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Primary monohydric alcohols having 8 to 10 carbon atoms,
esterified with phthalic acid, are used to a great extent
as plasticizers, in particular for poly(vinyl chloride).
Alcchols having shorter carbon chains give plasticizers

. 10 having a good gelling power, but a disadvantage is their
higher volatility. Longer-chain alcohols, ae phthalic
esters, lead to plasticizers which gel elowly and have
poorer cold stability.

The properties of the phthalic ester plasticizers are

15 determined not only by the length but also by the branch-
ing of the carbon chain in the alcohol molecule. Alcohols
having 2 low degree of branching give ester plasticizers
which are highly prized because of their high cold
flexibility. Substantially linear alcohols having 8 to 10

20 carbon atoms in the molecule are therefore gaining
increasing importance as alcchol component. A precendi-
tion for their use is that they are available in large
amounts and inexpensively. Currently, 2-ethylhexanol is
the most important alcohol component for phthalic esters.

25 However, endeavors are being made to find further raw
materials as a base for the preparation of alcochols
having the properties mentioned.

According to DE=C-2 855 421, phthalatee of ¢, alcohole
are used as plasticizers which are obtained by oxo-
30 reaction of C, olefins, hydrogenation of the reactien
'product and esterification of the alcohols with phthalic
anhydride.' Certain demands are made of the starting
olefins. They should comprise 3 to 20 & by weight of
compounds having an iscbutane skeleton and less than 3 &
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anhydr i de Certain demands are made of the starting
Phthalic esters based on C,, alcohols are subject-matter

of European Patent Application 03 66 089. The C,;, alcohols

fins,
ol s

are used in the form of a mixture which is obtained by

hydroformylation of a butene fraction, aldol condensation
of the resulting aldehyde mixture and subsequent hydro-
genation.

Another way to cobtain didecyl phthalate mixtures is
described in European Patent Application 04 24 767. The
esters are prepared by a multiple-stage process by
dimerization of butene mixﬁures, hydroformylation and
hydrogenation of the resulting octene mixture to give a
nonancl mixture, dehydration of the nonanol mixture
forming a nonene mixture and hydroformylation and
hydrogenation of the nonene mixture to give a mixture of
decanols.

The known processes still do not fulfill all requirements
made from the economic and technical aspect of a process
carried out on the industrial scale, whether it be that
the starting materials are not available in sufficient
quantity and/or are not available jinexpenzively or that
the conversion of the starting material into the alcohols
ie connected with processes which are too complex.

The object was therefore to develop a2 process which,
starting from inexpensive raw materials, opens up a
technically simple approach to the desired alcohols and,
if required, further valuable materials.

The invention coneists in a process for the hydroformyla-

tion of 1,3-butadiene at temperatures of 60 to 150°C and

pressures of 1 to 20 MPa in the prasenca of an aqueous
This Sheet Has Been Replaced
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al dol condensati on the resulting al dehyde m xture and b B
"5 8.0 to 11.0. g y subsequent hydro

The starting olefin 1,3-butadiene inevitably occurs-in
considerable quantities in the preparation of ethylene by
thermal cracking of light petroleum and higher hydro~
carbons. It is isolated from the C, cracking cuts of the
10 pyrolysis product, e.g. by liquid-liguid extraction with
a selective solvent such ae acetonitrile, dimethyl-

~ formamide or n-methylpyrrolidone. In addition to this, it
is easily accessible by dehydrogenation of butane or
butene.

15 For the hydroformylatien, 1,3-butadiene is used in the
currently commercial form, i.e. in a purity of at least
99.5 % by weight. The hydroformylation of the conjugated
diolefin has already been performed several times. It
proceeds both under the influence of cobalt catalysts and

20 rhodium catalysts. The cobalt-catalyzed reaction is
described e.g. by Adkins and Williams (J. Org. Chem. 17,
980 (1952)). It leads in moderate yield to a mixture of )
n- and i-valeraldehyde in a molar ratio of 1 : 1.

More favorable aldehyde yields are achieved in the

25 hydroformylation of 1,3-butadiene in the presence of
rhodium catalysts. Complex compounds of rhodium with a
multidentate ligand which contains trivalent phosphorus
atoms have proved useful. A process based on ‘such
catalysts is described, e.g., in EP-B-33 554.

30 In the context of the present invention, the hydro-
formylation of the 1,3-butadiene is carried out in a
heterogeneous two-phase system. The principles of this
process are described, e.g., in DE-C-26 27 354. The
process is characterized by the introduction of an

35 organic phase, which contains the starting olefin and the
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genation. Another way to obtain didecyl phthalate mixtures is described in
European Patent Application 04 24 767. The 15 esters are prepared by a
mul t.i pl e- st age process by, dinerization.of butene m xtures, hydrofornylation
and hydrogenation of the resulting octene m xture to give a nonanol
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[ nexpen5|§/el
al cohol s tr:.arylphosphines, tri(alkyl,aryl)phosphines and

alkylenediphosphines and aryldiphosphines which contain
at least one organic radical substituted by a sulfonic
acid group or a carboxyl group. Their preparation is
10 known, cf. e.g. DE=C~-26 27 354 and DD-A-259 194.
Compounds which are particularly suitable are triphenyl-
phosphine mono=-, triphenylphosphine di- and triphenyl-
~. phosphine trisulfonates which can be used as individual
‘ compounds or as a -mixture of 2 or 3 sulfonate components.
15 Surprisingly, in accordance with the new procedure, by
maintaining a pB of 8.0 to 1ll.0 in the aqueous phase
during the reaction, the selectivity of the reaction with
respect to formation of C, aldehydes and secondary pro-
ducts of the C; aldehydes is successfully markedly
20 increased. The secondary products of the C; aldehydes
which occur in the course of the hydroformylation
include, a& intermolecular condensation products,
unsaturated C,, aldehydes which can be hydrogenated to
form 2-propylheptanol. A further secondary product is the
25 intramolecular condensation product of 1,6-hexanedial
~ which, after elimination of water and addition of
hydrogen, gives cyclopentanecarbaldehyde and, after
hydrogenation, cyclopentanemethanol, a valuable inter~
. mediate for organic syntheses. It has proved to be
30 particularly useful to work at pHs in the range from 8.5
to 9.5.

. The pHs which are a feature of the process according to
the invention relate toc the agueous phase during the
reaction, that is essentially to the solution of the

35 catalyst comprising rhodium and water-soluble organic
phosphine. The pH is determined in a known manner, e.g.

with the aid of a hydrogen electrode. This Shest Has Been RTi}ace q
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aqueous sol utl
5 tion ammonia or amines. If the alkalinity of the
solution exceeds the pH range to be maintained, inorganic
acide, such as phosphoric acid or sulfurie acid, acid
salts of polyvalent inorganic acids such as alkali metal
hydrogen sulfate or wuter-soluble.organic acids, e.g.
10 formic acid, acetic acid, propionic acid, are added to
the solution until the desired pH is achieved. It has
_ also proved to be useful to use buffer solutions which
o~ permit a precise adjustment of the pB range and ensure
' | its constancy over long reaction periocds. Depending on
15 the pHs required, suitable buffer mixtures are, e.g.,
borax-HCl, borax-NaOH, NaHCO,~NaOH, H,BO,/KCl-NaOH.

The activity of the catalyst present in the alkaline
solution ie not impaired, although, in the opinion of
those ekilled in the art, the presence of rhodiumhydrido~ -

20 carbonyls is decisive for the catalytic activity. Nor
does the pH have any effect on the rate and extent of the
reaction of butadiene. The total amount of resulting C;
and C,; aldehydes remain=s about the same.

~ Only the ratio of primary product, C; aldehydes, and
25  secondary product, C,, aldehydes, is shifted in favor of
the C;, aldehydes with increasing pH. However, when
catalyst solutions having a pH of 1l and above are used,
the formation of the secondary product markedly
decreases.

30 The catalyst solution can be added preformed to the
reaction system. However, with equally good results, it
can also be prepared in the reaction mixture under
reaction condltions from rhodium or at least one rhodium
compound and the aqueous solution of at least one water-

35 soluble organic phosphine. In addition to metallic
rhodium in finely divided form, the rhodium source used
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The rhodium concentration in the agueous catalyst solu-
tion is 20 to 2,000 ppm by weight, preferably 50 to
700 ppm by weight, based on the agueous catalyst
golution.

