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The invention relates to mixtures of isomeric decyl

alcohols, a process for the preparation. thereof, the

5 phthalic esters obtained from these alcohols and their
" use as plasticizers.

Esters of phthalic acid are used to a great extent as
plasticizers, in particular for polyvinyl chloride. The
, alcohol components chiefly used are primary alcohols
10 having 8 to 10 carxbon atoms; the most important of these |
is currently 2-ethylhexanol. Phthalic esters of short-
chain alcohols lead to plasticizers having good gelling
7 capacity. However, their higher volatility is disadvan-
tageous, compared with longer-chain compounds. longex-
15 chain esters on the other hand gel more slowly and have
& poorer cold resistance. '

The properties of the phthalic ester plasticizers are

influenced not only by the size of the alcohol molecule B

but also by the branching of the carbon chain. Thus o
20 alcohols having little branching give ester plasticizers ,

which are particularly highly regarded because of their '

high cold flexibility. Substantially lineaxr alcohols

having 8 to 10 carbon atoms in the molecule axe thus

increasing in importancé as alcohol component. A pre- . !
25 condition for their use is that they are available in '

large amounts and at favorable cost. :

According to German Patent 2 855 421, phthalates of C,

alcohols are used as plasticizers which are obtained by i

oxoreaction of C, ole-f.ihs, hydrogenation of the reaction !
30 product and esterification of the Cy alcohols using

phthalic anhydride. 3 to 20% by weight of the staxrting

olefins are to have an isobutane skeleton in each mole-

cule chain, less than 3% by weight of the olefins are to

have quaternary carbon and more than 90% by weight of the
35 total amount of the olefins are to be present as

n~octenes, monomethylheptenes and dime_thylhexenes . In
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vol atklity is disadvan- tageous, conpared w n conpounds.
Longer- chain esters on the other hang gel HEM‘“EHH have a poorer
cold resistance. The properties of"tfie"phth sticizers are

I nfl uenced not only by the size of the al cohol nolecule but also by the

br anchi ng addittimrrcarthe wedight HBatsial ebhthe Hatalg amewnt bfarde ng gi ve
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conponent. A pre- condition for their use is that they ‘are available in
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by 5 European Patent Application 03 66 089. The C,, alcohols

' are used in the form of a mixturxe which is obtained by
hydroformylation of a butene fraction, aldol condensation
of the resulting aldehyde mixture and subsequent
hydrogenation.

10 Another route to obtain didecyl phthalate mixtures is

/ described in European Patent Application 04 24 767. The

preparation of the esters is carried out by a multi-stage

process by dimerization of butene mixtures, hydroformyla-

tion and hydrogenation of the resulting octene mixture to

15 give a nonanol mixture, dehydration of the nonanol

mixture with formation of a nonene mixture and hydro-

- formylation and hydrogenation of the nonene mixture with
formation of a dec¢anol mixture.

. The known processes do not yet fulfil all the economic
20 and technical requirements made of a process carried out
on an industrial scale, whether it be that the starting
materials are not available in sufficient quantity and/oxr
- are not available at favorable costs or that the conver-
sion of the starting materials into the alcohols is

. 25 associated with processes which are too expensive.

The object was therefore to develop a process which
starts from raw materials which are cheaply available and
which can also be converted in an industrially simple
mannexr into the d:esired alcohols.

30‘ The invention c¢omprises mixtures of isomeric decyl
alcohols, which are obtained by “hydroformylation of
butadiene to give an aldehyde mixture, isolation of the
resulting aldehyde mixture £from the reaction product,

&
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oxbreaction of CJerr] ol efyg efgt i on of the Teaction—product and
esterification of the’ C[errwgmtlzmocﬂ!mg E@I Ng TRIIShI Bk BERREGRdHE 3 10 20% by

wei ght- of the starting olefins are to have an l'eton in each
nol e- cule chain, |less than 3% by wei ght of t I E“EH to have
quat ernary carbon and nore than 90% by Wei ght anount of the

olefins are to be present as n-octenes, nononethyl heptienes and
di met hyl hexcewdensation of the aldehyde mixture with formation aftiédn i on, the

wei ght rafau]%}]d?ﬂ‘ B8 thokal 2 AITYRLIGk 0RE n@CHTRRDRMLIRAOTBE Nttt enes to
the dineth exenes
aldol mixture to give a mixture of isomeric decyl

aleohols.

