the organic transition metal compound acting as the
homogeneous catalyst.

45 Although the addition of hydrogen to the reaction mixture is not
essential for the preparation of the end product n-butyraldehyde,
the addition of small amounts of hydrogen, if necessary together
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by reaction with the correspondi ng car boxyl ic acids by nmet hods sim | ar
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rel evant phepsrticianilyeprefematilyl 2i hg 30/ frelatreahowenddbasea & i ai nabl e,
for exanpl e, physplinepioRc pRSsPHIERR icoRP1éR of tHS- &&%ﬁﬁetﬂle If the
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25" " The ab8YSHEtn iLa%sd B%t'%ttfeyﬁ%e?fﬁﬂt b‘éraé’&&éélo’ésm%*@éh P& PhRsRh&E PN
bat ch or - tRPesRipie dd9prpd pis tadvantrgeerslye usedongeneous catal ysts _
contai ni ng carboxyl ate or phenolate |igands - can be produced in situ in
the react i28nThe xtrursileyohenetdNGatalfd aikchPRrE eidnladefebhs 3P)sdisibik vhth
the rel evant tparfetiion A€ arkN§enerd BleV8BE PYSMunts of from 0.001
to 1.0, preferably from 0.01 to 1.0, mol %, based on the adduct
II fed to the reactor. It is evident to a person skilled in the
art that the amount of homogeneous catalyst to be added depends
30 on the catalytic activity of the homogeneous catalyst used in
each case. Depending on the type of homogeneous catalyst used, it
may therefore also be advantageous to add a larger or smaller
amount of catalyst to the reaction mixture. The optimum amount of
the homogeneous catalyst used in each case is advantageously
35 determined in a preliminary experiment.

Reaction steps c) and d) effected with the aid of the stated
homogeneous catalysts can be carried out batchwise, for example
in stirred kettles, or continuously, for example in loop reactors
40 or stirred kettle cascades, in general from 20 to 200°C,
preferably from 60 to 180°C, in particular from 80 to 160°C, and
in general from 1 to 100, preferably from 10 to 60, bar. The
conversion of the adduct II into the acetal IV and its conversion
into n-butyraldehyde and/or n-butanol can be carried out in the
45 presence or absence of added solvents, such as aliphatic or
aromatic hydrocarbons, eg. toluene, benzene or cyclohexane,
alcohols, preferably in excess alcohol ROH I used for the
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smal | anou bo nox er car on | - cont a ng hgQnogeneous
catal ysts 2#% %35“8 At Palqggg°#dﬁg¥w} agF‘STio‘r'fb’ét % aﬁge?h"é’{"tqﬁ?gwb s?r eam of
t hese honndﬁﬂgﬁﬁ T e equimolar amount required for the formation of the
acetal IV can, if desired, also be exceeded. For carrying out
30 reaction step c), the alcohol ROH I is generally fed to the
reactor in a molar ratio I/II of from 1:1 to 100:1, preferably
from 1:1 to 10:1, in particular from 1:1 to 5:1, based on the
adduct II used in this reaction step. A larger molar excess of
the alcohol ROH I relative to the adduct II usually has no
35 adverse effect on the result of the reaction in reaction steps c¢)

and d), but the alcohol ROH I is advantageously used in the
abovementioned ratios.

For the preparation of the end products n-butyraldehyde and

40 n-butanol, water is added to the reaction mixture from reaction
step ¢) in a molar ratio of in general from 1:1 to 100:1,
preferably from 1:1 to 20:1, particularly preferably from 1l:1 to
10:1, based on the adduct II which is fed to the reactor and
which has been converted into the acetal intermediate IV in

45 reaction step c) in the course of the novel process.
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180[ err] C, dascadet i after ekpiny 8Of tthel GBpbdends tdmd requiregederathdrom 1 to

100, pret®rmicyibnofm bbdctibh, st c)[Neia a RUPAREEEOInRIL t he adduct 11 into
the acetal IV and its conversion I nto n-butyral dehyde and/ or n but anol

can be car Iy sence, of added sol vents, such as

al i phatic orfe(%hgu&eé{}édq%n Bpéglbcoggg g'r(jb PUenBYIFITLAR 8r "RV ohexane,

al cohol s, ﬁ""é:f" r g ﬁ‘?n?%&i R d5hokoRERP 11, PEgteERbIhErom 1:1 tp50/ 47850
:1, particularly preferably from 1:1 to 10:1, based on the

30 adduct II fed to reaction step c), is also mixed with the
reaction mixture from reaction step c¢), in addition to the water
required for the hydrolysis of the acetal IV. In the batchwise
process, this admixture can be effected by forcing the required
amount of hydrogen into the reactor or by dispersing the hydrogen

35 in the reaction medium, for example by means of bubble columns or
by means of loop reactors equipped with jets for dispersing the
hydrogen. The admixture of the hydrogen can be effected together
with the water required for the combined hydrolysis/hydrogenation

in reaction step d), as described above, after the reaction in
40 reaction step c).

Since the hydrolysis of the acetal IV to n-butyraldehyde or the
combined hydrolysis/hydrogenation of the acetal IV in reaction
step d) can be carried out with the aid of the same catalyst as
45 that used for the formation of the acetal IV from the adduct 11,
it is generally not necessary to work up the reaction mixture
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glycols, ethers, eg. dibutyl ether, tetrahydrofuran or di oxane, or
liquid, |ow nolecular weight polyal kyl ene gl ycols, hal ogenated al i phatic
or aromatic hydrocarbons, eg. chlorofo?® 5 dichloromethane, chl orobenzene
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accor di ng t haheonkwenproh éHrthey dteryinqgnatieriateislhydéogasated el | as t he
end product a-bhtamel .r eacti on, dissolve the 25 honbgeneous catal ysts used
according to the invention. The amount of al cohol ROH | added can be

vari ed witghi | apge | mol.ar nt required.for the
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reactor in S2hBl¥Ft usefote/bg xscovesad 1£m0m heobettom nxpdnabl 9f thef rom 1: 1
to 10:1, indparillatiion Andm if Heisdréd]l, reamedd 6ortdwampleabtgucécydlimged in
this reacti ahest®fnlydtl soletichar rexceidn @ep c) htnvdicahgl tROH | rel ative
to the ad@uetetyldtsiedl bY DRS 3R 2EVES ShePhbBEL) OF WHA/bESH 4cont NE
reaction I ns‘:@ﬁccs)',orles.t §Ps l@dr 1 @5‘_9 gr}d, l%.Lft r%hﬁigelé;,oql%dr n ] sn If
advant ageou§l¥ UﬁEd |% e abovenent’oned Fat o PET EHSR -
preparati on-or T %M B RACIRERYE Fatadd] deR ot APVRLOBYARAS iffater is
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45 reacti onefEAR Gl sRabi€ GRS EnaT &R 11248/ oPrt%:eesd%.'stillationo,oigéAj850
addition of a high-boiling solvent can be dispensed with and the
homogeneous catalyst, for example in the form of a
30 triphenylphosphine melt, can be recyéled to the reaction.

In the working up by distillation, the reaction product
n-butyraldehyde and/or n-butanol is furthermore separated from
the alcohol ROH I liberated from the acetal IV by hydrolysis or

35 hydrogenation or added in the preceding reaction steps c) and d),
the amount of alcohol ROH I added for the acetalation
advantageously being recycled to the first stage of the novel
process, the addition reaction of the alcohol ROH I with
1,3-butadiene, and/or to reaction step c) of the novel process.

40 The octanols or dodecancls formed as a result of the partial
dimerization and trimerization of the butadiene, or the aldehydes
corresponding to these alcohols, can be obtained as useful
byproducts of the novel process, in the working up of the
reaction product by distillation. Any incompletely converted

45 acetal IV or any enol ether V isolated as a byproduct in the



28 Si nceotoﬁgléﬂg?gnce of water has an adverse effect on the formation
of the acetal IV fromthe adduct Il and the al cohol ROH | in reaction
step c), the reaction steps c¢) and d) are carried out in succession and
the water is not added until reaction 3ep 5 d) is carried out. Reaction
step c) is ¥orking mp pycdistilladion canrberesystedit Inpasbhynroteps c)

condi tions, ored)in the absence of technically effective anounts of

water. OF course, the presence of traces of water which have no

measur abl e effec | osi-efficiency of the novel prqcess can
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i nto n-butyral dehyde in reaction step d). The I ntroduction of the water
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Cascade,1%f5§&r5?§§ﬂ§7h25r6 d%%%hdgfcfhé'ég%t%iq ré%jﬁtgﬁtéggl?§m&pa0tlop In
reaction st R cg, \#r% a ge arat% &n et. e desired end Foduct is
n- but anol , %Isrogcé( PRERAhTh cataly st o Wesen Vit CantRLBRe PT §OF60: 1,
pref erably PrEPFHEs) of pGroum iy VERy t YEWR 1 YIBERF cifamegessary 1 to 10: 1,
based on theompinatdest with fang or mereteélmmestepof )Group Mhsoofritded with the
reaction m Reniaiifr mableast iRlemehep, Cin partdddlit Whrofithp M&ty¥denum,

requi r ed 200euhditdiy, dr-abi Sk, FuthBRidELI@bahY, Aftkdie QﬁB&ﬂM\,S%ridigﬁ(,)cess’

L Sskegn el bele (98 Kadlbisd o Al ly

hydrogen in he reactor or er si 0
nedi um for&%(%r%p & 8952%5@509 rbuﬁ%l" (?rc,e%gﬁﬁﬁ " or by means of | oop
reactors equi pped with jets for dispersing the hydr ogen. The adm xture

of the hydrBeEkicdarby a¢tinst dydrogendtdon catklystshe suaheas reigliededrfor the
conbi ned2Bythe| pisitihhpdnegeat can advdntageatslpibesidoped)witls idaacEbes
above, aft egléientseatiERNadt 80 th8364dAYst BPiddn and c2h & g iRy ol ysis

f th t 33 :R- d L
ﬁydr Oleygicglgézlslo\ﬁédolﬁ_ iy t“ﬂg‘bgc@?g | ﬁllﬁ ofqﬂlp.lsnﬁﬁasur . ltd)lsCan be

natl 0 feactli o st e
carried out gg{ﬁﬁt%hggaigc%’ﬁvet ReDiINTF SHISFTIVILE 14‘5*‘?’ a?°'[5‘%’é'83df or the
formati on o?%’?’r&yééé{ hydyagenagien ef dd@uacetal IV ito psbyesnglal Examples
necessar y0t®f aie gpoumeelementsosuitiakiler for the partial poisoning of such
particularly active hydrogenation catalysts are the chalcogens,
such as sulfur, selenium and tellurium, and the elements
phosphorus, arsenic, antimony, bismuth, tin, lead and thalium.
Subgroup elements suitable for this purpose are, for example,
35 mercury and cadmium.