Per mole of rhodium, 4 to 100 mol of phosphorue are used
in the form of water-soluble phosphines. Phosphine/
rhodium ratios above 15 : 1 repress the formation of
branched primary product and favor the production of
dialdehyde. The phosphine/rhodium ratio aleo has an
influence on the formation of C,, aldshydes. Below a molax
ratio P : Rh = 30 : 1, the aldol condensation products
are only formed to a slight extent. The total amount of
unbranched monocaldehyde and its intermolecular aldol
condensation product is scarcely influenced by the P/Rh
ratio.

The hydroformylation .of the 1,3-butadiene proceeds at
temperatures between 60 and 150°C, preferably 90 and
120°C. Bigher temperatures within the said range favor
the formation of dialdehyde. Above - about 120°C, the
formation of Cg; aldehydes and their intermolecular aldoel
condensation products decreases.

The hydroformylation of 1,3-butadiene is preferably
carried out at pressures of 1 to 10 MPa. Lower pressure
within the said ranges preferentially leads to the forma-
tion of C; aldehydes, but impairs the conversion rate.
Pressures above 10 MPa promote the aldel condensation.

The conversion of butadiene per unit of time and the
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déscribed e.g. by Adkins and Wlliams (J. Og. 52)) at
«|leads in noderate yield to a mxture of n- and 1 in a nolar
ratio of 1 : 1. Mre favorable al dehydg yields a the 25

-hydrofornylation of 1, 3-butadiene in the presence of rhodlun1catalysts

Conpl ex co gg sgimo oQaynEévsﬁdghgahglqﬁpt?gfml anclagh Qas0l3lei NS

- trival ent p rus a usefu ¢ o ased gn such
“catal ysts | signddirsaglye. gncrmseqb dB3a5sphasg txap cHRAFRR D! t he

prtesent ' Rvie%bm&altﬂaeﬂ)yqrsoamoatﬂw _Iglfuddilﬁ hn:dmmf icatmlystcarri ed
out in a heterogeneous {wo.phase te n t ocess are
descri bed, on;., o %1? %}X 8@' gg?gggﬁﬁé)%ct&#l zeg by the

i ntrodugt i Olirm‘er&acﬁ'i bed:wgem thphm lwmbd: phases and Hfiacildates ol efin
and the the transfer of the organic reactants into the agueous

catalyst phase.

Compounds are Xknown as golubilizers, the hydrophilic

groups of which are ionie (anionic or cationic) or

10 nonionic. The anionic compounds include sodium salts,

potassium salts or ammonium salts of carboxylic acids

~ having 8 to 20 carbon atoms, in particular of saturated

. fatty acids having 12 to 18 carbon atoms, in addition

alkyl sulfates, alkylbenzenesulfonates and alkylbenzene-

15 phosphates. Examples of cationic solubilizers are tetra-

alkylammonium and N-alkylpyridinium salts. The nonionic

phase transfer reagents cannot dissociate into ions in

aqueous solution. These include alkyl polyethylane

glycols, alkylphenyl polyethylene glycols, alkyloclamides

20 of fatty acids and trialkylamine oxides. Finally,

ampholytes such as aminocarboxylic acids, betaines and
sulfobetaines are also used as solubilizers.

In particular, cationic solubilizers of the formula

~ [A-N(R'R°R®) ]*E- have proved useful, in which A is a

25 straight-chain or branched alkyl radical having 6 to 25

carbon atoms, R}, R?, R® are identical or different and

are straight-chain or branched alkyl radicals having 1 to

5 carbon atoms and E is an anion, in particular sulfate,

tetrafluoroborate, acetate, methosulfate, benzene-

30 gsulfonate, alkylbenzenesulfonate, toluenesulfonate,
lactate or citrate.

The reaction mixture arising in the hydroformylation is
separated from the catalyst by simple phase separation.
The aqueous catalyst solution can, if reguired after
35 regeneration and adjustment of the rhodium and/or
phosphine concentration, be rsused. The organic'phase ie
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-2- reaction product, and an aqueous phase, in \U‘]mﬂm ﬁﬁiﬁ%‘% i s

»disssol'ved. Catal ysts which are used are water-sol onpl ex

corngpounds with water- sol uble, organi e ghesphi nes

wat er -sol uble 5 phosphi nes include, in particular, trialkyl phosphines,

t r:j aryl Fg?s;ﬁgg_velaﬁgsb\%th Ia;;ﬁa;g.g.%thaﬁ.ph) ﬁmmgonsuhdeathyghdsm Bx&s phi nesd

by a sul f oni Se881 cat A5 Tor 68 AbEHEds &?‘?&p%@?ﬁ“” PO enydey e

known, cf . fcagtxoﬁEeﬁan&hy@toqeaﬂGedDﬂi&ess YlM foxmp QrPFOPMich are

G I RBASRARAR ] LAyl cond pes iy soigsat e
5 le as a mixture. The reac'l::.cn proceeds in a conven

t:.onal manner under the influence of basic catalysts.

Catalysts which are used are alkali metal carbonates or

alkali mpetal hydroxides, in particular compounds: of

godium or of potassium and amines, preferably tertiary

10 amines, such ae triethylamine, tri-n-propylamine, tri-n-
butylamine. Temperatures of 60 to 160°C, in particular 80
to 130°C, and atmospheric pressure or elevated pressure

~ up to about 1 MPa are employed. The reaction time is a
few minutes up to several hours and is dependent, in

15 particular, on catalyst type and reaction temperature.
Because of their relatively high reaction rate, n-C;
aldehydes, especially, dimerize with themselves or with
isomeric C, aldehydes to give C,, aldehydes; in contrast,
condensation of the branched C; aldehydes among them-

20 selves proceeds completely in +the background. The
isomeric C,, aldehydes are hydrogenated to give the
corresponding saturated alecohols. Hydrogenation catalysts
‘which are suitable for thie reaction are those based on

. nickel, chromium or copper. Conventionally, the hydroge-

25 nation temperature is betwseen 100 and 180°C and the

~ pressure is between 1 and 10 MPa. The mixture of isomeric
C;, alcohols is distilled to purify it. Independently of

their origin, directly from the hydroformylation stage or

from the aldol condensation of the C;, aldehydes, they are

30 very highly suitable as alcohol component in phthalic
esters which are used as plasticizers. The preparation of
phthalic esters is known [cf. Ullmann, Encyclopiidie der
Technischen Chemie [Encyclopaedia of Industrial Chem-
istry}] (1979), Vol. 18, page 536 ££.]. Phthallec anhydride

35 is expediently reacted with the decyl alcohol mixture in
a single stage in a molar ratio 1 : 2. The reaction rate
.can be increased by catalysts and/or by increasing the
reaction temperature. In order to shift the equ;l:.hrium
in the d;rectmn of ester formation it is necessary to

]
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conpounds or as a mxture of 2 or 3 sulfonate conponents. 15

»Surprisingly, in accordance with the new procedure, by nmintaining a pH of

8.Qto 11.0 in the aqueous phase duringgthe reaction, the selectivity of
the reaction with respect to formation of [err] al dehydes and secondary
pro- ducts ofemdie [Efénm thé abeatasion mixtmerssithd waterkEdrmedd i ncreased.
The secondary products of the [err] al dehydes which occur in the course of
the hydrofornylation include, as internolecular condensation products,

unsat ur at ed The rfoklosing cexanples describe fhegdnyeaties, bk it is
2- propyl bept gae| redtfLELEE 6 AW dBoAnMlitE desddi®edy i ntranol ecul ar

~condensation product of 1,6-hexanedial which, after elimnation of water

and addition of hydrogen, gives cyclopentanecarbal dehyde and, after
hydr ogenat i onhe Cyroeedutentsratdmniadd outydnuallle examplesniddi the sameor ganic

synt heseg ' Iﬁaﬂggrpr%%tg bf25 m1 stainless steel autoclave are
introduced, in an argon atmosphere, 40 g of an aqueocus

catalyst solution which contains 16.4 mg of rhodium (in

the form of rhodium 2-ethylhexanoate or rhodium sulfate

equivalent to 410 ppm of Rh) and variable amounts of

10  tris(m-sulfonatophenyl)phosphine trisodium salt and the

fi pE thereof, if not stated otherwise, is adjusted by

respective addition of sodium carbonate or sulfuric acid.
The catalyst solution is treated at 110°C and 10 MPa for
90 min with éynthesis gas (volume ratio CO/H, = 1 : 1).
15 20 g of 1,3-butadiens are added in each case to the
preformed catalyst, the desired reaction pressure is
adjusted using synthesis gas and the mixture is allowed
to react for 12 h. After completion of the reaction,
catalyst and product phase are separated. The catalyst
20 phase is extracted three times, each time with 15 ml of
' ether. Product phase and ether extract are combined,
dried by sodium sulfate and hydrogenated at 140°C and
20 MPa for 12 h in the presence of a Pt-activated

~ charcoal catalyat (10 & by weight of Pt). The hydrogena-

25 tion product is analyzed by gas chromatography.