5 The starting material butadiene for the preparation of
the mixture of isomeric decyl alcohols according to the
invention is not only  easily  accessible by
dehydrogenation of butane or butene, but is also un-

avoidably produced in considerable amounts in the
10 preparation of ethylene by thermal crackin§ of light
petroleum or higher hydrocarbons. It is isolated from the
, C, cracking cuts of the pyrolysis product, for example, by
liquid-liquid extraction using a selective solvent such
as acetronitrile, dimethylformamide or N-methyl-

15 pyrrolidone. '

Butadiene is used for the hydroformylation in the current
- commercial form, i.e. in a purity of at least 99.5% by
weight. The hydroformylation of the conjugated diolefin
is a reaction known per se. It proceeds under the action
20 of both cobalt catalysts and rhodium catalysts. The
cobalt-catalyst reaction is described, for example, by
Adking and Williams (J.0xrg.Chem. 17, 980, (1952)). A
mixture of n- and i- valeraldehyde in the molar ratio 1l:1
J - is formed in moderate yield.

25 Considerably moxe favourable aldehyde yields are achieved
when the hydroformylation of butadiene is carried out in
the presence of .rhodium catalysts. Complex compounds of
rhodium with a multidentate ligand which contains
trivalent phosphorous atoms have proved themselves. A

30 process based on such catalysts is described, for
example, in European Patent 33 554.

In the context of the present invention, preference is
given to the hydroformylation of the butadiene in a
heterogeneous two-phase system. It is described, for
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object of European Patent |cat|on 66 iy S laggdcohol s are
used i-n the formof a mxture which is obtai ne Iatlon of a
but®ene fraction, aldol condensation of the hyde “m xture

and subsequent hydrogenation. Anotheér route to obtai n di decyl phthal ate
m xtures is described in European Patent Application 04 24 767. The
prepar at i exanplide 3t Gezmas Patentd 26ut2 by3s¢ muSechsaapropesecds by
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t he resultlng 0 |veanonan m xt ehy dratlon of the
nonanol nmwhighe maﬁ-@rsrmthén %#aratmeﬁéqﬁm upB anﬁ‘?nyéﬁ?c 3Oyl ati on

and hydr oggiridcd!), odnd N8n"aGREBUE Frase Wi whoéRathen catadydecdno!
m xt urse dissolved. Catalysts used are water-soluble rhodium
complexes with water-soluble phosphines as ligands. The
water-soluble phosphines include in particular triaryl-
phosphines, trialkylphosphines and alkyl-, aryl- ox
alkylaryldiphosphines, the organic radicals of which are .
10 substituted by sulfonic acid groups or carxboxyl groups.
Their preparation is known, cf. for example, Gexrman
Patent 26 27 354 and German Democratic Republic Patent
Y 259 194. The reaction is carried out at temperatures of
60 to 150°C, preferably 90 to 120°C and at pressures in
15 the range from 0.4 to 30, in particular 1 to 10, MPa. The.
rhodium -concentration is 20 to 2000 ppm by weight,
preferably 50 to 500 ppm by weight, based on the aqueous
catalyst solution; 4 to 100 mol of water-soluble
“ phosphine are used per mol of rhodium. The volume xatio
20 of agueous to organic phase is 0.1 to 10:1.