Heterogeneous catalysts which may be used in the novel process
are, for example, precipitated catalysts. Such catalysts can be
prepared by precipitating their catalytically active components
40 from their salt solutions, in particular from the solutions of
their nitrates and/or acetates, for example by addition of
solutions of alkali metal and/or alkaline earth metal hydroxide
and/or carbonate solutions [sic], as, for example, sparingly
soluble hydroxides, hydrated oxides, basic salts or carbonates,
45 then drying the resulting precipitates and subsequently calcining
them at in general from 300 to 700°C, in particular from 400 to
600°C, to convert them into the relevant oxides, mixed oxides
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before the addition of the reactants water or hydrogen and water, ie.
before initiation of reaction step d). If the desired end product is a

m xture of n-butanol and 5 n-butyral ®hyde, the ratio of these products in
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the bOtt0n1§féﬁﬂﬁﬂtd%Eoﬁh§f thedbiihiifﬁd#yxyaagtleé bhggts ﬁ%?s for
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step d), i e & 6¥y%?"slvﬁn&°mP?n?’&:ﬁJ|c|a@da TRREAIGOHELY oflsq foe
recycling oPr%w%#ﬁéeﬁ%@&PBF}%twﬂw the eaxmierpfyomsthe srelevdssired, a
sol vent, predkr avlptaoss wschisbohe scade a foirgbgample,t dapehaipiferiidat ise

reaction proflugies catllyeied113Ndcedve -dutipsnahes i teaBY ol £ QrAd¥agh aggousl y

be addedjgogdipiigAact i on m xture. |f the honbgeneous catalyst Used is
chemcally and thermal |y stable under the conditions of the
distillatiop,.the addi tion of a high-boiling solvent can be di spensed

with and t heY9rogsmabien cafa lyats) Yaich coptakanthe MetadReof ghahadi a 30

t ri phenyl phedfaauadspeptalyzimgoshe chydtagenationcas @adeposit on a warhier

wor ki ng up &awe dirstfierbbly arsed He thaaidval prodess. In Bdbit yomludekyde and/ or
n- but anoRoi sbdveneneioRe® HeRAbateted IHPalysthe ﬁﬂia%h@BnEglﬁl ldabesated, from
the acetal é&ﬁﬂ-)ioW%%B{é'c%t%& §§c£‘y %%‘?—_ Ia'é’ ne@¥es n& Eb&e%? precedi ng

reaction st 0 for the
acetal ati on}(5 %?van? AN lBeY’ﬁg&} Q&ch’gg f%tltcl‘?& ?‘%?l‘éet S5EPgReRtR
novel TES eef‘hépgjd’cﬁq itGnar eakckien §PTt ﬁ’éaf%i?]@ohBY R@-’Fqg%ttlﬁn are
1, 3- but adi eﬁéltaéﬂ&/ 6PT tthe agvelopresess-c) of the novel process. 40 The
oct anol s28r dodecanols forned as a result of the partial di meri zation

and trinerized inthol dheapplliedt s, o theheaft ptivaasy ac@ﬂfé eRaANgi f@ to
t hese al COhﬁﬁéyca%EePethEQ"an?g é‘sndjcs%frliltlcal by %ﬂgc}% dt of}e ﬁ gvel
process, i SUOLKA ek A1 OF LEG o 63CLE00 B0 Chnd giipn- Ay
i nconpl et e;‘gF conver if%fk SELIFTSE o 2R %’ﬁ%lwagtshe AR ttéﬂ
bypr oduct i meta an be applied to these carriers, for example by
30 1mpregnatlon with solutions or suspensions of the salts or oxides
of relevant elements, drying and subsequent reduction of the
metal compounds to give the relevant metals or oxidic compounds
of low oxidation state by means of a reducing agent, preferably
with the aid of hydrogen, hydrogen-containing gases or hydrazine.
35 Another possibility for applying the catalytically active metals
to these carriers comprises impregnating the carriers with
solutions of salts which readily undergo thermal decomposition,
for example with nitrates, or with complex compounds which
readily undergo thermal decomposition, for example carbonyl or
40 hydrido complexes of the catalytically active metals, and heating
the carriers impregnated in this manner to 300-600°C for thermal
decomposition of the adsorbed metal compounds. This thermal
decomposition is preferably carried out under an inert gas
atmosphere. Suitable inert gases are, for example, nitrogen,
45 carbon dioxide, hydrogen or the nobel gases. Furthermore, the



0050/ 47850 ©0050/47850 30  working up by

distillation can be recycled to reaction steps ¢c) . or d). In a
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process are, sfs can be

prepared by ‘b?tearﬁyﬁllf’a}fﬁ FHYer mﬁﬁg |C8FF e ‘)c/tafs\/é 8
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The activation of the precipitated catalysts as well as of the

supported catalysts can also be effected in situ in the reaction

mixture by the hydrogen present there, but these catalysts are

30 preferably activated before they are used in the novel process.

In general, the oxides of aluminum or of titanium, zirconium
dioxide, silica, kieselguhr, silica gel, clays, for example
montmorillonites, silicates, such as magnesium or aluminum

35 silicates, zeolites, such as 2SM-5 or ZSM-10 zeolites, and active
carbon may be used as carriers. Preferred carriers are aluminas,
titanium dioxides, zirconium dioxide and active carbons. Mixtures
of different carriers may of course also serve as carriers for
catalysts which may be used in the novel process.

40
The following catalysts are examples of heterogeneous catalysts
which may be used for carrying out reaction steps c) and d):

platinum dioxide, palladium on alumina, palladium on silica,

45 palladium on barium sulfate, palladium on zirconium dioxide,
rhodium on active carbon, rhodium on alumina, ruthenium on silica
or active carbon, nickel on silica, cobalt on silica, cobalt on



sol ubl e hydpgﬁpdé‘g,ssﬁydrat ed oxides, basic salts or carbonates, 45 then
drying the resulting precipitates and subsequently cal cining themat in
general from 300 to 700[err]C, in particular from400 to 600[err]C, to
convert theminto the rel evant oxi des,3%i xed oxi des 0050/ 47850
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oxi des evant e e t he
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oxi dati on sfh¢e I9F fEamBley ther aduminmpaddtaniyn dioxddes, zixganiumhe aid of
hydr ogen, hgtexigen- sdhicanithe gadésaies hydagsi nzeolitednonieed posidebi bfty
for appl gengadies inai ahyito£ adlumiaaihni sed RItdke carBeh.t hese carriers conprises
I npregnating the carriers with solutions of salts which readily undergo

t her mal des\gf@ﬁﬂetniagﬁ'on cagaq s%éagpéfer\%btll} QE&&%I_ e%:heoﬁo%i hpr%o l eére

conpounds é}efore supported catalysts which contain the elements of
subgroups I, VI, VII and/or VIII of the Periodic Table of
30 Elements, in particular the elements of subgroups VII and VIII of
the Periodic Table of Elements, deposited on a carrier acting as
a Brénsted or Lewis acid. Particularly advantageous catalysts
are, for example, ruthenium on active carbon, ruthenium on
alumina, ruthenium on silica, ruthenium on magnesium oxide,
35 ruthenium on zirconium dioxide, ruthenium on titanium dioxide,
palladium on alumina, palladium on silica, palladium on zirconium
~ dioxide, palladium on barium sulfate and palladium, partially
poisoned with selenium or lead, on active carbon catalysts.

40 Lewis or Brénsted acid components, such as zeolites, aluminas or
silicas, phosphoric acid or sulfuric acid, can be added to
hydrogenation catalysts which themselves have no such Brénsted or
Lewis acid centers. They are generally added in amounts of from
0.01 to 5, preferably from 0.05 to 0.5, particularly preferably

45 from 0.1 to 0.4, % by weight, based on the weight of the catalyst
used.
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The heterogeneous catalyst can be used either as a suspension in

30 the liquid reaction medium or, preferably, arranged in a fixed
bed or a plurality of fixed beds. With the use of a heterogeneous
catalyst suspended in the liquid reaction medium, the process can
be carried out, for example, in stirred kettles or loop reactors.
When a heterogeneous catalyst arranged in a fixed bed is used,

35 the reaction mixture is generally passed over the fixed catalyst
bed by the liquid-phase or trickle-bed procedure.

Both the hydrolysis of the acetal IV and its combined hydrolysis
and hydrogenation can be carried out in adiabatically or

40 isothermally operated reactors. Here, the catalyst is generally
loaded with the liquid reaction mixture at a space velocity of
from 0.01 to 10, preferably from 0.02 to 3, particularly
preferably from 0.03 to 1, kg of reaction mixture per 1 of
catalyst per hour. When the heterogeneous catalysts are used, the

45 reaction can be carried out in the presence or absence of a
solvent. The solvents used may be the same solvents as those
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30

Reaction step c) is consequently also carried out under

heterogeneous catalysis under essentially anhydrous conditions,

ie. in the absence of technically effective amounts of water. It

is of course clear that the presence of traces of water which

35 have no measurable effect on yield and cost-efficiency of the
novel process can be tolerated.

The amount of the alcohol ROH I added for the production of the
acetal IV from the adduct II can be varied within wide ranges

40 also in the heterogeneous catalysis of reaction step c). The
required equimolar amount can, if desired, also be exceeded. For
carrying out reaction step c), the alcohol ROH I is generally fed
to the reactor in a molar ratio I/II or from 1:1 to 100:1,
preferably from 1:1 to 10:1, in particular from 1:1 to 5:1, based

45 on the adduct II used in this reaction step. A larger molar
excess, based on the adduct, of the alcohol generally does not
have a disadvantageous effect on the result of the reaction in
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the adduct II originally fed to reaction step c). The amount of
hydrogen to be used in reaction step d) for the preparation of
_ n-butanol is advantageously based on the amount of adduct II fed
30 to reaction step c), since the discharge from reaction step c¢) is
as a rule reacted without prior working up in reaction step d).
The combined isomerization and acetalation of the adduct II to
give the acetal IV and its subsequent hydrolysis/hydrogenation to
n-butanol over the heterogeneous catalyst in the liquid phase is
35 generally carried out at from 20 to 300°C, preferably from 50 to
280°C, particularly preferably from 80 to 250°C, and at in general
from 1 to 300, preferably from 5 to 250, in particular from 20 to
200, bar. It is of course clear that the amounts of water and
alcohol I required for the preparation of n-butanol and based on
40 the adduct II are equal to the amounts of water and alcohol
required for the preparation of n-butyraldehyde from the adduct
II.