In the examples, the following abbreviations are used:

n-pentancl n-pP
2-methylbutanol 2-MB
cyclopentanemethanol CPM This Sheet Has Been Replaced
3 e [T
Example 1 o

Reaction conditions: 120°C; 20 MPa; agqueous/organic phase
(by vol.) = 2 : 1; CO/B, (by vol.) = 1 : 1; pH of the
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30 particularly useful to work at pHs in the range from8.5 to 9. 5 the
Hls which are a feature of the process according to the invention rélate to

-t he .aqueous phase during the reaction, s esgf sol ution
- of the 35 catal yst conpri sing rhodi unié]\nd wat er - ﬁbE AT ﬂ&d

phosphi ne. rLmgned in a known manner, ald of a
hydr ogen eIe%ﬁngg ng%%éngﬂ I s adj usted by addltl agents to
the conventionally weakly al kaline to weakly acidic catalyst solutlon

Conmpounds whf | kal i
“metal car bonEXRETimARY | n"B‘“‘ add®T® on afifBhi a o‘?’"am ned® | {(HE*EFkalinity
of the, in (s by (& by (% by (s by (3 by
1--). weight) weight) weight) weight) weight)
171 15:1 4s 4 7 o 54
1/2 30:1 48 5 9 10 58
5 1/3 40:1 48 4 8 13 6L
1/4 60:1 38 4 k 20 58
1/5 80:1 42 3 8 18 60
| Example 2
.~ :
Reaction conditionss 120°C; 20 MPa; P/Rh (in moles) =
10 60 : 1; aqueous/organic phase (by vol.} = 2 : 1l; CO/H,
(by vol.) =1 ¢
Experiment pa. n-p 2-MB QPM PH {r=-P+PH)
| (¢by (2by (sby (8by (% Dby
weight) weight) weight) weight) weight)
2/1 3 61 4 s 7 68
2/2 7 47 3 9 s 55
15 2/3 9 a6 3 8 - 23 60
2/4 11 55 4 8 11 66
~
Exanple 3

Reaction conditions: 20 MPa; P/Rh (in'.'moles) = 60 3 1;
agueons/organic phase (by vol.) = 2 : 1; CO/H, (by vol.)
20 =1 : 1l; pH of the aqueous phase: 9.

Experiment Tempera- n-p

2-MB CPM PH {n=P+PH)
ture (¢ by (: by (s by (& by {® by
(°C) waight) weight) weight) weight) weight)
a1 100 31 2 5 - 21 58
a/2 1290 36 3 8 23 59
3/3 140 25 -3 8 7 36
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sol utign exceeds the pH range to be nmintained, inorganic acids, such an

phosphoric acid or sulfuric acid, acid salts of pol yval ent |norganic aci ds

such as al kali netal hydrogen sul fate og vvater-s%&@egﬁagggﬁﬁ c@iCi ds, e.g.
10 formic acid, acetic acid, propioniC acid, ar e soI ution
until the de%{rﬁ&vﬁé}n achi eved. It has al so pro to use
buffer sol uti permt a precise adjustnent? ge and
ensure its constancy over |long reaction periods. Dependl ng on 15 the pHs

requi red, Swﬂeﬂaﬁ.dwféeﬁdﬂx&ﬁuesmuec ; ©BYRh bimmbiChs) bar 90 Na@} [err]
[err] The activit cy the.cata+% resentl E t he, al ka |ne O|¥tl n is not

i npai red, al B%R é% PrEARis, Rhase of(B¥ho¥elski A e i'n t %resence
of rhodi ushydlqm&(phas@ir Benyl s is decisive for the cat alytic activity.
Nor does the pH have any effect on the rate and extent of the

5 Experiment Pressure n-p 2-MB CPM PH {n~P+PH)
(MPa) (% by (3 by (% by (% by (% by
weight) waeight) wedght) weight) weight)

4/1 4.0 57 2 12 8 65

4/2 6.0 67 4 10 - 106 77

4/3 8.0 55 3 9 i3 68

f" 4/4 12,9 49 4 8 18 67
- 10 4/5 16.0 28 2 & 23 Bl
4/6 20.0 36 3 - B 23 1]

477 26.0 52 3 g 15 &7

Example 5

Reaction conditions: 100°C; 5.5 MPa; P/Rh (in moles) =
15 60 : 1; aguecus/organic phase (by vol.) = 2 : 1; CO/H,
(by vol.}) = 1 3 1.

Experiment pE nep 2-MB cPM PH (R-P+PR)

_~ - (*by (3by (sby (xby (s Dby
waight) welght) weight)} waight) welght)

5/1 ] 33 2 . 4 25 58

5/2 L 28 2 ¢ . 32 58

20 5/3 11 43 2 1 19 &8

574 11 53 2 1 22 75

The results of these experiments show that the selec~
tivity of the reaction for the aldolization product
2-propylheptenal is satisfactorily high even at pressures

25 around 5 MPa. The selectivity for the aldol condensation
product decreases on transferring from the weakly
alkaline to the more etrongly alkaline region.

Received Time 22 Feb. 18:55 Print Time 22, Feb, 19:09



» .. ©¢ccFEB’96 12:12 HOECHST AG WERK RUHRCHEMIE FvB

reaction of butadiene. The total anopunt of resulting C, and [err] aldehydes

#remai ns about the sane. Only the ratio of primary product, Cs al dehydes,
and. 25 secondary product, [err] al del@des, is shifted in favor of the
[err] al dehydes with increasing pH However, when catal yst sol utions having
a pH of 11 cExamppecéare used, the formation of the secondary product
mar kedl y decreases. 30 The catal yst solution can be added preforned to
the reaction system However, with equally good results, it can also be

prepared i n Reactiont conditiense &ﬁaé€3r§a5tﬂaﬁrcéhﬂﬂt s mokes) hedi um or
at | east onegg hDd},“”hgﬁEBﬁH?Qrgﬂﬂzé hghgggqu§ YL @n of ag_ | eR5m,0ne

wat er - 35 sol ub rgani c addifion t all'ic_ rhodi um
in finely d|0hﬂéﬂ°1o)ﬂf thé Fﬁo&ﬁuﬁ#sﬁ cEqE§QBs phase: (ad3“5t ed
5 in Experiments 6/2 to 6/4 with the aid of an H,BO,/KCl=-

NaOH buffer); DTAB: dodecyltrimethflammonium bromide.