The butadiene conversion is markedly increased if a phase

transfer reagent (solubilizer) is added to the aqueous

catalyst solution. In particular, cationic solubilizers

of the formula [A-N(R'R’R’)]™8” have proved themselves, in

7 25 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 oxr branched alkyl

radicals having 1 to 4 carbon atoms 'ax_xd E is in par-

ticular sulfate, tetrafluoroborate, acetate, metho-

30 sulfate, benzenesulfonate, alkylbenzenesulfonate,
toluenesulfonate, lactate ox citrate.

The hydroformylation of butadiene ﬁsing rhodinmm as
catalyst gives, both'in the single-phase and in the two-
phase reaction .,stsjrem, in high yield, a mixture ‘of
35 predomin-antly saturated ' aldehydes. The ratio of
saturated to unsaturated aldehyde can be varied within
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Thé known processes do notyiyeRyfitgatuls pf the econonic and technical
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it pbe-that the starting materials are not ava icient quantity
and/ or are not avail able at favorabl e,costs o
Wt

| egCoO ver- sion of the
starting materials into the al cohols ?s assocl at e processes which are

t oo expensive. .The object was therefore to develop a process which starts

fromraw kaeosd aliniks chyavardadien of, fthebhrdsegennhconpeanns| d& be
convert ed ving 3Fmithidsdld galsl.y Al TRtfe A38A Hydrdded HRAGS YT paetlstlol s.  The
I nvention _ conprises mxtures o | Soner| d | ,al cohols, which are
obt ai ned R f%ﬂ%ﬁ’\‘%ﬁi% tsﬁﬁ"‘b'fﬁet?‘g @’rféy!éﬁﬁ% dehyde mi xture,
i solation of the resulting al dehyde m xture fromthe reaction product,
| The aldehyde mnixture contains 90 percent oxr more of
5 n-valeraldehyde and, only in subsidiary amounts, othex
aldehydes, including i-valeraldehyde, dialdehydes and
other bi-products. The composition of :-the aldehyde
mixture can be varied by selection of the phosphine-
ligands. Particularly high n/i ratios are attained using
10 water-soluble rhodium catalysts which contain water-
' soluble alkylphosphines or alkyl- or aryldiphosphines as
/ ligands. '

After the hydroformylation is completed, the aldehyde

mixture is isolated from the catalyst, from the unreacted

15 reactants and from the other reaction products. When the

_ reaction takes place in homogenous phase, distillation is

- the conventional separation process. If the

| hydroformylation was carried out in a two-phase system,
product and catalyst can be separated from each other by

20 a simple phase separation. In the industrial implementa-

tion, this process is considerably simpler and, because

of the absent thermal stress, is also considerably

gentler than the isolation of the aldehyde mixture by

- distillation. The hydroformylation of the butadiene can

25 be carried out discontinuously or continuously

"~ independently of the procées used. A high selectivity to

give n-valeraldehyde is achieved if 'only part of the

butadiene used is converted into - aldehyde and the

remaindex is recycled.

30 The aldol condensation of the aldehydes present as a
mixture is carrxied out by a conventional route with the
action of basic catalysts. A pretreatment of the alde-
hydes, for example a special purification, is not

) required. The catalysts used are alkali metal carbonates

35 or alkali metal hydroxides, in particular compounds of
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mxture and isolation an of &B@S@LtcﬂﬁgB&h)@MG@ to give a

_m"xt ure of isomeric decyl alcohols. The st but adi ene for
‘the preparation of the nmixture of |sosmsr|c d Mll H'HE ccording to the
I nvention S not only easi Iy acces drogenati on of
but ane or butene, but is also un- avoi dably produced in considerable

anount s i godhempreparpstass bim etand ermilmest,hepraferebiyi ngestiaryht -

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

5 elevated pressure up to about 1 MPa is employed. The
reaction time is a few minutes up to several hours and is
dependent, in particular, on the type of catalyst and
reaction temperature. Because of its higher reaction
rate, n-valeraldehyde p:.:incipally dimerizes with itself