If the desired end product is a mixture of n-butyraldehyde and

45 n-butanol, in general water, alcohol I and hydrogen are admixed,
in a manner similar to that described above, in a ratio, based on
the adduct II introduced in the reaction step c), which makes it
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combined hydrolysis/hydrogenation of the acetal IV in reaction

30 step d), with the result that catalyst costs can be reduced.
Depending on the type of apparatus used for the preparation of
n-butyraldehyde and/or n-butanol by the novel process, and
furthermore depending on the desired composition of the end
product of the novel process with respect to the

35 butyraldehyde/butanol ratio, it may however also prove
advantageous if different heterogeneous catalysts from among
those to be used according to the invention are employed in the
individual reaction steps c) and d).

40 Because reaction steps c) and d) are carried out in successive
reaction stages, various modes of operation can be used in the
individual process stages. For example, the conversion of the
adduct II to the acetal IV can be effected alternatively under
homogeneous catalysis or over heterogeneous catalysts, and the

45 hydrolysis or the combined hydrolysis/hydrogenation of the acetal
IV to give n-butyraldehyde and/or n-butanol can be effected
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d:Lagram is intended to illustrate only the path of the starting

30 material, intermediate and product streams in the novel process,
for the sake of clarity obvious details of the plant, such as
pumps, heat exchangers, valves or relays, were not drawn in the
process flow diagram.

35 A mixture of 1,3-butadiene or a butadiene-containing hydrocarbon
mixture and the alcohol ROH I, preferably n-butanol, is fed to
the reactor 2 via the supply line 1 to be fed with 1,3-butadiene
and the alcohol ROH I via the supply lines 3 and 4, respectively.
The starting materials can of course also be fed to the reactor 2

40 via separate lines. In the reactor 2, the alcochol ROH I is
subjected to an addition reaction catalytically, preferably by
means of a Brdnsted acid, in particular by means of an acidic
cation exchanger, with 1,3-butadiene, in general a mixture of the
starting materials II and III being formed. The reaction

45 discharge from the reactor 2, which essentially consists of the
adducts II and III, relatively high-boiling butadiene derivatives
and unconverted 1,3-butadiene and alcohol ROH I, is fed via line
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|1 berated or verse fect in t e further process accor ng to reaction steps
30 c) and d), separation may also be omitted and dibutyl ether, the
alkoxyoctadienes or alkoxydodecatrienes fed with the adduct II
via the line 13 to the reactor 14.

The liquid discharge from column 11, which discharge has been

35 freed from the more readily volatile adduct IIT and from
low-boiling byproducts and any higher-boiling byproducts, is fed,
if desired together with unconverted alcohol ROH I, via line 13
to the reactor 14, in which the adduct II is reacted with the
alcohol ROH I recycled via line 43 or, if required, alcohol ROH I

40 freshly added via line 15, preferably with the n-butanol recycled
via line 43 or 15 or freshly added n-butanol, in the presence of
a homogeneous or heterogeneous transition metal catalyst to give
the acetal IV, and the latter is then hydrolyzed to
n-butyraldehyde or converted in a combined

45 hydrolysis/hydrogenation into n-butanol and, if desired,
n-butyraldehyde. In the embodiment shown in the drawing, the
reactor 14 is in the form of a tube reactor with a straight pass
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stage invol ving t/he addition reaction of the alcohol ROHI with 20

1, 3-but adi ene and/or to the reaction in reaction step ¢) can

advant ageously be carried out in a manner simlar to that descri bed for
the reaction in this reaction step vvith4ﬂormgeneous catal ysts. 25 As
st at ed aboveofakh@dkeantiga vixture.nGhel wvaker and thethydradea canshgrfed

het er ogeneousintat the steackprbeiaste Hetlsf DT drde 18pmbhixer, as shown in the
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result that CHEATV? Costs RAMF e 8q¥atCIen SBERSKAHAE df PAE TSAR bf
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by the novel timgcersstrpam mayfhg tingrodueed epiendbng bine leaddesfrdesired,
conposi tion ahet hinerich. Ifpdesiicdd,0tarbén MbiRixigeoR&y ald Bel paPssd inBot he
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according to_the invention are enployed in the i ndi vi dyal reaction_steps
c) and d). Iﬁies?at% rFéSE%?’brFF@&B\ég‘é)f% T8RCEPE thr MbdghogEsenFially
successi ve COPEatR§ dirbytygatderrde and/opdePuspneperrrliaiivedn be used in

t he i ndi vihdght+beildows butedime degivekiwgd e forhexampleceianobé dihe

adduct || todbbecawsisyl uhVofiedrieal ahtest £ Pdseibay i esessUNEEEr and, if a
v ol yai 8 oponasdiuduen caluEler Yel ?“@ﬁe%?st‘%aét@%%%%“?ﬂgi%ﬁ%% IV to
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the acetal |¥rom thee depadtolyb4 sviab lane caltEamieeibher atecyicielydi®dgeinat i16n i s

pref erabl y2or eeyTé eb tthe rehéitor GACbirOPlared.caction step a) and/or to the
reaction in reaction step c). As stated above,  instead of the

b I h | ' . b h I
"t ogr at o peceis ARITtet fod Kukin FOC Y sEpERToTla BiRay ES%%%& i

anot her mann&FaFESF % afsBepEr 1pRo r ELR (SOPRORERYS &Y dfRELLRfAen. The
statement s offere X¥eadd)ynyodakileacbnbyratdghyde) ignmendvedr atothe hppseia
entirely 25 appéi2%ablié deeiredidivgathet enith dblveboblindhdyboodudiss,l landy, epfir ed
15 out si de t krequintei)r dselef) OFAS FurBh&N PUIGIEiFEED6H, it dBedd@btional
distillation stage which is not shown in the drawing. Newly
formed n-butanol is removed from the column via line 23 and fed
via line 24 for further use. Higher-boiling products, for example
30 dibutyl ether, octanols and dodecanols, can be removed via a
plurality of outlets in the lower part of the column 20, which
are represented by the outlet 26 in the drawing. If a homogeneous
catalyst was used in the reactor 14, the catalyst solution is
removed from the bottom of the column 20 via line 27 and, if
35 necessary after removal of a part-stream of consumed catalyst, is
recycled to the reactor 14 via line 28 and with addition of fresh
catalyst solution via line 29.

If desired, the reaction in reactor 14 can be controlled so that

40 either n-butyraldehyde alone or only n-butanol is produced there.
If in such a case, for example, n-butanol alone is produced in
reactor 14, n-butyraldehyde can, if desired, then be produced in
a further embodiment of the novel process in a reactor 30 which
is operated parallel to the reactor 14 and is supplied with a

45 part-stream of the discharge of column 11 via line 31. As in
reactor 14, in reactor 30, the adduct II is reacted with the
alcohol I, preferably with n-butanol fed, for example, via lines
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starting material in reaction step c¢). Such a procedure is advant ageous

when, at a production |location, the butenyl ether of the formula Il is
avai |l abl e from anot her preparation prociis. 20 The novel process is
explained in nore detail wth reference’to, the flow diagramin the

drawi ng, whi A rsCRefRdit4hIory nshetanodn fed wig kinagedids dhiand dénerofreshe
novel procesd-bytanpthfesbtim vie linenddi uhbhl resteadp-stathopairating ROH |
with 1,3-but adinddeion @f thebplani ares deehaésitdl) isndapces hfvenitkb Uscewnd t he
| soneri zat i onv2@naneh@CRitted! i @Mpird198eadeyicl_due a1 dhirad Batagstal 1V and
Its hydr%l%@&g gf}a N6y ALY $he/ PYEL0 q'.%r&lﬁtikgﬁ' t& the ny 1ysd

n- but yr al dehy.de aﬁ or tg_igutang fre % rereq out in a single _%1"% S5
stage in the 15 JGPd"HhddE SEPREE 1ines grBEe fgegFtor I mgidmhi 40 Hiended
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the reaction,disg @ilsﬁstogoiggftnor.s gnd ar el t her reC)écFe vigt
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flare for coMBuSPTYIP Ph¥ipi Hinsy 39, Afxrequwirespafteedaoralnof col um 6
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30 20 and removed via line 23 and which consists of the n-butanol
newly formed from 1,3-butadiene and the n-butanol originally
added via line 4 or 15 and n-butanol liberated again in the
course of reaction step c) in reactor 14 is divided into two
part-streams, the newly formed amount of n-butanol being fed via

35 line 24 for further use and the amount of n-butanol originally
used as alcohol ROH I being recycled via the lines 25 and 1 to
the reactor 2, unless it is fed, as described above, via the
lines 25 and 44 to any reactor 30 present and operated parallel
to the reactor 14, or recycled via the lines 23 and 43 to the

40 reactor 14. Depending on the design of the plant and the
resulting demand, these butanol streams can be divided by means
of distributors not shown in the drawing and present at the
points of intersection of line 37 with line 25 and of line 25
with line 44 and at the point where the line 23 branches into the

45 lines 24 and 25. Until a steady-state operating condition has
been established on the plant, the reactors 14 and/or 30 may
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recycled via the lines 12 and 1 to the reactor 2, where the adduct 11
Is isonerized in the presence of freshly |ntroduced 1, 3- but adi ene and
al cohol ROH | to give the adduct 11. lternatively, the unconverted

al cohol ROH 1 can ,also be fed with tﬁ adduct Il via the line 13 to the

reactor 14. PASitRPAIM bessuppligd withypiutiasrdxeihe theedineshl? mnd ddet or
di scharge fraomspeeivaly. 2 to the colum 11 are fed, if desired together
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The wat er 28n§he erapeatodayertiribe Thedabove stetenent epplldesvi a the feeds 17
and 18, whi chorresindingly tdieche pgodidts) refidyedefion Rioddmat 35l ifachat
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if desire istilled in these columns varies depending on the procedure used
in the reactors 2, 14 and 30 and it is a routine task of a person
skilled in the art appropriately to dimension the distillation
column or distillation columns required for separating the

products in accordance with thé'product composition present in
35 each case.

By means of the novel processes, the end products n-butyraldehyde
and n-butanol can be obtained, starting from 1,3-butadiene, with
a higher selectivity than in the processes known to date, which

40 use butadiene as the starting material for the preparation of
these products.