Expe- surfa- Buffer n-p 2-MB CEM PH {n-P+PR)
riment eotant (& by (¢ by (¢ by (% by (¢ by
weight) weight) weight) weight) weight)
6/1 DTAR - 24 2 8 20 44
~ 10 6/2 - + a7 2 4 19 46
6/3 - + 32 2 5 18 50
674 DTAR + 22 3 7 29 Bl

The results show that the selectivity of the reaction
with respect to formation of linear C; aldehyde and its

15 aldol condenzation secondary product decreases if the
procedure is carried out with the addition of surfactant
or buffer mixtures,

The experiments below show the increases of the
conversion/unit of time when a surfactant is added to the
20 catalyst solution

o~
Reaction Pressure drop / MPa
time/h without -with addition of
surfactant surfactant

1 0.7 o 2.0

2 1.3 3.1

25 4 2.8 4.9

a 4.3 : 6.0

12 5.1 ' 6.3

This Sheet Has Been Re(Iaced
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"can be water-sol uble rhodium salts such as rhodi um chlori de, r hodi um
*sul fate, rhodium acetate or, alternatively, conpounds whi.ch are

sparingly soluble in water or wat er -+ns3lubl e such as rhodi um

2-et hyl hexanoate 5 _ or rhodium oxides. Not only rhodi um and rhodi um
conpounds b&XaRDE M‘cw~4~drole phosphi nes can be used as pure
subst ances or as n1xtures of two or nDre conmponents. The rhodi um

concentration.in the a ue us catal ti,0 0,to 2,0Q0 mb
wei ght, pr effds §OBBAFR ﬁ?“ hﬁh I % <hé£ *ﬁ? aqueous
cat al yst sobohpd.t&tﬂgr dﬁﬂﬁmz&hﬂllyodrm 14 3~butdisne dn mhesﬂiyﬂnm- are used

@n the f Of%ﬁfa@-b 0! Walda PN N RSha1BIRHRN WedzRidy MeiAt it abOVE 15

1 repres or ma
5 invention. The hydrogenated reaction product chiefly

comprises n-pentanol and only contains 2-propylheptancl
in very minor amounts.

Reaction conditions: 100°C; 5.5 MPa; P/Rh (in moles) =
60 : 1; aqueous/organic phase (by wvol.) = 2 : 1; CO/H,
10 (by vol.) =1 ¢ 1; pE of the aqueocus phase: 9.

~
Experiment n-p 2-MB PH
(2 by weight) (% by weight) (% by weight)
7/1 : 91 4 1
7/2 93 ' 4 0.4
~
This Sheet Has Been Rep
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'15 branched. prlnary product and favor the production of dial dehyde. The
phosphi ne/ rhodi umratio al so has an influence on the formation of [err]

al dehydesu m) I}Lﬂ atio P: Ra ;30 : 1, thgisghdolas®ends §@g| on
products l m I";lmﬂumo a sli ght extent. The tot

unbr anched” nohodl déhyde &nd its i mitsgioicdadmar al dol; @l ! pr oduct
Is scarcely influenced by the P/Rh rati o. The hydrof t he

1, 3- but adi ene proceeds at tenperatures between 60 and 1500 preferably 90
and 25 [edn]). B precesenforathechbydroformylaticn ®f dndrbubask

for mati on of di aldelydee abGyEsaPP b0 ey rsceeeahll gRbRRETE dim]toal dehydes

and their interndlecd condensat;oérjﬂ oduc decri gi The

hydr of or nyl at i on 28 MPa3-i5ut bhe c RESEENERe yag@eous . eplufion, ag

pressurgs of 1 teatRlVet whiN dunthdimee at least one water-soluble
rhodium compound and at least one water-soluble
organic phoephine, which comprises reacting ‘the
butadiene at a pH in the aqueous solution of 8.0 to

11.0.

10 2.) The process as claimed in claim 1, wherein the pH in
~ the agueous solution is 8.5 to 9.5,

3.) The process as claimed in claim 1 or 2, wherein the
pH is adjusted with the aid of a buffer mixture.

4.) The process as claimed in one or more of claime 1 to
15 3, wherein the reaction proceeds at temperatures of
90 to 120°C. '

5.) The process as claimed in one or more of claims 1 to
4, wherein the reaction is carried out at pressures
of 1 to 10 MPa. '

~ 20 6.) The process as claimed in one or more of claims 1 to
5, wherein the rhodium concentration in the aqueous
catalyst solution is 20 to 2000 ppm by weight,
preferably 50 to 700 ppm by weight, based on the
aqueous catalyst solution. '

25 7.) The process as claimed in one or more of claims 1 to
6, wherein, per mole of rhodium, 4 to 100 mol of
phosphorus, preferably 10 to 60 mol of phosphorus,
are present in the agueous solutions.

8.) The process as cliimed in one or more of claims 1 to

30 7, wherein the water-soluble phoiphines_ used are
triarylphosphines, trialkylphosphines, tri(alkyl-

Received Time 22. Feb, 18:55 Print Time 22, Feb, 19:09
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W|th|n the said ranges preferentially |leads to the forma- tion of [err]
palﬂdehydes but inpairs the conversion rate. Pressures above 10 MPa pronote
the ‘al dol condensation. The conversi anjgf Jbut adi ene per unit of time and

“the - -7- condensation of [err] aldehydes to form[err] aldehydes is

significantly incaegd aipmﬁwﬁalkyaaﬁéuphe ﬂﬁeéwﬂfm dfghoses added

to the aqueous al the I cal

propert i es of thegﬁ"' Qfé@#ﬁzﬁi@ni tfj\ejé%g?% éﬁé ﬁ%‘g‘is IERe
facilitates the temnatcleast (one warhaxyl Mts into the aqueous cat al yst
phase. Conpounds are known as sol ubilizers, the hydrophilic

8.) The process as claimed in one or more of claims 1 to

5 8, wherein the agueous solution contains a
solubilizer.

—_—

—_—
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groups, of which are ionic (anionic or cationic) or 10 noni oni c. The

“arfi oni ¢ conpounds include sodiumsalts, potassiumsalts or amonium salts
of carboxylic acids having 8 to 20 carbon atons, in particular of saturated
fatty acids having 12 to 18 carbon atons, in addition al kyl sulfates,

al kyl benzenesul f onates and al kyl benzene- ha | es of
cationic solubilizers are tetra- alkylannDEFﬁﬂﬁg 8 é?kg? I nium sal ts.
The noni oni ¢ phase transfer reagents cannoPaAlyscht+sé: | rHoe93/¥010 aqueous
solution. These include alkyl polyethylene glycols, alkylphenyl

pol yet hyl ene glycols, alkylolam des 20 of fatty acids and

trial kylamne oxides. Finally, anpholytes such as anlnocarboxyllc aci ds,
bet ai nes and HYdciet Arcerfesalllxthatt] B5659R6bFrankfart! & i cul ar,
cationic solubilTizers of the formula 25  straight- chaln or -ranc ed al kyl
radi cal having 6 to 25 :

- Abstract of the disclosure

1,3~Butadiene is hydroformylated at 60 to 150°C and 1 to

~ 20 MPa in the presence of an aquemis solution which
containg, as catalyst, at least one water-soluble rhodium
compound and at least one water-soluble organic
phosphine. A pH of 8 to 11 is maintained in the aqueous
catalyst solution to increase the selectivity of the
reaction with respect to the formation of n=C; aldehydes
and secondary products of the n-C; aldehydes.

eet Has Been Replaced

~ [

Received Time_ 22, Feb, 18:55 Print Time 22, Feb, 19:10



"H.UI!— .S IJ' 4

REPL. ACENEE]\T

carbon atons, [err] are identical or differe s@fion! ﬁal n>or

branched al kyl radicals having 1 to 5 carbon atgg,;a fRged §

particular sulfate, tetrafluoroborate, acetfabe pyrguitl (t ogﬁ%;t*em PRz Bne/
rawing(s

30: sulfonate, al kyl benzenesul f onat e, tql wé E§H3
citrate. The reaction mxture arising in thejhydroto o
fromthe catal yst by sinple phase sepatation)] !heha
can, if required after 35 regeneratlon 19314
and/ or phosphi neg
by distillation 1
processed. The [err] aldehyde

The invention relates to a process for the hydro-
formylation of 1,3=butadiene with the aim of obtaining

precursors of 2-propylheptanol and other wvaluable
S products.

aPEEed) actoapegcr....
| aP3854 - f’s“’sﬁ%ﬁﬁa’t‘ed

Primary monohydric alccholes having 8 to 10 carbon atoms,
esterified with phthalic acid, arxe used to a great extent
as plasticizers, in particular for poly(vinyl chloxide).
Alcohols having shorter carbon chains give plasticizers

10 having a good gelling power, but a disadvantage is their
higher wvolatility. Longer-chain alcohols, ae phthalic
esters, lead to plasticizeres which gel slowly and have
poorer cold stability.