10 or with isomeric valerxaldehydes to give decenals; in
contrast, condensation of the branched (s aldehydes
between themselves disappears completely. '

The aldehyde mixture obtained by condensation is then
hydrogenated to give a deayl alcohol mixture. The hydro-
15 gen addition takes place in a known manner in the
presence of catalysts. Suitable catalysts are, for
example, hydrogenation catalysts based on nickel,
- chromium or copper. The hydrogenation temperature is
conventionally between 100 and 180°C and the pressure
'20 between 1 and 10 MPa. The decyl alcohol mixture is
distilled for purification. It is especially suitable as
alcohol component in phthalic esters which are to be used
as plasticizers. The preparation of the phthalic esters
is known [cf. Ullmann, Encyclopidie der Technischen
25 Chemie [Encyclopedia of Industrial Chemistry] -  (1979),
volume 18, page 536 ££f]. Phthalic anhydride is
expediently reacted with the decyl alcohol mixture in the
molar ratio 1:2 in one stage. The reaction rate can be
increased by catalysts and/or by increasing the reaction
30 temperature. In order to displace the equilibrium in the
direction of ester formation, it is necessary to elimi~

nate the water formed from the reaction mixture.

The pthalates obtained from the decyl alcohol mixture
according to the invention are distinguished as plasti-
35 cizers by excellent cold properties.
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petroJ eum or hi gher hydr 5% 1 sol at ed—f+rem-theClerr] cracking
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using a selective solvent such as acetronitrile,
N-vet hyl - pyrrolidone. Butadlene S %sed for theJ on |n the '
current c . in a pufity of at | I ght . The
hydrofornjmmﬂmulmlm,m J ugated diolefin is a reaction known per se.
proceeds under® t ke Act$ or* of; boghgggﬁggl_ggsalysts and rhodlun1catalysts
The cobal t-catal yst reaction is described, for exanpl e, by Adklns and
Wllianms (J.Org.Chem 17, 980, (1952)). A mixture of n-

val er al dehyde |1h MAXEHTEAOF ol FOMeriC| §1eF&’1nE%1‘F9P?Pe"deP§FEJ-993I FY

Py of or myl Bt G o T Fe P e i um
catalysts, ComMERERERpGARITHHON NS FPEWLETRE )RRV SIRGERS whi oh
cont aigs from the reaction product, condensation of the

aldehyde mixture with formation of an aldol mixture

and isolation and hydrogenation of the aldol mixture

to give a mixture of isomeric decyl alcohols..

2. The mixture of isomeric decyl alcohols as claimed in

10 claim 1, wherein the hydroformylation of the
. butadiene is carried out in the presence of rhodium
catalysts. -

3. The mixture of isomeric decyl alcohols as claimed in

claim 1 or 2, wherein the hydroformylation of the

15 butadiene is carried out in the presence of water

- , and water-soluble rhodium-phosphine cémplexes as
catalyst. -

4. The mixture of isqmeric decyl alcohols as claimed in

claim 3, wherein the hydroformylation of the

20 . butadiene is carried out in the presence of water-

soluble rhodium complexes as catalyst which contain
sulfonated phosphines as ligands.

5. 'The mixture of isomeric decyl alcohols as claimed in
claim 3 or 4, wherein the hydroformylation of the
25 butadiene is carried out in the presence of water-
soluble rhodium complexes which contain sulfonated

alkyl- or arylphosphines as ligands.