Examples

45 Commercial 1,3-butadiene stabilized with 4-tert-butylpyrocatechol
was used in the examples.
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washe with water and n-butanol. 1,3-Butadiene and n-butanol were

30 mixed in the liquid phase at 20 bar upstream of the reactor and
then passed continuously over the ion exchanger bed. The effect
of the reaction parameters temperature, flow rate and
1,3-butadiene/n-butanocl molar ratio was investigated within a
wide range. The results obtained under the various experimental

35 condition are shown in Table 1. The analysis of the product
composition was carried out by means of calibrated gas
chromatography (based on butadiene).

Example 4
40
Experimental series on the addition reaction of n-butanol with
1,3-butadiene under the reaction conditions stated in Tables 2, 3
and 4 were carried out in a 0.3 1 stirred autoclave and the
results shown in these tables were obtained. Table 2 relates to
45 the use of different, acidic undoped ion exchangers as catalysts,
Table 3 shows the results of experiments in which mixtures of
different amounts of undoped Lewatit® SPC 118 ion exchanger with



|V and the Ia??g?/4gs 9dro|yzed to n-butyral dehyde but not 5 hydrogenated
to n-butanol. The water required for the hydrolysis is fed via the
supply line 32 to the reactor 30, which in the drawing i s designed as a
tube reactor with a straight pass of thé#4 reaction mixture. The |iquid
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2, where itYis again reacted with fresh 1, 3-butadiene to give the 15
adducts Il and |11l or alternatively, after renoval of water cont ai ned
therein fromthe reaction in reactor 30 (not shown), can be recycled via
the lines 25 and 44 to the reactor 30. Hi gher-boiling products, for
exanple, dineric and trineric 20 butadi ene derivatives, can be renoved via
a pluralitygof outlets, represented by outlet 38 in the drawing, in the
| ower part of the colum 35. If a honbgeneous catal yst was used in the
reactor 30, the catal yst solution is advantageously recycled fromthe
bott om of colum 35 via line 39, if required after renoval of a 25
part-stream of spent catalyst, via line 40 and with addition of fresh
catal yst solution via line 41, to the reactor 30. In a preferred
enbodi nent 39f the novel process, when n-butanol is used as al cohol RCH
|, the n-butanol which is isolated in colum 30 20 and renoved via |ine 23
and whi ch consists of the n-butanol newy forned from 1, 3- but adi ene and
t he n-butanol originally added via line 4 or 15 and n-butanol |iberated
again in the course of reaction step c) in reactor 14 is divided into
t wo part-streans, the newy formed anmount of n-butanol being fed via 35
line 24 fogofurther use and the anount of n-butanol originally used as
al cohol ROH | being recycled via the lines 25 and 1 to the reactor 2,
unless it is fed, as described above, via the lines 25 and 44 to any
reactor 30 present and operated parall el to the reactor 14, or recycled
via the lines 23 and 43 to the 40 reactor 14. Dependi ng on the design of
t he plant and the resul ting demand, these butanol streans can be divided
by means 25of distributors not shown in the drawing and present at the
points of intersection of line 37 with line 25 and of line 25 with Iine
44 and at the point where the |line 23 branches into the 45 |lines 24 and 25.
Until a steady-state operating condition has been established on the
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additionally besevppBs56d wi th n-butanol via the lines 15 and 33,

respectively. When an al cohol ROH I other than n-butanol is used,
depending on 5 its boiling point it is renmoved fromthe colum 20 via a
separate outl et not shown on the drawggg and is recycled to the reactor
2 via the lines 25 _and 1 _and/or tqg the reactor 14 or reactor 30 via
the line 43 or 44, fedpectijelly. 10 [The - but anol renmpved from col um 20
via |line 23 and anyj alj@hol ROH| | {repoyed via a separate outlet and
differing fromn-bufagel® |Qle |behdre|d¢ing further used or recycled to
the reactors 2 and 2 siwjlecre¢ctio ki{urther distillative purification
not shown in the| d ng} ifn jorger] tp Jenove any inpurities contained
therein, 15 such as|dilButyl| efher, |arld fe¢$i dual anmounts of water fromthe
reaction in reactor| 14. The| sqng applft €f {o the further distillative
purification of the| hilgxer-poilli odlcts renoved via outlet 26. The
distillative purififafBohtofs o] S ROH | renoved via a separate
outlet and of the nfb ial2¢ line 23 and then recycled may be
necessary in certaip <TE'E AT 2> =1 I prder to avoid a build up of
inmpurities and wat ¢ n | hg s pifculation. The distillative
purification of |5¢ gok 'qm Lolum 20 can be carried out by
conventional distil i dpe$ not forma subject of 25 the
present invention. [E¢ gt Dl 1 es correspondingly to the
products renoved frpE|gob ; [ he lines 36, 37 and 38. In this

aUf~lhat the outlets fromthe col ums
3d™ [©¥{he drawi ng. The conposition of
esp ¢olums varies depending on the
hd @0 and it is a routine task of

11, 20 and 35 are p
the products to be
procedure used & i

context, it is once%
0

a person skilY ed| i riptely§to dimension the distillation
colum or distil§atfo Liled|& or geParating the products in
accordance withy he| p ilg|presen® in 35 each case. By
means of the novel pr pf ofluc® sHn@ byt gr al dehyde and
n- but anol can bé obf ailne rom{, Rb@tpdgege, with a hi gher
selectivity thargin|t wn| tp dcét,g,g igh 40 use butadi ene as
the starting materifpl Lipn|ofy 8 ?hg«s}g products.
Exanpl es 45 Cor@rer Ci § _&t(a)i |'_[|Z dov\BtU
4-tert-butyl pyrecatlec 1 Fhe egag‘p%eg.% 0050/ 47850
0 3 HdH O
EmMAAQA
U —
=§| ae
22 llelllslzl 3
52 [g[a[R||R|S] 8
[~
33 =
o
E
Q
T Izilglelgle = a
[20‘—‘ O\ JOO OO OO OO :

Butadiene | Pres-
[g/h] sure
[bar]
46.0 20
39.2 20
26.2 20
18.9 20
13.5 20
. 44.5 20
= Octatriene
VCH3) = vinylcyclohexene

Flow rate of
Butanol
[g/h]
81.5
83.9
49.0
59.1
49.0
147.9

Table 1l: Continuous addition reaction of n-bu

Oct.2?)




43 Exanpl eodsd/€p8800n step a)
with 67.0 g (0.90 nol) of

in the H+ form
n- butanol. 47.9 g
reactor. After

selectivity

for 1- but oxyby
of 46% Exang
(0.90 nol) of 15
H+ form whi ch
with 3.5 g of a |
chloride. 47.0 g
aut ocl ave. After
pressure, a sele

of 44.3%f or

conver si on of #69.

charged with

120 in the H+&for
n- but anol merg 30

reactor and
ef f ect of

1,3-butadiene5n-
range. The reSult
shown in Tabl 8 1.
out by means Hf

Exanpl e 4 40

W th 1, 3-byt a
and 4 were cafyri

shown in thes

different, acldi

results of ex
Lewatit[err]

n- but anol

A 0.3 1 stirred autoclave was filled

and with 15.0 g of Lewatit SPC 118

5 whi ch had been washed beforehand with water and

Table 2: Addition reaction of n-butanol with butadisne us

a reaction tine of 10
4364%f0r B-bu@oxybut-
t - BB €ne| (baped pn byt ad
le]R8 |2A B3 [ist|Erelf
n- g2 of ahd W th [f1.5
hpdl en washefl before
e f;‘ .,|1] SPG—+181
(0} 88 ) R 1;%-b 2ad
regﬁi E1‘::&‘&)?::&10 nuLg; a
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Hut hnol _holar ratio S
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(0.88 nol) of 1, 3-hgg adi ene was then forced into the
' ours at 90Lerr] C and 9 bar, a

electivity of 41.1%
und at a conversion 10
s filled with 67.0 g
[err] SPC 118 in the
er and n-butanol, and
ped with copper (11)
n forced into the
d 20 under autogeneous
-ene and a selectivity
) were obtained at a

1 tube reactor was

he brand Amberlite IR
| . 1, 3-But adi ene and
upstream of the
exchanger bed. The
w rate and
within a W de
ntal 35 condition are
osition was carried
ed on but adi ene) .
eacti on of n-butanol
tated in Tables 2, 3
nd the results
to 45 the use of

, Tabl e 3 shows the
ent anounts of undoped
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25

used as catal ysts

copper (11)
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51 Exanpl ®0sd/A4y880 i zati on of adduct |1l to give adduct 11) A
stirred autoclave was filled with 6.0 g of n-butanol, 2.0 g of 5
3- but oxybut-1-ene and 1.2 g of dried Lewatit[err] SPC 118 ion exchanger

inthe Herr] form The reaction mxtureggas heated to 105[err]C and,
after a reaction tige of 2 an hours. a _sanple s taken and the
3- but oxybut - 1- enef 1-{but oxybut { 2-lenp dat} o]wds Het efmi ned by gas
chromat ogr aphy. The [@&nge in|tHis|ratijo Witlh fhe {eagtion 10 time is shown
in Table 5. Tbléé'g =~ |w [e = o |a s |n 2 Mol ar ratio of
15 Reaction ti & & 3-bulof |= [* |S |21 Dbl oxy- @ [ h]
but - 1- ene bLtgg-ene 0 g 100
2 10 3642 — = 61
39 Exanpl e 6 4 & the appdgraf ug s¢rilbef i n|Ex@npl e 3,
1, 3-but adi ene, n-butldh@ 25 a E‘m_r. % % |Bf|Db|oxybienes as formed in the
addi ti on reacti{fon %)@ n- but anql™ W T, $54it Bdi ee &nd from which the
maj or part of 8 {hq_1-butoxyi?-leng liclthdd beenlregoved beforehand by
distillation vwerefmpged in the Ifi gpi hage luppt ream®f the reactor and
then passed comiti pudisky at 29_Hay |ahe lat |&dei hus 30 Eenperatures over the
i on exchanger ¥ed ‘Hﬁagresult b N [Higee|cS |ogrppri mgnts @re listed in Table
6. Al anal yses vwareé"carried but meqny of calibgaged gas
chr omat ographyg xanple 7l (donhadi nlwilt hl Fxa Igﬁ) 3«5 Exanple 7
was carried outf i tjhe same way |as | ¢ 4, pxcept § Ethak only
1, 3- but adi ene @nd n:{liganol , butl np butloxybutehes, weegy &ed to the
‘reactor. The r§su _s_‘oaalge li st gd |enfdasl e+ b | A CoppaBigon Bf the results
of Exanples 6 @nd|% En°Tabl e § ghojrs t hat|, py r¢cycling the undesired
3- but oxybut - 1-s&#ne|Eqredinthe adididtibntrepction of n-butanol with
1, 3- but adi ene o0 {He agdition reag¢tifjon] tihe| furfher formation of this
byproduct is dse@ 45
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0050/ 47850 00307478570 lerr] 0050/ 47850