The properties of the phthalic ester plasticizers are

15 determined not only by the length but also by the branch-
ing of the carbon chain in the alcohol molecule. Alcohols
having a low degree of branching give ester plasticizers
which are highly prized because of their high cold
flexibility. Substantially linear alcohols having 8 to 10

20 carbon atoms in the molecule are therefore gaining
increasing importance as alcohol component. A precondi-
tion for their use is that they are available in laxge
amountes and inexpensively. Currently, 2~-ethylhexanol is

- the most important alcohol component for phthalic esters.

25 However, endeavors are being made to find furthei raw

materiale as & base for the preparation of alcchols
having the properties mentioned.

According to DE-C-2 855 421, phthalates of C; alcohols
are used as plasticizers which are obtained by oxo-
30 reaction of C, olefins, hydrogenation of the reaction
product and esterification of the alecochols with phthalic
anhydride. Certain demands are made of the starting
olefins. They should comprise 3 to 20 % by weight of
compounde having an isobutane skeleton and less than 3 &



fraction can be hydrogenated directly to form 2-pro BEPLAGBMM SHEE]! [err]

al dehydes ar
proceeds in

Cat al ysts whi

hydr oxi des,

preferably tertiary 10 am nes, such_as triethylanine,
tri-n- butylam ne. Tenperatures of 6020 [err] in particila

o€ spmppunds chiaPiRg sy rquakernaryh Sarben\pkoR,
ad iYL 6Ft CheUkdtAlS AMRhAIt NefIr ghand i s

-and at nosphefiyc _
enpl oyed. Thw:@acthm pome by

dependent s, |

e preferably converted to 5 al dol asjalm xtU

a conven- tional nmanner under the influgeng 30(?
ich are used are alkali netal carbonatep pr al ka i_

I n particular conpounds of sodiumor of] p

tri-

Because of th Pe aH:o@ﬂlar ehﬁf éﬂ__yst t*&gcﬁg?ﬁeg%léﬁ%gg erature.

cspecial Ly, (eghenss N I R AN wedghtarashpdes to

give [errg al

10

15

20

25

30

3s

Sif S Tt - Qidunt! of n~octenes and monomethylheptenes
to dimethylhexenes should be greater than 0.8.

Phthallc esters based on C,, alcohole are subject-matter
of European Patent Application 03 66 089. The C,, alcohols
are used in the form of a mixture which is obtained by
hydroformylation of a hutene fraction, aldol condensation

of the resulting aldehyde mixture and subsequent hydro-
genation.

Another way to obtain didecyl phthalate mixtures is
described in European Patent Application 04 24 767. The
esters are prepared by a multiple-gtage process by
dimerization of butene mixtures, hydroformylation and
hydrogenation of the resulting octene mixture to give a
nonanol. mixture, dehydration of the nonanocl mixture
forming a nonene mixture and hydroformylation and

hydrogenation of the nonene mixture to give a mixture of
decanols.

The known processes still do not fulfill all requirements
made from the economic and technical aspect of a process
carried out on the industrial scale, whether it be that
the starting materials are not availshle in sufficient
quantity and/or are not available inexpensively or that
the conversion of the starting material into the alcohols
is connected with processes which are too complex.

The object was therefore to develop  a procees which,
starting £rom inexpensive raw materials, opens up a

technically simple approach to the desired alcohols and,
if required, further valuable materials.

The invention consiste in a procese for the hydroformyla-
tion of 1,3~butadiene at temperatures of 60 to 150°C and

pressures of 1 to 20 MPa in the presence of an aqueous



condensation of the branched [err] al dehydes anong thaIr{rEPLACEMgICyASeHEET
proceeds conpletely in the background. The isongefi @r]. al dehy|dgs
are hydrogenated to give the correspondi ng saturated fplfo das g7
Hydrogenati on catal ysts which are suitable for this rlkaciion are thode
based on nickel, chrom um or copper. Qonyentionally, fhe hydroge- 25
nation tenperature is between 100 and [err] and the presst+e—+s—bBetwesd 1

and 10dIVPa. dTbemtiséures adatiaElyBt,i ergl.[iehr hqabeabokemtsick; sdo%ﬂﬁaﬁdmt atpurify
it. I ndepende o) ' rJ.ql ' . jon stage
or from Ito he a %i%#' c%?\%g;{;is%ﬁ(lgl no‘ig;?: 1F h}éﬁf‘ggﬁ %c{%\{/ﬁﬁg ,mit ég Pém © )

y are very
hi ghly suit abWates-gptebbe esesBienPhrgphinmal Thee ARACeSHH QIPREIEaed an
pl asticizers. rdfethgretiéibutiadiienehalBakhi pi eixi dhe aguksaensdnitidd lowmnn,
Encycl opl di e Ge§/ Tgcggi achen Chem e [ Encycl opaedi a of Industrial Chem
istry) (1979),° oF. T page 536 ff.]. Phthalic anhydride

The starting olefin 1,3-butadiene inevitably occurs-in
considerable quantities in the preparation of ethylene by
thermal cracking of light petroleum and higher hydro-~-
carbons. It is isoclated from the C, cracking cuts of the
10 pyrolysis product, e.g. by ligquid-liquid extraction with
a selective solvent such as acetonitrile, dimethyl-
formamide or n-methylpyrrolidone. In addition to this, it

is easily accessible by dehydrogenation of butane or
butene. -

15 For the hydroformylation, 1,3-butadiene is used in the
currently commercial form, i.e. in a purity of at least
99.5 % by weight. The hydroformylation of the conjugated
diolefin has already been pexformed several times. It
praoceeds both under the influence of cocbalt catalyets and

20 rhodium catalysts. The cobalt-catalyzed reaction is
described e.g. by Adkins and Williams (J. Org. Chem. 17,
980 (1952)). It leads in moderate yield to a mixture of
n- and i-valeraldehyde in a molar ratio of 1 : 1.

More favorable aldehyde yields are achieved in the
25 hydroformylation of 1,3-butadiene in the preeence of
. Thodium catalysts. Complex compounds of rhodium with a
multidentate ligand which contains trivalent phosphorus
atoms have proved useful. A process based on such
. catalysts is described, e.g., in EP-B~-33 554.

30 In the context of the present invention, the hydro-
. formylation of the 1,3-butadiene is carried out in a
heterxogenecousg two-phase system. The principles of this
process are described, e.g., in DE-C-26 27 354. The
process ieg characterized by the introduction of an

35 organic phase, which contains the starting olefin and the



35 is expediently reacted with the deoyl al cohol m xt
in anolar ratio 1 2. The reaction rate can be incre
and/or by increasing the reaction tenperature. |In ordg
equtlibriumin the direction of ester formation it is
renmove fromthe reaction mxture the wafer fo The foll
describe the invention, but it is not restricted to tHe enbodi nents
descri bed. Theagtimedpreduet;ararnddanuaqueocak| pheaid) chn-erbah—cEine—5—

et or o B bRk ot Rl NAOCUSRA, ko1, 100

rhodi um (i n water-soluble rhodium comp ex compounde with water-
soluble, organic phosphz.nes as ligands. The water-soluble

5 phosphines include, in particular, trialkylphosphines,
triarylphosphines, tri(alkyl,aryl}phoephines and
alkylenediphosphines and aryldiphosphines which contain

at least one organic radical substituted by a sulfonic
acid group or a carboxyl group. Their preparation ies

10 known, c¢f. e.g. DE=C-26 27 354 and DD=-A-259 194.
Compounds which are particularly suitable are triphenyl-
phosphine mono=, triphenylphosphine di- and triphenyl-
phosphine trisulfonates which can be used as individual
compoiinds or as a-mixture of 2 or 3 sulfonate components.