6. The mixture of isomeric decyl alcchols as claimed in
claims 3 or 4, wherein the hydroformylation of the

.30 - butadiene is carried out in the presence of water-
soluble rhodium complexes as catalyst which contain
sulfonated aryl, alkyle or alkylaryldiphosphines as
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t i val ent phosphorous at YR %H'RH vesk t hensel ves. A process based on such
M
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ht ext of resent. inventi on preference is glven to the

hy‘drof or rndiw adi ene in a heterogen lagegst em |t
i-s descri "H IIHIIHIH“I ' exanpl E, glﬁ German P 4 Such a
‘process is dlstanU|shed By the occurrence of an mhlch
contains the staidgamds ol efin and the reaction

| 7. The mixture of isomeric decyl alcohols as claimed in’

one or more of claims 3 to 6, wherein the hydro-

formylation of the butadiene is carried out in the

5 presence of water and water-soluble rhodium-

phosphine complexes as catalyst at temperatures of

70 to 150°C and at pressures of 0.4 to 30 MPa, the

volume ratio of aqueous to organjc phase is 0.1 to

10:1, the rhodium concentration in the aqueous

10 catalyst solution is 20 to 2000 ppm and 4 to 100 mol
of phosphine are used per mol of rhodium.

8. The mixture of isomeric decyl alcohols as claimed
in one or more of claims 3 to 7, wherein the aqueous
catalyst solution contains a phase transfer reagent.

15 9. A mixture of isomeric didecyl phthalates obtained by
- esterification of phthalic acid or phthalic
anhydride with a mixture of isomeric decyl alcohols

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

10. Use of the mixture of isomeric didecyl phthalates as
20 claimed in claim 9 as plasticizer. |
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préduct and an aqueous phgge frpurkichsthe catal yst is dissolved. Catalysts
usdgd afe water-sol uble rhodlunlconplexes w t h wat er-sol ubl e phosphi nes as

| i ggnds. The wat er - sol ubl e phosphines include in particular triaryl-
pﬁ05ph|nes trial kyl phosphi nes and al kyl -, aryl- or aIkyIaryIdlphosphlnes,
the organic radicals of which are substituted by sulfonic acid groups or
carboxyl groups. Their preparation is known, cf. for exanple, Gernman Patent
26 27 354 and German Denocratic RepubIFraﬁkfent 286.084199%e reaction is
carried out at tenperatures of 60 to 1BbFé¥¢PtrspLef633999/50040 120[err] C
and at pressures in the range fromO0.4 to 30, in particular 1 to 10, MPa.
The rhodlunlcon entr . preferao%y 50 to 500

' R PEEFeF 5 PR O 208-nol  of
wat er - soluble phosphlne are used per nDI of rhodlun1 The vol une ratio of

aqueous to organi c phase #é g é é &O'F&F !:@%g“t §g| ene conversion is
mar kedly increased if a _ ubilizer) is added to
t he agueous :

Mixtures of isomeric decyl alcohols are obtained by
hydroformylation of butadiene to give aldehyde mixtures,
condensation of the aldehyde mixtures isolated from the
reaction product with formation of an aldol mixture and
isolation and hydrogenation of the aldol mixture. The
mixture of isomeric decyl alcohols, esterified using
phthalic acid, gives a mixture of isomeric decyi
phthalates which are used as plasticizers.
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The

's, both in the

in high yield, a

ratio

of saturated
to unsatur at BHeal LRYSRELeR NRlatas c§oyiphkhures of isomeric decyl

alcohols, a process for the preparation thereof, the

phthalic esters obtained from these alcohols and their
use as plasticizers.

Esters of phthalic acid are used to a gredt extent as
plasticizers, in particular for polyvinyl chloride. The
alcohol components chiefly used are primary alcohols
having 8 to 10 carbon atoms; the most important of these
is currently 2-ethylhexanol. Phthalic esters of short-~
chain alcohols lead to plasticizers having good gelling
capacity. Howevex, their higher volatility is disadvan-
tageous, compared with longer-chain compounds. Longer-

chain esters on the other hand gel more slowly and have
a poorer cold resistance.

The properties of the phthalic ester plasticizexrs are
influenced not only bf{ the sigze of the alcohol molecule
but also by the branching of the carbon chain. Thus
alcohols having little branching give ester plasticizers
which are particularly highly regarded because of their
high cold flexibility. Substantially linear alcohols
having 8 to 10 carbon atoms in the molecule are thus

increasing in importance .as alcohol component. A pre- -

condition for their use is that they are available in
large amounts and. a.t favorable cost.