53 Exanpl e 8 Addi tion reaction of n-butanol wth 1, 3-butadi ene

under zeolite catalysis 5 a) Preparation of the Herr] formof the
zeolites A commercial Y zeolit®lin the Na form (nmodul us: 5) was
converted into the H+ formas follows: 10 100 g of the zeolite were
treated at 3Xpmplé G fsomepiextidN@E adduct MITt Boagimdiadauss! £8f e sol ution,
t hen washed with water, dried at 110[err]C and cal cined at 500[err]C

for five hoyrs,:Jhi t . . e ted_pnc re, The resultin
Y zeolite 5(1§+§F§£rr & ditBe1AFE yas f&%%%&ﬁéh?‘b%ggﬁbﬁgv‘e“ﬁ’“%gnS%{s%'gﬂ kg
its x-ray 215 “PUtOXYRYt-f=eng A t]t'érﬁ Btr‘?‘é‘ﬁ?oﬁ‘ﬁg.ﬁt%/% 57 dyBi P x-ray
di ffracti onF5PeRISr 9 4he Hodiorme The thpaciiopopirture was(iearest ocfl05e .
An Na zeol i @adwhatterthad reeebien dimeeds a2 caordliénotios Frargaimplé @és takenf US- A
4 89f1_ |4;58dwa_aflt tgé%ltzd)uit?:xirbﬁtsﬁll&eﬂﬂﬂﬁox%but—b)-er?e Oratib @hbra&ckaidheal ﬁveY
was fille . J A A e
zeolite iqp 4l Bia-ﬁscfsq{;&la QgQngSP éo?ré‘ﬁa?’é%“%éc)clé‘p 3?%%@%We£€%%&fga7hg

10 kliigcts 'sophyip pabiels

(0.92 nol € were then forced in. After a reaction
time of 6 hours at 130[err]C and 9 bar, a selectivity of 32.4%for
t he foPk@t? on of 3-butoxybut-1-ene and a selectivity of 20.3%for
the formati on of 1-butoxybut-2-ene were neasured at a 1, 3- but adi ene
conversi on pr—3579% 30 090 uuiMdi;”hﬁobotauu: atre—0588 nol of
1, 3-but adisehe were .
Reaction time 3-butoxy- 1-butoxy-
[h] but-1-ene but-2-~-ene
0 100 0
2 70 30
20 6 61 39
Example 6

In the apparatus described in Example 3, 1,3-butadiene, n-butanol

25 and a mixture of butoxybutenes as formed in the addition reaction
of n-butanol with 1,3-butadiene and from which the major part of
the l-butoxy-2-ene [sic] had been removed beforehand by
distillation were mixed in the liquid phase upstream of the
reactor and then passed continuously at 20 bar and at various

30 temperatures over the ion exchanger bed. The results of these
experiments are listed in Table 6. All analyses were carried out
by means of calibrated gas chromatography.

Example 7 (comparison with Example 6)

35 ,
Example 7 was carried out in the same way as Example 6, except
that only 1,3-butadiene and n-butanol, but no butoxybutenes, were
fed to the reactor. The results are listed in Table 6.

40 Comparison of the results of Examples 6 and 7 in Table 6 shows
that, by recycling the undesired 3-butoxybut-l-ene formed in the
addition reaction of n-butanol with 1,3-butadiene to the addition
reaction, the further formation of this byproduct is suppressed.

45



reacted in a nppsey4ye8ol ar to Exanple 8b) in the presence of
the zeolite in the H+ form prepared according to
3- but oxybut - 1-ene was 35

conversion of 40.0%

of 42.5% and 1-but oxybut-2-ene with

Exampl e 9
but adi ene- cont ai

5 g of

Exanple 8a). At a
formed with a selectivity
ga selectivity of 16.5%

Addition reaction of n-butanol with

4 ngrinydrocargn tures by neans of 40
proton catalysis?¢ Alg.g 1l|stlirfed autoclave was filled with 51.0 g (0.69
nol ) -of n- but erlnol ani s t h_140, of Bayer catalyst K 2441 in the H+
form 40.0 g of a1, 3-t% di ¢sd=cpBfai ni ng hydrocarbon m xture 45 (15. 4% of
n- but ane/ i sobut ade, 15.1%2%g of | 1-jbuf ene/ 2-But ene, 1. 0% of i sobut ene, 38.2%
of but adi ene) we theg forcedl]infojthe @ autoclave. After a reaction tine
of 10 hours at 1@[efr]|C and|{43 bpr & 0050/ 47850
54  the reactiol§ wap termPaLdd, ARY tde€dreaction mixture was anal yzed by
gas chronat ogr aplly: Ego Reqd [ o But adi ene conversi on:
18 % 5 “ | sobu{ erfe Eofveég sdon: 47 %
1- but ene/ 2- but en® cofgdrsTOT BRSO 4 % Sel ectivity of the
formation of 3-bwoxyBit-3-epe:| P1|%H 5 Selectivity of the formation -
of 1-but oxybut-2:'ene & 8% [oy | |[=Pel@Ctivity of the formation of
vi nyl cycl ohexene:v 8 ﬁ)go © |EXHTpl el 18 Addition reaction. of n-butanol
with 1,3-butadi e® o 21 © Jutadi ene- cont ai ni ng hydr ocar bon
mxtures in the § |& presengesof a honobgeneous transition netal
catalyst 15 a) A Oj3|: gtifrgd pufo e was filled with 74.0 g (1.0 nol)
of n- but ardl , | 0. §0§ g ngrcﬁES:zmm ) of palladium acetyl acetonate
and 2.02 g (7.3 Mol ) g8 L [S |92 ][=
1- (dii sopropyl ph@ph nc)"--@-( i -t ef t {but yl phosphi no) pr opane under a
ni trogen at nosphd& e. | 34~F~g—1o-1641+19l ) of 20 1, 3-but adi ene were then
forced in. AfterT rea(t;ign 1ie pf 20 hours at 80[err]C and 9 bar,
the reaction was er*rirgtgd g~ e the reaction m xture was anal yzed by
gas chromat ography. [ L N84 = | But adi ene conversi on:
88 % 25 Sel egtiv|ty«~of the |fof miti on of 3-butoxybut-1-ene: 64.5 %
Sel ectivity of tF'?;e f prrratortoi—t gttoxybut-Z-ene: 34.3 %
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b) A 0.3 1zﬁqSQ4§?%ﬁﬂoclave was filled wwth 54.8 g (0.75 nol) of
n- butanol, 0.122 g (0.4 nmmol) of pall adi um acetyl acetonate 30 and 0. 68
g (1.6 nnDI) of 1,2- bls(d|cyclohexylphosph|no)ethane and 30 g of
M'hagol under a nitrogen atnosphere. 2658 g (0.48 nol) of

1, 3-butadi ene were then forced in. After a reaction tinme of 10 hours
at 80[err] C andmpPebsr, hRaitfacirnedBtion of nidwthRéTNwWiHHEd ,80ButdEidmRact i on

m-xture was anal yzed by @a3§e85e01iteh raphy. Resul t :
But adi ene conver si on: er“zeolitk Eg@iﬁgsa% % Sel ectivity of

the formation of 3-butoxybut-1-ene: 41.3 % Selectivity of the
formation of 2- bFrERPEUELON ofcthegh*; foymoot the zeplites 1 stjrred autocl ave
was filled with 54.8 g (0.75 nol) of n-butanol, 0.122 g (0.4 mmol)
of pal |l adi um acetrykampérmiaile Y zeolitearith @hd4nNg ﬂcﬁnﬁ(ﬁﬁﬂhlus}f 5) was

1, 2-bi s(di cycl ohepnkehesdhinte) eh8aie form as #41d%ks@ Nitrogen atnosphere.
25.9 g of a &4 cut (52.9% of 45 1 3-but adi ene, 22. 3% of i sobutene,

20. 4% of 4. 4% of but ane t hen forced in.
89€ p

: 11 J)ut en f
After a 3;9& ot t‘i ZSP ¥R 115iFes thea é’rtr%E I £o5apxchapge
reaction odth/ ampepium sulfate solution, then washed with wgger, dried)gs

ternmnated and tlé 12001 japd caktined aks5a0R0 foedfbye gemirs. This treatment
chromat ogr aphy. was repedt®ilibhce Bud:sli @he £6SWRIINOR: zeolite (H* form)

82 % 5 Stlll cdrRAULANE. 65¥“ﬁ§’§b88ht of sodi um and .its x
1- But ene/ Zlé)uten enversion: .. orn correspo to the ggg:ct | Vi t)té o the
. formation 3but1 %‘ETE’RE 58'3%}3 of t he

fornmation of 1- bl?f"S; ion pattenp of a ¥gzeobjte infhapit me ( Conver si on
of the adduct || (FAVoStiuctazedal |V) A gl ass autoclave was filled with
0.022 g of the catalyst 15 HRud (CO (PPh[err])[err], 0.031 g of

tri phenyl phosphi ag, N8. 2451 i%eO%hich dRRPBRER PEdfhred aacaréﬁflg §oTERbmp e 1

1- but oxybuig 2- engeapg_g- 48%[96”?8% GoIRLY £ P Ul e 8 Tact on

time of 16 hours at C under aut ogénous pressure, the reaction
m xture was anal ééed by nmeans of calibrated gas chromatogra

hy. At_a
conversion r&e 20%#% 185;%1r§e§ FrRAIGVPoHRENE Ikee FAERER W h (5 g%l’@;‘b]t)i vity
of 85.1% and efpatusangl- andfeitdl t5h gaofethety vep}ibe o the HY formanpl e
12 (Hydr ol ysi s prépatex] acebatihy to Exabhplerédedpd? gs{hP2 mol) of
25 1,3~butadiene were then forced in. After a reaction time of 6

hours at 130°C and 9 bar, a selectivity of 32.4% for the

formation of 3-butoxybut-l-ene and a selectivity of 20.3% for

the formation of l-butoxybut-2-ene were measured at a

1,3-butadiene conversion of 35.9%.

30
c) 0.90 mol of n-butanol and 0.88 mol of 1,3-butadiene were
reacted in a manner similar to Example 8b) in the presence of
5 g of the zeolite in the H* form, prepared according to
Example 8a). At a conversion of 40.0%, 3-butoxybut-l-ene was
35 formed with a selectivity of 42.5% and l-butoxybut-2-ene with
a selectivity of 16.5%.