15 Surprisingly, in accordance with the new procedure, by
maintaining a pH of 8.0 to 1l.0 in the agueous phase
during the reaction, the selectivity of the reaction with
respect to formation of C; aldehydes and secondary pro-
ducts of the C; aldehydes is successfully markedly

20 increased. The secondary products of the C; aldehydes
which occur in the course of the hydroformylation
include, a& intermolecular condensation products,
unsaturated C;, aldehydes which can be hydrogenated to
form 2-propylheptanocl. A further secondary product is the

25 intramoclecular condensation product of 1,6=hexanedial
which, after elimination of water and addition of
‘hydrogen, gives cyclopentanecarbaldehyde and, after
hydrogenation, cyclopentanemethancl, a valuable "inter~
mediate £for organic syntheses. It has proved to be

30 particularly useful to work at pHe in the range from 8.5
to 9.5.

age

. The pHs which are a feature of the procese according to
the invention relate to the agueous phase during the
reaction, that is essentially to the solution of the

35 catalyst comprising rhodium and water-goluble organic

phosphine. The pH is determined in a known manner, e.g.

with the aid of a hydrogen electrode,



the_form of rhodium 2- et hyl hexanoate or rhodi um sul f at e| REPLAGEMENTt HERP
ppm of Rh) and variabl e anobunts of 10 tris(msul fonatp

trisodiumsalt and the pH thereof, if not stated otherw
respective addition of sodium carbonate or sulfuric acifd
solution is treated at [err] and 10 Mpa for 90 min with
(volunme ratio COHz =1 1). 15 2090 1, 3-but adi en

Geing synt c PRGL Spils abghiEhd b Cadlent 1o seasis "‘Qact
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After

sé:d The
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solution exceeds the pH range to be maintained, i.norgani.c
acids, such as phosphoric acid or sulfuriec acid, acid
salts of polyvalent inorganic acids such as alkali metal

hydrogen sulfate or water-soluble, organic acids, e.g. .

formic acid, acetic acid, propionic acid, are added to
the solution until the deeired pH is achieved. It has
also proved to be useful to use buffer solutions which
permit a precise adjustment of the pE range and ensure
ite constancy over long reaction periods. Depending on
the pHe required, suitable buffer mixtures are, e.g.,
borax-HCl, borax-NaOH, NaHCO,~NaOH, H,B0,/KCl-NaOH.

The activity of the catalyst present in the alkaline
solution is not impaired, although, in the opinion of
those ekilled in the art, the presence of rhodiumhydrido-
carbonyls is decisive for the catalytic activity. Nor
does the pE have any effect on the rate and extent of the
reaction of butadiene. The total amount of resulting C,
and C,, aldehydes remains about the same.

Only the ratio of primary product, C; aldehydes, and
secondary product, C,, aldehydes, ie shifted in favor of
the C,, aldehydes with increasing pH. However, when
catalyst solutions having a pH of 11 and above axre used,

the formation of the secondary product markedly
decreases.

The catalyst solution can be added preformed to the
reaction system. However, with equally good results, it
can aleso be prepared in the reaction mixture under
reaction conditions from rhodium or at least one rhodium
compound and the aqueous solution of at least one water-
soluble organic phosphine. In addition to metallic
rhodium in finely divided form, the rhodium source used

a
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charcoal catalyst (10 % by weight of Pt). The hydrog na- 25 tron

I s anal yzed by gas chromatography. In the exanples, tjhg

abbrevi ati ons are used: n-pentanol n- P {2- met hy‘%‘gt arZoI
2- MB cycl opent anenet hanol CPM 30 2- pr opy"freptanet

Exanpl e 1 Reaction conditions: 120C 20 ’a, agqueous/or ani ¢ phase (by

vol.) - 2 : 1; COJerr] (by vol.) - “ pH of the

aqueous phasegay- b@(p%%@?nﬁoluglgh rhodim[iereults suéhPas rhodium

(n- P+PH)

10

15

20

25

30

chloride, rhodium sgulfate, rhodium acetate or,
alternatively, compounds which are sparingly soluble in
water or water-ineoluble such as rhodium 2-ethylhexanocate
or rhodium oxides. Not only rhodium and rhodium compounds
but also the water-soluble phosphines can be used as pure
substances or as mixtures of two or more componente.

The rhodium concentration in the agueous catalyst solu~-

tion ie 20 to 2,000 ppm by weight, preferably 50 to
700 ppm by weight, based on the aqueous catalyst
golution.

Per mole of rhodium, 4 to 100 mol of phosphorus are used
in the form of water-soluble phosphines. Phoephine/
rhodium ratios above 15 3 1 represe the formation of
branched primary product and favor the production of
dialdehyde. The phosphine/rhodium ratic alsc has an
influence on the formation of C,, aldehydes. Below a molar
ratio P ¢ Rh = 30 ¢ 1, the aldol condensation products
are only formed to a slight extent. The total amount of
unbranched monoaldehyde and its intermclecular aldol

condensation product is scarcely influenced by the PB/Rh
ra.tio-

The hydroformylation of the 1,3-butadiene pioceeds at
temperatures between 60 and 150°C, preferably 90 and
120°C. Bigher temperatures within the eaid range favor
the formation of dialdehyde. Above about 120°C, the

formation of C; aldehydes and their intermolecular aldel
condensation producte decreases.

The hydroformylation of 1,3~butadiene is preferably
carried out at pressures of 1 to 10 MPa. Lower pressure
within the said ranges preferentially leads to the forma-
tion of C; aldehydes, but impaire the conversion rate.
Pressures above 10 MPa promote the aldol condensation.

The conversion of butadiene per unit of time and the

—

[T

duct

PH

PH
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(% by (nshgnifioansly iporessedi ghf) 2 wphghe) tTRRSFRY IgeASAL)

ght )
9

1/3
38

s)

P+PH) (% by

‘;"e' ght) 2/ 1 (solubiliker) is Qldded to the agueout alkaliné catalys®8S 2/2
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solution. It galters the physicai properties of the
interfaces between the two liquid phases and facilitates
the tranefer of the organic reactants into the aqueous
catalyst phase.

Compounds are known as eolubilizers, the hydrophilic
groups of which are ionic (anionic or cationic) or
nonionic. The anionic compounds include sodium salte,
potassium salts or ammonium salts of carboxylic acids
having 8 to 20 carbon atoms, in particular of saturated
fatty acids having 12 to 18 carbon atoms, in addition
alkyl sulfates, alkylbenzenesulfonates and alkylbenzene-
phosphates. Examples of cationic solubilizers are tetra-
alkylammonium and N-alkylpyridinium saltes. The nonionic
phase transfer reagents cannot dissociate into ions in
aqueous solution. These include alkyl polyethylene
glycols, alkylphenyl polyethylene glycols, alkylolamides
of fatty acids and trialkylamine oxides. Finally,
empholytes such as aminocarboxylic acids, betaines and
sulfobetaines are also used as solubllizers.

In particular, cationic solubilizers of the formula
[A-N(RR?R?) ]*E" have proved useful, in which A is a
straight-chain or branched alkyl radical having 6 to 25
carbon atoms, R, R}, R’ are identical or different and
are straight-chain or branched alkyl radicals having 1 to
5 carbon atoms and E is an anion, in particular sulfate,
tetrafluoroborate, acetate, nmethosulfate, . benzene-

sulfonate, alkylbenzenesulfonate, toluenesulfonate,
lactate or citrate.