Acoording to German Patent 2 855 421, phthalates of C,
alcohols are used as plasticizers which are obtained by
oxoreaction of C, olefins, hydrogenation of the reaction
- product and esterification of the C; alcohols using
phthalic anhydride. 3 to 20% by weight of the starting
olefins are to have an isobutane skeleton in each mole-
cule chain, less than 3% by weight of the olefins are to
have quaternary carbon and more than 90% by weight of the
total amount of the olefins are to be present as
n-octenes, monomethylheptenes and dimethylhexenes. In
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An increased hydrogen partial pressure favours the flo natlon ol sat
al dehydes. The al dehyde m xture contai ns 90 perceit or
n-val eral dehyde and, only in subsidiarysanounts, otlhe
i -val eral dehyde, di al dehydes and ot her gi-products

al dehyde m xtur.e can be varied_by selectiaon qof the
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Phthalic esters based on C,, alcohols are an object 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 butene fraction, aldol condensation

of the resulting aldehyde mixture and subsequent
hydrogenation.

Another route to obtain didecyl phthalate mixtures is
described in European Patent Application 04 24 767. The
preparation of the esters is carried out by a multi-stage
process by dimerization of butene mixtures, hydroformyla-
tion and hydrogenation of the resulting octene mixture to
give a nonanol mixture, dehydration of the nonanol
mixture with formation of a nonene mixture and. hydro-

formylation and hydrogenation of the nonene mixture with

formation of a decanol mixture.

The known processes do not yet fulfil all the economic
and technical requirements made of a process carried out

on an industrial scale, whether it be that the starting
materials are not available in sufficient quantity and/or

are not available at favorable-costs or that the conver-
sion of ‘the starting materials into the alcohols is
associated with processes which are too expensive.

The object was therefore to develop a process which
starts from raw materials which are cheaply available and
which can also be converted in an 1ndustria11y simple

manner into the des:.red alcohols.

The invention comprises mixtures of isomeric decyl

alcohols, which are obtained by hydroformylation of
butadiene to give an aldehyde mixture, isolation of the
resulting aldehyde mixture f£from the reaction product,

)
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After the hydrofornylation is conpleted, the al deh RS
fromthe catalyst, fromthe unreacted reactants an}
products. Wien the reaction takes place in honpgenpup
is the conventi onal separation ocess. | f
was carried out in a two- phase system pr oduct andjc

separat ed from each other %ga si npl e phase separagi on. trial
i npl enent £ondensation 9f cthesalde inbxture winiree —lof the
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e al dehy xtu i sti i on rof oyl ation, o e but adi ene
can be d“l%id %ﬂ" d|§80n‘3£ﬁﬁou§I 5’6?‘\{"' CO?I% MHIRReTL o‘iﬁ)‘é’ﬁgently of
t he procc%lcuhdlsA hi gh selectivity to gi ve n-val eral dehyde is achieved if

only part of the butadiene used is converted into al dehyde and the
remai'nder is recycled. The aldol condensation of the al dehydes present as
a mi xt ur e Thecstanking tnateniadnbutiadiene rforethet lpreparation of

the mixture of isomeric decyl alcohols according to the
invention is not only easily accessible by
dehydrogenation of butane or butene, but is also un-
avoidably produced in considerable amounts in the
preparation of ethylene by thermal cracking of liéht
petroleum or highexr hydrocarbons. It is isolated from the
C, cracking cuts of the pyrolysis product, for example, by
liquid-liquid extraction using a selective solvent such

as acetronitrile, dimethylformamide or N-methyl-
pyrrolidone.