Example 9 Addition reaction of n-butanol with
butadiene-containing hydrocarbon mixtures by means of
40 proton catalysis

A 0.3 1 stirred autoclave was filled with 51.0 g (0.69 mol) of
n-butanol and with 10.0 g of Bayer catalyst ® K 2441 in the H*
form. 40.0 g of a 1,3-butadiene-containing hydrocarbon mixture

45 (15.4% of n-butane/isobutane, 45.4% of l-butene/2-butene, 1.0% of
isobutene, 38.2% of butadiene) were then forced into the
autoclave. After a reaction time of 10 hours at 100°C and 43 bar,



a hormgeneous c % 25 A gl ass autoclave was filled wwth 3.0 g of
wat er, 0.022 g of the catal yst HRud (CO (PPh[err])[err], 0.031 g of
triphenylphosphine 0.005 g of decan0|c acid and 3.0 g of

1, 1- di but oxybut ane and stirred for 158our at 160[err] C. The reaction

m xture was dihel yeadtign mesnsephimtegapngr the dregstion whhurgr Hphyanalyzed
conversi on ofby9@%s chromdusigyraphgehyde was fornmed with a selectivity of 85%

Exanpl e 13 (Conversion of the adduct Il into the acetal |1V and
Slage Ui ng a hodSiinbaus CEEAroLl o Mg“‘ﬂ‘egl 2se autocl ave wal®f Pl ed
with 0.022 % of the catal y§F°%u ene qORYEreEy{ Prhlerr])[err], gglgg of

tri phenyl phosphi ne, 0.005 ¢-gptene/2-bugengneprvesSign:3. 18 (24 84nfol ) of
1- but oxybut - 2- enéaindtﬂ@ity of] £t88 foxi®nmabl 9-b1fthybutahfﬁtn%snd 4dt Brred
for 8 hours underselectivieylcfyeReOSSridtASRUGE Ribultuxybutlf-enker aaf ger, 2.2

g (122 mol) seleBtivBiLlofRLE AR R8Tt ¥{dyIRG cIBRe£HY | NUEE ROr a
further hour at 155[err]C. The reactlon mxture was anal yzed by

neans of | i brated as chr omat, ogr converS| on of 99% 45
n- but yr al dehﬁi@“‘&ig bbt alAﬁé tHPR reactdp c? Tytéfméo‘%"a’h 3-putadiene or
1, 1- di but oxybut ane wi t h ®useféene~donradning,hydrocarbosonigtyzes in the

56 b) A gl ass aut ocl avepreasenée |dfec hWotmbgéndiitisd grahsitiomr aeabystatalyst
HRuCI(CO)(PPh[err])[err] 0.031 g of triphenyl phosphine, 0.005 g of

decanoi ¢ agd d, 1% g 12341::%:1@53%)11:9{:1 eb QX¥Pﬂiec¥ WAtk 74.0 g (1108 9) (- 8

mmol ) of n- butano a r . i.rre
hour)s under aut o ggn%]rbss gt rrqo X‘:’aof pa ladﬂ”ig 7 t&li Sﬁgﬁ{lﬁ{%re
was anal yzed by f@8n ¢ a7 -5 aEed) chromat ogr aphy. At a

conver si on of 48%(dibaeprepyiehpaphing)-3-(di-tept-dutydphpsphino)propansity
of 80% 1- but oxyhuidet- engitsddenaatmospherzel a6t 7 va t(0.6% HOY) aofl

1, 1- di but oxgybut ang 3ubhbadi s GelrkVihen Mdrced 2h. ARY%r a rEXNMIE tifle of
(Conbi ned hydr ol 35?)' fofPd Ly Yeee, '§) a‘if Lhe f"{aectt 3bn was termlnatecf'l fﬁé/ to

n- but anol usi ng onngeneous ,c ass aut cl ave mas
e e 0t TRISEES 2L R anbivfed et bR eaERnG 0520
of trlphenylphosphlne 0. 005 g of decanoi c acid and 3.0 g of

1, 1- di but oxybut aresaal: 1Butadiene popverfd®mtas then forced in. Aft &8 &
reaction t25e of sklebelivitytof thd6Hdmmaticn plie3+mecixybntAlxdnee 6B 32
anal yzed by neansedlecedbidy a€end0s&htation0oBet 0 aitkybudl2 ferednVver 9 @n of
99% n-butanol was forned
b) A 0.3 1 stirred autoclave was filled with 54.8 g (0.75 mol)
of n-butanol, 0.122 g (0.4 mmol) of palladium acetylacetonate
30 and 0.68 g (1.6 mmol) of 1,2-bis(dicyclohexylphosphino)ethane
and 30 g of Mihagol under a nitrogen atmosphere. 26.0 g
(0.48 mol) of 1,3-butadiene were then forced in. After a
reaction time of 10 hours at 80°C and 10 bar, the reaction
was terminated and the reaction mixture was analyzed by gas
35 chromatography.

Result: Butadiene conversion: 99 %
Selectivity of the formation of 3-butoxybut-l-ene: 41.3 %
Selectivity of the formation of 1l-butoxybut-2-ene: 58.7 %

40

c) A 0.3 1 stirred autoclave was filled with 54.8 g (0.75 mol)

of n-butanol, 0.122 g (0.4 mmol) of palladium acetylacetonate
and 0.34 g (0.8 mmol) of 1,2-bis(dicyclohexylphosphino)ethane
under a nitrogen atmosphere. 25.9 g of a C4 cut (52.9% of

45 1,3-butadiene, 22.3% of isobutene, 20.4% of l-butene/
2-butene, 4.4% of butane) were then forced in. After a
reaction time of 10 hours at 70°C and 11 bar, the reaction



. 4 ‘ :
with a sel ectalovslot/y 7081‘5098. 5% Exanpl e 15 (Acetal ation of the adduct I1
to give the acetal 1V and hydrogenation of the acetal to
n-butanol in a 25 singl e stage using a honbgeneous cat al yst)

A gl ass autoclave was filled with 0.022 5 of the catalyst

HRuCl ( CO) ( PPh[ er Wep[ terfpinateg3ang tiie meaghioy | midsyli was anayzed by gas
decanoi ¢ aci d, 3chBomatdgraphynol ) of 1-butoxybut-2-ene, 1.83 g 30 (24.8
mol ) of n-butanol and 2.2 g (122 mmol) of water and 10 bar hydr ogen was

then forced in. a | | f: 16 hours at 155C, t reaction
/ﬁfeggig. é@%&bgg %%rpfi%br%mi'x. %%

m xture was. anal yze y nmeans rated  gas chromatography., At a
conversion “of 72% n-butan FoRREenS, CRRYersicns a selectivity of 85% and
n-butyral dehyde with a sel dcBptgns/2zbugenemgnversipnyple 16 (Adet al ati on
of the adduct || Sedegtirsitth@fathe aformdtion of 3-butoxybutsl-+epea

het er ogeneous cat4dl.gs¢ in the liquid phase) 40 A glass autoclave was
filled with 0.10 S_Ql@éti\h&li'%rfefzﬂgeﬂ?ﬂd&%ion sﬁtﬁlsﬁ%bx?aﬁéﬁ@éﬂ&on active
car bon (1%’{9 by qulsggt%_of d), 3.0 g (24 mmol ) of 1-butoxybut-2-ene and
1.73 g (24 mol ) “of “n-but anol . After 16 hours at 150[err]C under a
hydrogen at nosphere (1 bar), the reaction m xture was anal yzed by neans
of cali brat e&*gBRlaslkhr dGaRVRIFH PRy Of Abhe adstwedr ET ointsf theogcetal IV)

1, 1- di but oxybut ane was formed with a selectivity of 42% dibutyl ether

wth a a 0859/ dtelave was filled with 0.022 g of the catadyst

sel ectivityg %ué@%@@d’ﬁg?ﬂ X684t g Lo £GPk ly PorsdgtahkY! bYosY¥ g of 22%

> 10 decanoié‘acid, 3.18 g (24.8 mmol) of l-butoxybut-2-ene and 1.83 g
(24.8 mmol) of n-butanol. After a reaction time of 16 hours at
160°C under autogenous pressure, the reaction mixture was analyzed
by means of calibrated gas chromatography. At a conversion rate

20 of 85%, 1,l-dibutoxybutane was formed with a selectivity of 85.1%

and l-butoxybut-l-ene with a selectivity of 10.1%.

Example 12 (Hydrolysis of the acetal IV to n-butyraldehyde using
a homogeneous catalyst)

25
A glass autoclave was filled with 3.0 g of water, 0.022 g of the
catalyst HRuCl(CO) (PPh3)3, 0.031 g of triphenylphosphine, 0.005 g
of decanoic acid and 3.0 g of 1,l-dibutoxybutane and stirred for
1 hour at 160°C. The reaction mixture was analyzed by means of

30 calibrated gas chromatography. At a conversion of 90%,
n-butyraldehyde was formed with a selectivity of 85%.

Example 13 (Conversion of the adduct II into the acetal IV and -
hydrolysis of the acetal IV to n-butyraldehyde in a
35 single stage using a homogeneous catalyst)

a) A glass autoclave was filled with 0.022 g of the catalyst
HRuCl(CO) (PPh3)3, 0.031 g of triphenylphosphine, 0.005 g of
decanoic acid, 3.18 g (24.8 mmol) of l-butoxybut-2-ene and

40 1.83 g (24.8 mmol) of n-butanol and stirred for 8 hours under
autogeneous pressure at 155°C. Thereafter, 2.2 g (122 mmol)
of water were added and stirring was continued for a further
hour at 155°C. The reaction mixture was analyzed by means of
calibrated gas chromatography. At a conversion of 99%,

45 n-butyraldehyde was obtained with a selectivity of 80% and
1,1-dibutoxybutane with a selectivity of 9%.
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b) A glass autoclave was filled with 0.022 g of the catalyst
HRuCl(CO) (PPh3)3, 0.031 g of triphenylphosphine, 0.005 g of
decanoic acid, 3.18 g (24.8 mmol) of 1l-butoxybut-2-ene,
1.83 g (24.8 mmol) of n-butanol and 2.2 g (122 mmol) of water
and stirred for 16 hours under autogenous pressure at 155°C.
The reaction mixture was analyzed by means of calibrated gas
chromatography. At a conversion of 48%, n-butyraldehyde was
obtained with a selectivity of 80%, l-butoxybut-l-ene with a
selectivity of 10% and 1,1-dibutoxybutane with a selectivity
of 0.3%.