The reaction mixture ariging in the hydroformylation is
separated from the catalyst by simple phase separation.
The aqueous ocatalyst solution can, 4if requiréd afterx
:egenera.tion and adjustment of <the rhodium and/or
phosphine concentration, be reused. The organic phase is

1



15 2/ 3 8 36 3 8  |REPIACEMENT SHEED
11 ~ 45 4 8 11 66 Exanpl ¢ 3 Reactr1on
conditions: 20 Mpa; P/Rh (in noles) = 60 : 1; aqueou}/ pr i,q‘pm';e bly
vol.) =2 : 1; COH, (by vol.) 20 1: 1; pHof the a%agous phasel P.
Experinment Tenpera- n- P 2-MBs = g CPM A—P+PH—tr e
( Yoy (% by (% by (% by (% by ([err]) ' '

wei ght) wei giitvidedibpntdi@tilllation 1oto the Sinstitu

5B 3/2 deds 2

140 20 ag st&h oér fa:r:the::7 pr@cessed. Fhe %,3 éﬂié{fde

i0
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fraction can be hydrogenated directsl?y to 1flgm V\i-?prllopyl-
heptanol. The C; aldehydes are preferably converted to
aldoles as a mixture. The reaction proceeds in a conven-
tional manner under the influence of basic catalysts.
Catalyste which are used are alkali metal carbonates or
alkali metal hydroxides, in particular compounds. of
sodium or of potassium and amines, preferably tertiary
amines, such ae triethylamine, tri-n-propylamine, tri-n-
butylamine. Temperatures of 60 to 160°C, in particular 80
to 130°C, and atmospheric pressure or elevated preseure
up to about 1 MPa are employed. The reaction time is a
few minutes up to several hours and is dependent, in
particular, on catalyst type and reaction temperature.
Because of their relatively high reaction rate, n-C;
aldehydes, especially, dimerize with themselves or with
isomeric C; aldehydes to give C;, aldehydes; in contrast,
condensation of the branched C; aldehydes among them-
selves proceeds completely in the background. The
isomeric C,, aldehydes are hydrogenated to give the
corresponding saturated alcohols. Hydrogenation catalysts
which are suitable for this reaction are those based on
nickel, chromium or copper. Conventionally, the hydroge-
nation temperature is between 100 and 180°C and the
pressure is between 1 and 10 MPa. The mixture of isomeric
C,o 8lcohols is distilled to purify it. Independently of
their origin, directly from the hydroformylation stage or
from the aldol condensation of the C; aldehydes, they arxe
very highly suiteble as alcohol component in phthalic
esters which are used as plasticizers. The preparation of
phthalic esters is known [cf. Ullmann, Encyclopidie der
Technischen Chemie [Encyclopaedia of Industrial Chem-
istry] (1979), Vol. 18, page 536 ££.]. Phthalic anhydride
is expediently reacted with the decyl alcohol mixture in
a single stage in a molar ratio 1 : 2. The reaction rate
can be increased by catalysts and/or by increasing the
reaction temperature. In order to shift the equilibrium
in the direction of ester formation it is neé'essar:y to

27



Reaction conditions:

[err] PFRh (in noles) -

(by vol .) 2 . 1; pHof the aqueous phase: 9. 5 Exper

n- P 2- VB CPM PH (n-P+PH) (MPa) (% by (%

(% by weight) weight) weight) weight) weight) 4/1 4.0

12 8 65 4/2 6.0 _6; - 4 10

4/ 3 8.0 55 3 68 4/ 4 ;

4 8 re}nolr& from tﬁZ iQact:.on :ﬂi:ﬁ:ure thd&réi:er fotihbd 2

23 20 23 59 477
26.0 52 3 8

condi ti ons:

67 Exarrpl e .5 Reacti

[Diver ]fomoyinaaexmpzhew#m&e the inyenti ?“'aeb}é'og%‘/ $®gani c

phase (by volgot restriktekdetol the embodimente described.

5

10

15

20

25

The procedure is carried out in all examples in the same
manner. .JInto a 125 ml stainless steesl autoclave are
introduced, in an argon atmosphere, 40 g of an agqueous
catalyst solution which contains 16.4 mg of rhodium (in
the forin of rhodium 2-ethylhexanoate or rhodium sulfate
equivalent to 410 ppm of Rh) and variable amounts of
tris(m-sulfonatophenyl}phosphine trisodium salt and the
pE thereof, if not stated otherwise, is adjusted, by
respective addition of sodium carbonate or sulfuric acid.
The catalyst solution is treated at 110°C and 10 MPa for
90 min with synthesis gas (volume ratio CO/H, = 1 : 1).
20 g of 1,3-butadiene are added in each case to the
preformed catalyst, the desired reaction pressure is
adjusted using synthesis gas and the mixture is allowed
to react for 12 h. After completion of the reaction,
catalyst and product phase are separated. The catalyst
phase is extracted three times, each time with 15 ml of
ether. Product phase and ether extract are combined,
dried by sodium sulfate and hydrogenated at 140°C and
20 MPa’ for 12 h in the presence of a Pt-activated

charcoal ea‘l:alyat (10 ¢ by weight of Pt). The hydrogena.-
tion product is analyzed by gas chromatography.

—-

. In the examples, the following abbreviations are ugeds

n-pentanol
. - 2-methylbutanol
cyclopentanemethanol
30 2-propylheptanol

Example 1

n-p
2-MB
CPM
PH

Reaction conditions: 120°C; 20 MPa; agueous/organic phase

(by vol.) = 2 3

1; CO/H, (by wvol.) = 1

t 1} pH of the



(by vol.) =1: 1. [err] pH n- P 2-MB CcPM PH

(n- P+PH) (% by (% by (% by (% by (% by wei ght

wei ght) weight) 5/1 9 33 2 .4

9 - 26 2 4. 32 58 20 53 —+4 '

2 1 19 68 5/4 1 53 2

75 The results of these experinents Sh fhat the sel ef- th&N]’a?"tJ}J
reaction fo |zation product 2-propyl hept epal_is _satisfactlorii
hi gh even atgﬂégégﬁ?%‘gg%‘ aé_'around 5 MPa. The selectivity for the al

condensation product decreases on transferring fro
al kaline to TINE Te,. SLT.ONgry arrarine Jegromnm.
Experrgent r:ng Y R=-P 2-ug cPy PR (n=P+PH)

in (¢ by (¢ by (& by (v by (¢ by
noles) weight) weight) weight) waight) waeight)

/1 i15:1 45 4 7 9 54
1/2 30:1 48 5 9 1¢ 58
5 1/3 40:1 48 4 8 13 €L
1/4 601 as 4 1 20 58
/5 80:1 42 3 g 18 60
xample 2

Reaction conditions: 120°C; 20 MPa; P/Rh (in moles) =
10 60 : 1; aqueous/organic phase (by wvol.) = 2 : 1l; CO/E,
(by vol.) = 1 : 1,

Experiment pH n-p 2=MB CPM PH {(n=P+PE)

(¢ by (¢ by (t by (% by (& by
weight) weight) weight) welght) weight)

2/1 3 61 4 ] 7 68

2/2 7 47 3 9 C] 55

15 2/3 $ a6 3 ] 23 60

2/4 11 55 7} 8 1 66
Example 3

Reaction conditions: 20 MPa; P/Rh (in moleg) = 60 3 1;
aqueons/organic phase (by vol.) = 2 : 1; CO/H, (by vol,)
200 =1 : 1; pH of the agqueous phaee: 9.

Expariment ?Pempera- n-p 2=MB CPM PH (n«P+FH)
ture (z by (¢ by (¢ by (& by (¢ by
(*C) weight) weight) weldght) weight) weight)
3/1 100 31 2 5 27 58
3/2 120 a6 3 8 23 68
/3 140 28 3 8 7 36

dol ,




-12- Exanple 6 Reaction conditions: 100C 5.5 MPa; P/ ~—holes) 60 ; 1;
aqueous/ organi ¢ phase (by vol..) 2 .1, [err] (by v REBLAC HE%
d
Expe

t he agueous phase: 9 (adjusted 5 i n Experinents 6/2
of an [err] NaOH buffer); DTAB: dodecyltrimethyl ammoni j
Surfa- Buffer n-P 2-ws CPM PH _ (n-P+PH) Exper
(% by (%by (% by (% by Wei ght) vﬂei’g’nt") wei ght) wel g

%[o y

DTAI - 4 2 8 20 - 44 10 6/ 2 - +
27 2 19 46 6/ 3 - + 37 ya 5 :
18 50 6/4 DTAB + 22 3 7 29 51 The results

show that thgeuAen \ddndtiiddis 'EZE¢CPNP/Rh (in moles) = 60-3 1;
aqueots/organic phase (by vol.) = 2 : 1; pH ‘of the
agueous phase: 9.

5 Experiment Pressure nep 2-}8 CPM PH (n-P+PH)
(¥Pa) (% by (% by (s by (% by (¢ by
weight) weight) wedght) weight) weight)

4/1 4.0 57 2 12 ] €5
472 6.0 €7 - 4 10 10 77
4/3 8.0 85 3 9 13 68
4/4 12.0 49 4 8 18 67
10 4/5 16.0 28 2 € 23 51
4/6 20.0 36 3 ] 23 89
a1 26.0 52 a 8 15 67
Example 5

Reaction conditions: 100°C; 5.5 MPa; P/Rh (in moles) =

is 60 : 1; agqueous/organic phase (by vol.) = 2 : 1l; CO/H,
(by vol.) =1 ¢ 1.