Butadiene is used for the hydroformjl'ation in the current
. commexcial form, i.e. in a purity of at 1e§st 99.5% by
weight. The hydroformylation of the conjugated diolefin
is a reaction known per se. It proceeds under the action
of both cobalt catalysts and xrhodium catalysts. The
cobalt-catalyst reaction is described, for example, by
Adkins and Williams (J.Org.Chem. 17, 980, (1952)). a.

mixture of n-~ and i~ valeraldehyde in the molar ratio 1:1
is formed in moderate yield.

Considerxably moxe favourable aldehyde yields are achieved
when the hydroformylation of butadiene is carried out in
the presence of rhodium catalysts. Complex compounds of
rhodium with a multidentate 1ligand which contains
trivalent phosphorous atoms have proved themselves. A
process based on such catalysts is described, for
example, in European Patent 33 554.

In the context of the present. invention, preference is
given to the hydroformylation of the butadiene in a
heterogeneous two-phase system. It is described, €£for
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pressure or espmpdeod It cGemmanyPatenthRA 37 VPA4i-s Sugh B cBTogRss  d&ct i on
time is a faWsHiRithiSHED | BySovké Alodttisferitél bE an organic phase,
which contains the starting olefin and the reaction
product, and an aqueous phase in which the catalyst is
dissolved. Catalysts used are water-soluble rhodium
complexes with water-soluble phosphines as ligands. The
water-soluble phosphines include in particular triaryl-
phosphines, trialkylphosphines and alkyl-, aryl- or
alkylaryldiphosphines, the organic radicals of which are
substituted by sulfonic acid groups or carboxyl groups.
Their preparation is known, cf. for example, German
Patent 26 27 354 and German Democratic Republic Patent
259 194. The reaction is carried out at temperatures of
60 to 150°C, preferably 90 to 120°C and at pressures in
the range from 0.4 to 30, in particular 1 to 10, MPa. The
rhodium concentration is 20 to 2000 ppm by weight,
preferably 50 to 500 ppm by weight, based on the agueous
catalyst solution; 4 to 100 mol of water-soluble
- phosphine are used per mol of rhodium. The volume ratio
of agueous to organic phase is 0.l to 10:1l.

The butadiene conversion is markedly increased if a phase
transfer reagent (solubilizer) is added to the aqueous
catalyst solution. In particular, cationic solubilizers
of the formula [A-N(R'R’R’)]'S™ have proved themselves, in
which A is a straight-chain oxr branched alkyl radical
having 6 to,. 25 carbon atoms, R!, R?), R’ are identical or
different and are straight-chain oxr branched alkyl
radicals having 1 to 4 carbon atoms and E is in par-
ticular sulfate, tetrafluoroborate, acetate, metho-

sulfate, benzenesulfonate, alkylbenzenesulfonate,
toluenesulfonate, lactate orx citrate.

‘The hydroformylation of butadiene using rhodium as
catalyst gives, both in the single-phase and in the two-
phase reaction stsyem, in high yield, a mixture of
predomin~antly saturated aldehydes. The =ratio of
saturated to unsaturated aldehyde can be varied within
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aldehydes, including i-valeraldehyde, dialdehydes and
other bi-products. The composition of the aldehyde
mixture can be varied by selection of the phosphine
ligands. Particularly high n/i ratios are attained using
water-soluble rhodium catalysts which contain water-

soluble alkylphosphines or alkyl- or aryldiphosphines as
ligands. :

After the hydroformylation is completed, the aldehyde
mixture is isolated from the catalyst, from the unreacted
reactants and from the other reaction products. When the

the conventional sepaxration process. If the
hydroformylation was carxried out in a two-phase aystem,
product and catalyst can be separated from each other by
a simple phase gseparation. In the industrial implementa-
tion, this process is considexably simpler and, because
of the absent thermal stress, is also considerably

reaction takes place in homogenous phase, distillation is

gentler than the isolation of the aldehyde mixture by’

distillation. The hydroformylation of the butadiene can
be carried out discontinuously or continuously
independently of the procces used. A high selectivity to
give n-valeraldehyde is achieved if only part of the

butadiene used is converted into aldehyde and the
remaindexr is recycled.