Example 14 (Combined hydrolysis and hydrogenation of the acetal
IV to n-butanol using a homogeneous catalyst)

A glass autoclave was filled with 3.0 g of water, 0.022 g of the
catalyst HRuCl(CO)(PPh3)3, 0.031 g of triphenylphosphine, 0.005 g
of decanoic acid and 3.0 g of 1,1-dibutoxybutane and 10 bar
hydrogen was then forced in. After a reaction time of 14 hours at
160°C, the reaction mixture was analyzed by means of calibrated
gas chromatography. At a conversion of 99%, n-butanol was formed
with a selectivity of 98.5%.

Example 15 (Acetalation of the adduct II to give the acetal IV
and hydrogenation of the acetal to n-butanol in a
single stage using a homogeneous catalyst)

A glass autoclave was filled with 0.022 g of the catalyst
HRuCl(CO) (PPh3)3, 0.031 g of triphenylphosphine, 0.005 g of
decanoic acid, 3.18 g (24.8 mmol) of l-butoxybut-2-ene, 1.83 g
(24.8 mmol) of n-butanol and 2.2 g (122 mmol) of water and 10 bar
hydrogen was then forced in. After a reaction time of 16 hours at
155°C, the reaction mixture was analyzed by means of calibrated
gas chromatography. At a conversion of 72%, n-butanol was formed
with a selectivity of 65% and n-butyraldehyde with a selectivity
of 20%.

Example 16 (Acetalation of the adduct II to give the acetal IV
using a heterogeneous catalyst in the liquid phase)

A glass autoclave was filled with 0.10 g of the heterogeneous
catalyst palladium on active carbon (10% by weight of Pd), 3.0 g
(24 mmol) of 1l-butoxybut-2-ene and 1.73 g (24 mmol) of n-butanol.
After 16 hours at 150°C under a hydrogen atmosphere (1 bar), the
reaction mixture was analyzed by means of calibrated gas
chromatography. At a conversion of 21%, 1,l-dibutoxybutane was
formed with a selectivity of 42%, dibutyl ether with a

5

e



a) 1,3-Butwm%gﬁ?4#785%nnadiene-containing hydr ocarbon m xture IS

a
reacted with an alcohol of the fornmula | 10 RCH
I, where Ris (Jerr]-Cferr]-al kyl or al kenyl which is unsubstituted
or substituted by 1 or 2 C[err]-éﬂerr]-alkoxy or hydroxyl groups, or
is (] evallec€iivity -aff 253 &héridbutosybhtal-wreywidh asidiectimitelef/at ed
15 t enper ggay.es and superat nospheric pressure in the presence of
a Bronsted acid or in the presence of a conplex of an el ement of
Goup la, VIIAor VIII A of the Periodic Table of Elenents W th
phosphorus-_or nitrogen-containing ligands to give a m xture of the
adducts of ¥he formulae Il 20 OR I
and 11l 25 OR [err] 30 b) the adduct I11l is
i sonerized to the adduct I1, c) the adduct Il is converted into the
acetal of the formula IV OR [err] in
the presence of an anpunt of an al cohol ROH I sufficient to formthe
acet al Iv;ﬂ?d of a honobgeneous or het erogeneous transition netal
cat al yst ch differs from 40 di cobal t oct acar bonyl or
hydri docobal ttetracarbonyl, in the | i qui d phase, under essentially
anhydrous conditions, and d) n-butyral dehyde and/ or n-butanol are then
produced fromthis acetal 1V by reacting it, in the liquid phase,
wi th hydrogen 45 and water or water in the presence of a honbgeneous or
het er ogenepais transition netal catalyst which differs from 521/ 95
EM kh 14. 03. 1997
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0050/ 47850 0050/47850 2 ——di-cobalt-ectaecarbonyl

or hydridocobal ttaarbonyl, and the al cohol RCH |_1 I
and the liberated alcohol ROH I is recycled to the reHll m" Imltion
st'eps a) and/or c). 2. A process as clainmed in c L the

reaction of 1, 3- but adi ene or of a butadi ene-containi ng hydrocarbon
m xture W twealalisebhol ROH | is carried out in the presence 10 of an
acidic ion exchanger. 3. A process as clained in claiml, wherein the
reaction of 1. 3-but adiene_or of .a butadi ene-co i ni ng _hydrocar bon
mixture witH an 2 PESRSPS It%fsp’f:%?é}’iaé"dpf}u?gi %ﬁfﬁgrﬁié% /or "of a
catal yst conpri dRytapoky whereipy| or -aryl al kyl - phosphi ne conpl ex of
a transition nmetal from G oup A, VIIA or VIIIA of the Periodic

Tabl e of El eryentls3-Butadienefopr acksisadienel-abiesli nihgC hglifdbdarvdme mekbutde

reaction of 20 js réadtdttA¥nCAR £lcdHo12oRUEREI &igmagnial ni ng hydrocarbon
m xture with an alcohol ROH | is carried out in the presence of a

cat al yst nprising an al kyl, aryl or aryl al kyl - phosphi ne conpl ex of
r hodi um ]gé) ni ckel , of pal | adf®¥m bf iridiumor of platinum 25

5. A process as clained in claim1l, wherein the isonerization of

t he adduct 111 theygevR ish&€alsh+@llkiyl os alkenyddwiridh iis thsubstitutedr esence
of a catal yst asubsedtisd bhe1catat ¥5i8; PlalkbRy or hydrasyit esugLaeki 98 of
{1 ool Pdy 8,lrfy - QUESHLENRIGA o2 mesad DAL WS ifOnt 211 19
clained i'n clai ?#Ff's _e,i\;\%%"grgel%n ap ﬁes%é]ecfgaé:tmolsppef’s pressur?e’p’értgieegrfa?‘(’)ﬂ?‘? if
adduct 11, and £hETSRIRY acif PE imdhespresence OfcpogoRple% ff pBnelengnty)
and is isonerize®d ErReYR kap YIA or VIIIAt pg bhriRsripfic Tablgp ofAEpememtss as
clainmed in clai mith pimsphorusheor aaittriogenstemisaining ligandadodyiaseacarri ed
out in successi @ixtiré her ltheUhdadas &4@he formulla@erpr esence of a catal yst

honogeneagygpl y soluble in the reacti on nedi um 8. A process as
claimed in claiml, wherein the reaction steps c) and d) are carried
out in succession in the |iqui d/pﬁa»sé\A-EbR int presence of a catal yst
whi ch i s honpbgeneously sol ubl e inthe reaction nediumand is a
nonodent at e or pol ydent ate
and III
25 OR
N III

30 b) the adduct III is isomerized to the adduct II,

c) the adduct II is converted into the acetal of the formula IV

OR

35 ' //‘\\//L\\ v

OR

in the presence of an amount of an alcohol ROH I sufficient
to form the acetal IV and of a homogeneous or heterogeneous
transition metal catalyst which differs from

40 dicobaltoctacarbonyl or hydridocobalttetracarbonyl, in the
liquid phase, under essentially anhydrous conditions, and

d) n-butyraldehyde and/or n-butanol are then produced from this
acetal IV by reacting it, in the liquid phase, with hydrogen
45 and water or water in the presence of a homogeneous or
heterogeneous transition metal catalyst which differs from

521/95 EM/kh 14.03.1997
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phosphite conplex of an el enent of G oups VIA a n

Periodi ¢ Tabl e of El enents. 9. A pr cess as clained in claiml1,
wherein the reaction steps c) d) are carried out in succession
inthe liquid phé%€°ba1t°°ta}%11bﬁé1’br‘é%éW@éfléPcab%Jeﬁt@ItygFamm,| and the
honbgeneousl y solaligiobol ROH I jis flhberatmst i on nedi um and conprises a
phosphi ne or phosphite conpl ex of an elenment of G oup VIA and/or

VITI A of the ang the Pobd:tied I@@éﬁolofnoﬁ' eegt X

phosphi te @::act%tﬁﬁaw% e()i 5551&6’%0 step d) ée grarlggaébéa[}%?%lﬂ%ﬁg i
presence drdgenan ‘and n- butanol I s produced. 10. A
process as claimed in claim1, wherein the reaction steps c) and d)

are carried dut i P3EEess it lainedein ioj@iin phasckeredn thejyeadtdom eSence of
a catal yst whi ch 1,8-bothadisreoos] gf solbutagdiene-containihg hedcddaaboredi um and

conprises a phosmmewrwmm%mhhl@ohol ROH Qoﬂ@@a&zfﬂedaau@'frmﬂk W%E‘e&@ﬁce

platinum ngg al grURn acidid ~2s clainmed in claiml, erein the
reaction steps 20 § and are carriced out in succession in the |iquid
phase I n the presence of a catal yst which is honogeneously sol uble

in the reactidon Re8FRRPSHAPS Slaivedincladmel enginredn theugraction of | | A of
t he Periodi ¢ Tablle3obutadirne or of5 tutadipneceustainioyahydrbdarbohai m 1,
wherein the reacwictuséepith an alcejolRARDHIY 85 ecaififieidedu®Uin itheS peessSEHN
Ihn the li q15| d phi%ifei catalydt) cbhfrDE ARFRGC alky R, GilA! }S§t which is
onmpbgeneously so _ &d | a ua, .anine,
a#Ph81xy1 rfyosbﬂlﬁg' c nﬁ)a.%gt 88 %?%a%@:.% %aorln%?g? GFoup,

hal o, cyano, or 0nat o
el ement 30 ofIAGrg V&ﬁgg]o? da\t?uﬁeﬁl? ¥ giablfe OpeF I RERESTab! e of
El ement s. 13. A process as clained in claim1, wherein the reaction
st eps 40) aAnprdyess escginived ot claimhe, Iwhpmednphhse:eattuba pfesence
35 of 20 cat allySt-buwbadieries oboaD ge neadl ¥néataiad niiAgt pdrRAGbbaN
medium and is a gaktufé WtHAHAa1EMdIe ROBALOjs WA ed@Bh0in the prESE4Y

acetyl acetonato ¢gnpl ggc.l._ﬂ s%”cGJnﬁlgféltngoanc%QHﬁ Vlaé\yl or . andlor PUFTTA of

the Periodic Tabl e of tion I S carrled out
in the presence Sr¥ya via a? SSRB“‘G c ?ﬁlffé'?%'g"l ggp’r‘ 14. A
process as clai mPg P'ﬂd%?‘%n @1 irfdiimior efePtabtitn st eps c) and d)

are carri P out in succession in the liquid phase
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
presence of a catalyst as used for the catalysis of the
addition reaction of the alcohol ROH I with 1,3-butadiene or

30 a butadiene-containing hydrocarbon mixture in reaction step
a).