Experiment pE nep 2=NB CPM PH (n=P+PR)

(¢by (sby (%Dby (¢ by (% by
weaight) welght) welght) weight) weight)

5/1 ) a3 2 .4 25 58
5/2 9 26 2 ' 32 58
20 $/3 11 49 2 1 19 s
5/ = 11 53 2 1 22 75

' The resulte of these experimente show that the selec~
tivity of the reaction £for the aldolization product
2~-propylheptenal is satisfactorily high even at pressures

25 around 5 MPa. The selectivity for the aldol condensation
- product decreases on transferring from the weakly
alkaline to the more etrongly alkaline region.



wWith respect to formation of linear [err] al dehyde and pis.15 al dol
condénsati on secondary product decreases if the procedu ﬁmﬁ\w
with the addition of surfactant or buffer mxtures. The © e jow

show the increases of the conversion/uni.t of tine eh a surfactant! ils
added to the 20 catal yst sol uti on Reagpien _ B8l dp |/
MPa tinmel/h W t hout with addition of- Surifactant
surfactant 1 Bxample 6 0.7 2.0 2 1.3

3.1 25 4 2.8 ) 4.9—8 .3
6.0 12

Raact.tox? 'éonditions: 100°C; 65?5 MPa; P/Rh (in moles) =
60 : 1; aqueous/organic phase (by wvol.) = 2 : 1l; CO/H,
(by vol.) = 1 : 1; pE of the aqueous phase: 9 (adjusted
5 in Experiments 6/2 to 6/4 with the aid of an H,B0,/KCl-
NaOH buffer); DTAB: dodecyltrimethylammonium bromide.

Expe- Surfa- Buffer n-P 2-u8 cex PR (D-B+PE)
riment ctant (¢ by (¢ by % by (¢ by (¢ by
weight) weight) waight) weight) welight)
671 DTAR - 24 2 o8 20 44
10 672 - + 217 2 4 1% 46
6/3 - + 32 2 5 18 50
6/4 DTAR + 22 3 7 29 g1

The results show that the selectivity of the reaction
with reepect to formation of linear C; aldehyde and its
15 ealdol condensation secondary product decreases if the

procedure is carried out with the addition of surfactant
or buffer mixtures.,

The experiments below show the increases of the

conversion/unit of time when a surfactant is added to the
20 catalyst solution

Reaation | Pressure drop / MPa
time/h without with addition of-
- surfactant surfactant -
1 0.7 2.0
2 1.3 3.1
25 4 2.8 4.9
8 4,3 6.0
12 5.1 6.3




-13- Exanple 7 (conparison) This conparative exanpl e shows t
behaves conpletely differently from 1, 3-butadi ene in the hyd R:EPUA@EMEmiS(HEET

under the conditions according to the 5 i nvention. The hydr
reacti on product chiefly conprises n-pentanol and only contgirs
2- propyl heptanol in very m nor anounts. 1Beacti on conditi ons: er\z]O%}A.'ﬁ Wa;

[
P/Rh (in noles) = 60 : 11 aqueous/organi c phase (by vol.) =|2

= L—Jerr] 10
(by vol.) = 1Exampléc?ricempatisomlieous phase: 9. Experimen n- P
2- VB PH (% by weight) (% by weight) (% by wei ght)—7Ft
91

Th:i.fez1 conparative %xamp].e shows that l-butene behaves
completely differently from 1l,3-butadiene in the hydro-~
formylation under the conditions according to the
5 dinvention. The hydrogenated reaction product chiefly

comprises n-pentanol and only contains 2-propylheptanol
in very minor amounts.

Reaction conditions: 100°C; 5.5 MPa; P/Rh (in moles) =
. ©60 t 1; aqueocus/organic phase (by wol.) = 2 : 1; CO/H,
10 (by vol.) = 1 : 1; pH of the aguecus phases 9.

Experiment ' n-p 2-MB PH
(¢ by weight) (% by weight) (% by weight)
7/1 91 4 1

7/2 93 4 0.4
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process for the _ydronLnyLaLLgn of 1, 3-butadiene at t

[err] and pressures of 1 MPa in the presence of
as 5 i“ﬂn ﬂ ‘ h ains at |east one water
conpound and

reacting the but a |ene at a pHin the aqueous sol ution

solubLelqrganic phosphi
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The process as clainmed in cl gpatdnt viadmgn the pH_in the agueous
solution in 8.5 to 9.5. 3.)

1.)

2I)

3.)

4.)

5.)

6.)

7.)

8.)

to
DN

The process as clained in claiml or 2,

A process for the hydroformylation of 1,3-butadiene
at temperatures of 60 to 150°C and pressures of 1 to
20 MPa in the presence of an aqueous solution as
catalyst which contains at least one water-soluble
rhodium compound and at least one water-soluble
organic phoephine, which comprises reacting ‘the

butadiene at a pH in the aqueous solution of 8.0 to
11.0.

The process as claimed in claim 1, wherein the pE in
the agueous solution is 8.5 to 9.5.

The process as claimed in claim 1 or 2, wherein the
pH is adjusted with the aid of a buffer mixture.

The process as claimed in one or more of claims 1 to

2, wherein the reaction proceeds at temperatures of
90 to 120°C.

The process as claimed in one or more of claims 1 to

4, wherein. the reaction is carried out at pressures
of 1 to 10 MpPa.

The process as claimed in one or more of cleims 1 to
5, wherein the rhodium concentration in the aqueous
catalyst solution is 20 ¢to 2000 ppm by weight,

preferably 50 to 700 ppm by weight, based on the
agqueoue catalyst solution.

The process ae claimed in one or more of claimes 1 to
6, wherein, per mole of rhodium, ¢ to 100 mol of
phosphorug, preferably 10 to 60 mol of phosphorus,
are present in the agqueous golutions.

The process as claimed in one or more of claims 1 to
7, wherein the water-soluble phosphines used are
triarylphosphines, trialkylphosphines, tri(alkyl—



pHis adjusted with the aid of a buffer m'xture. 4.) The process as
clatmed in one or nore o mn 1to 3, wherein the reaction
proceeds at tiM‘m“ ! mﬂl@ to [err] 5). The process as clained in one
or nore of cl ein the reaction is carried out at pressures
of 1 to 10 Ma.” 20 The process asjglained in one or nore of clains 1
to 5, wherein the rhodr um concentration in the aqueous catal yst solution is

20 to 2000 ppm by weryhjphespliined) alkplenediphogphines et @ryldiphea-on t he

aqueous catal yst s nor e
of claims 1 to 6, \% hihed egﬁtugﬁ o@qaé{?%&f.t%oﬁ%%@n&dia @i%ugohor us

erej (r} nol e
preferably 10 to 60°Foh* G*B'h o SO 1GATD °<¥ry 88981t in the aqueous

sol uti ons.
9.) The procéss as claimed in ocne or more of claims 1 to
5 8, wherein the aqueous solution containe a
solubilizer.
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8.) The process as clainmed in one or nore of clains 1 to 30 7,
wherkei n the water-sol ubl e phosphi nes used aretriaryl phosphi nes,

trial kyl phosphi nes, tri (alkyl - aryl) phosphi nes, al kyl enedi phosphi nes
or aryldi phos- phines containing at |east one sulfonic acid group or at

| east one carboxyl group. 9) The process as clained in one or nore of

clains 1 to 5 8, wherein thel€équeous solution contains a
sol ubili zer.

PROCESS FOR. THE HYDROFORMYLATION OF 1,3__—BUTADIENE

2

Abstract of the disclosure

1,3-Butadiene is hydroformylated at 60 to 150°C and 1 to
20 MPa in the presence of an agueous solution which
contains, as catalyst, at least one:water-soluble rhodium
compound and at least one water-soluble organic
phosphine. A pH of 8 to 11 is maintained in the aqueous
catalyst solution to increase the selectivity of the
reaction with respect to the formation of n=Cy; aldehydes
and secondary products of the n-C; aldehydes.
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