6. A process as claimed in claim 1, wherein the adduct IIT is
separated from the adduct II, and the adduct III is then
35 recycled to reaction step a) and is isomerized there to give
the adduct II.

7. A process as claimed in claim 1, wherein the reaction steps

¢) and d) are carried out in succession in the liquid phase

40 in the presence of a catalyst homogeneously soluble in the
reaction medium.

8. A process as claimed in claim 1, wherein the reaction steps

c) and d) are carried out in succession in the liquid phase

45 in the presence of a catalyst which is homogeneously soluble
in the reaction medium and is a monodentate or polydentate



0050/47850 . .
In the presence of a catal yst honogeneously soluble in the 45 reaction

medi um and reaction step d) is carried out in the presence of
hydrogen and water or water and the ca&al yst sol uti on obtai ned after
t he products n-butyral dehyde and/ or 0050/ 47850

4 n- but BPRASERARE BEPRARRDALE! COFRIFX (0 PRUIIRIISr o€ aFFIHRTY Vah
reaction steps and/mariNVeiIa)of the PErigdin Jladbde af Elememtd.in claimil,
wherein the reaction steps 5 c) and d) are carried out in succession

in the |iquyd pﬁaﬁ%cess as éfhltnté% RheSELaE 10f wﬁéréﬁ@sﬂheoﬁéa@ﬁ&{%&% QOUS
catal yst g %E h'a g thﬁt téﬂ%c@@@f&ﬁcﬁﬁ'gﬁg'¥8§uld phé gnd d)
?

process as cl ai e rea flLo
fice of

are carried out*? rtt’seu§’5§§§‘i“6‘?1 ﬁ%t’ﬂ' fidsts °m°£nfaﬂu‘fjrpé
at | east one he%’érfé\?eﬁéé%l%t%d}§m mcqpmpnses 2 phasphdnener Ghosphite
el enents of G ocgrepliek o¥l d&n eldldmén&ndf odroup VIA d¥hd/{ox SMIITReoPetliendi c Tabl e
of Elements in péwidqdieseabee W Elementﬁbﬁﬁﬂfé&céfssOﬂilﬁasyhlﬁﬁl’er%}ﬁﬁiihh&eOf

Goup VAp915 1:'.'<Zan Qﬁ&cféa?ct% i Ehi‘kﬂé& od‘l!‘%eh sre%éﬁt i on
st eps of”hy QI eg, nﬂ:uﬁ:%%%?s | | qU| phase
in the presence of “a eas one rogeneous Ca S wﬁ h

contains one or nore el enents of Groups | A VIA, VI | A and/ or 20 VIITA

of the Peri d@i cATRiisicessf ag| elaimed iin @lcminprlesyheéeian the reachige®teprsf one
or nore el ements) aindadgupré/candedddut i inadcyession im ther liguid phas28. A

process as cl ai fectHe pebaéned , oﬂM&eE:Etéll}éle wheah! i®hdncRjenedlsly sdhbagd d)
are carried outy ﬁ“ch%“‘i‘ésééi&{'xd l"uﬁe nfh-Alas e %r:osphlhB w?ﬁy ngai.%@&e of

| h
ol emont s of G GUREISK o9 D o in o L piaciogs LR R, o

of Elenents in the presence or absence of one or nore el enments of
G oup VA andladdlipraness| §s30laimedginn¢haim tli,t ¥hepedrlithe geaction skeps
zi rconi ueodi oxi ¢lp,arml d) are carriedt eut airlsaceasi@wlint ehanlliquidghase
carbon as the in the p2bbéfde of a &8talys¥ AHASH 2§ K&m% dohé&fﬂéﬂﬂﬁbie

wherei n the reagxfg'eﬁ. 26808137 meaiuf) aff%ida asthfe e Gighibnl b Yaeessi on

inthe liquid ast one heterogeneous
catal yst which °fc’6ﬂ?a#erf'sl Bafi éﬁ?ﬁ?noef %leEG ™ process as clainmed in

claim1, wherein the reaction steps
25 12. A process as claimed in claim 1, wherein the reaction steps

c) and d) are carried out in succession in the liquid phase
in the presence of a catalyst which is homogeneously soluble
in the reaction medium and is an aqua, amine, halo, cyano,
carbonyl, amino and/or acetylacetonato complex of an element

30 of Group VIA and/or Group VIIIA of the Periodic Table of
Elements.

13. A process as claimed in claim 1, wherein the reaction steps

c) and d) are carried out in the liquid phase in the presence

35 of a catalyst which is homogeneously soluble in the reaction
medium and is a salt or an aqua, amine, halo, cyano, amino
and/or acetylacetonato complex of an element of Group VIA
and/or VIIIA of the Periodic Table of Elements and reaction
step d) is carried out in the presence of water and

40 n-butyraldehyde is produced.

l4. A process as claimed in claim 1, wherein the reaction steps
c) and d) are carried out in succession in the liquid phase
in the presence of a catalyst homogeneously soluble in the
45 reaction medium and reaction step d) is carried out in the
presence of hydrogen and water or water and the catalyst
solution obtained after the products n-butyraldehyde and/or

* c L M S *
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40 c) and d) are carried out in succession in the liquid phase
In the presence of at |east one heterogeneous catal yst which S
arranged in a fixed bed in each case. 45 0050/ 47850

5° 21. A process_as clainmed jn clainlf wherein the reaction steps

c) and d) are cAFPFERPUUMAVR ReRSspRsAted otk i5 gaREePHEAK carrying jqut; he
presence of at FRASELIGhSRPEcEbNF®Fsdiat al yst whi ch is arranged in
from2 to 5 fixed beds in each case. 22. A process as clainmed in claim
1, W_her ein UBQ nepeodeels AsPraimed in eladmdl dwhareifs dfKé %a‘é‘ﬁohnsﬁéﬁ
liquid phase inc§ugc@sH Qe carriﬁdj%h@ginoéwégquﬁ dlél% 1@%{1?&8@? oS
catalysts in thgn the résggEV|ant:grocgss 539 es. 1 : gr ess as
claimed in claimi, Wierern The acdffief - RORF Reterogensrgy qatalysht anol .

24. A process f 8PSt dparsplehlieodnnthet yeagtdonyBediumy or 15

n- but anol, wherein an ether of the formula Il J[err] 20 where Ris a
C2- C20- al kyh6or Rapkareds gsocpaiMedlini 8laim 1, whesubntileltredclios Wsdgst ut ed
by 1 or 20( err{y Gued 'd)- arkod¥riOfed out inWMEHRERE A" PVRSH PN ikRid %ha[se .
qerr]-C er r]-agyl tid eggﬁéé]éga“?:r rlle' Q‘Eaclnjl(é/lheqregggegrou atﬁar_r?t ‘Xw? 'S
converted in th% Fées nce _of _an annﬂn? of “an AT cohdT ?, &re R
has the abovemefiflohett MENPRJICESFI-ERSDYS Of GroungFaciVddy VII2 An/OFe

acetal 1V VIIIA of the Periodic Table ofjyflements in the presence of
OR | V 3@bsence of pherer Rhdresefment\ofnenbup el neani ngs, and in
t he presasce of a honpbgeneous or heterogeneous transition netal

(k:]azj?: ézz:oball:[]'f eAV‘ﬁ'i':é‘cfés@inEEeéfa{n{éHniﬁ! Eg&ﬁht%;?g‘égﬁg&%ﬂ (r}reagéion steps
egsent ially anh?fcli?fﬁce{s o%%?t%%#lf&t cg’hgi ‘J\L/rg %)‘hc{eggé?%l b %tehélquld phase
presence of at least one heterogeneous catalyst which
contains one or more elements of Groups IA, VIA, VIIA and/or
20 VIIIA of the Periodic Table of Elements in the presence or
absence of one or more elements of Group VA and additionally

a carrier.

18. A process as claimed in claim 1, wherein the reaction steps

25 c) and d) are carried out in succession in the liquid phase
in the presence of at least one heterogeneous catalyst which
contains one or more elements of Groups IA, VIA, VIIA and/or

VIIIA of the Periodic Table of Elements in the presence or
absence of one or more elements of Group VA and additionally

30 alumina, titanium dioxide, silica, zirconium dioxide, a
silicate, a clay, a zeolite and/or active carbon as the
carrier.

19. A process as claimed in claim 1, wherein the reaction steps
35 c) and d) are carried out in succession in the liquid phase

in the presence of at least one heterogeneous catalyst which
contains palladium.

20. A process as claimed in claim 1, wherein the reaction steps
40 c) and d) are carried out in succession in the liquid phase
in the presence of at least one heterogeneous catalyst which

is arranged in a fixed bed in each case.
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formula IV, 33306953 9raldehyde and/ or n-butanol are then pr oduced

fromthis acetal IV by reacting it with hydrogen and wat er or water
in the presence of a honobgeneous or 40 het er ogeneous transition netal
catal yst which differs from dicoﬁaltoctacarbonyl or

hydri docobal 2 et & sprocdessyhs ¢lained in clain jlgquivbepeibn cheamrgachiom|sdepsl ROH
| is liberated agpiand d)4are carried out in succession in the liquid phase

in the presénce of at least one heterogeneous catalyst which

is arranged in from 2 to 5 fixed beds in each case.

22. A process as claimed in claim 1, wherein the reaction steps
c) and d) are carried out in the liquid phase in succession
using homogeneous and/or heterogeneous catalysts in the
individual process stages.
10
23. A process as claimed in claim 1, wherein the alcohol ROH I
used is n-butanol.

24. A process for the preparation of n-butyraldehyde and/or

15 n-butanol, wherein an ether of the formula II
RN OR IT
20 where R is a C3-Cyp-alkyl or alkenyl group which is

unsubstituted or substituted by 1 or 2 C;-Cjp-alkoxy or

hydroxyl groups or is Cg~-Cyig-aryl or a C;-Ci;-aralkyl group or

methyl, is converted in the presence of an amount of an

alcohol ROH I, where R has the abovementioned meanings, which
25 is sufficient to form the acetal IV

OR

A~

where R has the abovementioned meanings, and in the presence
of a homogeneous or hetercgeneous transition metal catalyst
which differs from dicobaltoctacarbonyl or

35 hydridocobalttetracarbonyl, in the liquid phase and under
essentially anhydrous conditions, to give the acetal of the
formula IV, and n-butyraldehyde and/or n-butanol are then
produced from this acetal IV by reacting it with hydrogen and
water or water in the presence of a homogeneous or

40 heterogeneous transition metal catalyst which differs from
dicobaltoctacarbonyl or hydridocobalttetracarbonyl, in the
ligquid phase, and the alcohol ROH I is liberated again.

IV
30 OR
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