The aldol condensation of the aldehydes present as a
mixture is carried out by a conventional route with the

action of basic catalysts. A pretreatment of the alde-

hydes, for example a special purification, is not
required. The catalysts used are alkali metal carbonates
or alkali metal hydroxides, in particular compounds of
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the reaction m xture. The pthal ates obtained f

m xture aceoddumg b tpetasedmni oandr cawinesagupraerably atertiaryers by

excel I ent gl i ORRYCH &% triethylamine, tri-n-propylamine and tri-
n-butylamine. Temperatures of 60 to 160°C are employed,
in particular 80 to 130°C, and atmospheric pressure or
elevated pressure up to about 1 MPa is employed. The
reactién time is a few minutes up to several hours and is
dependent, in particular, on the type of catalyst and
reaction temperature. Because of its higher reaction
rate, n-valeraldehyde principally dimerizes with itself
or with isomeric valeraldehydes to give decenals; in
contrast, condensation of the branched C; aldehydes
between themselves disappears completely.

The

The aldehyde mixture obtained by condensation is then
hydrogenated to give a decyl alcohol mixture. The hydro-
gen addition takes place in a known mamnner in the
presence of catalysts. Suitable catalysts are, for
example, hydrogenation catalysts based on nickel,
chromium or copper. The hydrogenation temperature is
conventionally between 100 and 180°C and the pressure
between 1 and 10 MPa. The decyl alcohol mixture is
distilled for purification. It is especially suitable as
alcohol component in phthalic esters which are to be used
as plasticizers. The preparation of the phthalic esters
is known [cf. Ullmann, Encyclopidie der Technischen
Chemie [Encyclopedia of Industrial Chemistry] ' (1979),
volume 18, . page 536 ££f]. Phthalic anhydride is
expediently reacted with the decyl alcohol mixture in the

_molar ratio 1:2 in one stage. The reaction rate can be
increased by catalysts and/or by increasing the reaction
temperature. In order to displace the equilibrium in the
direction of ester formation, it is necessary to elimi~
nate the water formed from the reaction mixture.

The pthalates obtained from the decyl alcohol mixture
according to the invention are distinguished as plasti- .
cizers by excellent cold propexties.



Patent clains 1. A mxture of cohol s which is the
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hydroformylation of butadiene to give an aldehyde
mixtufe, isolation of the resulting aldehyde mixture
from the reaction product, condensation of the
aldehyde mixture with formation of an aldol mixture

and isolation and hydrogenation of the aldol mixture
to give a mixture of isomeric decyl alcohols.

2. The mixture of isomeric decyl alcohols as claimed in

claim 1, wherein the hydroformylation of the
butadiene is carried out in the presence of rhodium
catalysts.

3. The mixture of isomeric decyl alcohols as claimed in
claim 1 or 2, wherein the hydroformylation of the
butadiene is carried out in the presence of water

and water-soluble rhodium-phosphine complexes as
catalyst, -

4. The mixture of isomeric decyl alcochols as claimed gn
claim 3, wherein the hydroformylation of the
. butadiene is carried out in the presence of watefp-

soluble rhodium complexes as catalyst which contaln
sulfonated phosphines as ligands.
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5. The mixture of isomeric'decyl alcohols as claimed in
claim 3 or 4, wherein the hydroformylation of t
butadiene is carried out in the presence of water-

soluble rhodium complexes which contain sulfonated
alkyl- or arylphosphines as ligands.

The mixture of isomeric decyl alcohols as claimed in
claims 3 or 4, wherein the hydroformylation of the
butadiene is carried out in the presence of water-
soluble rhodium complexes as catalyst which contain
sulfonated aryl, alkyl- or alkylaryldiphosphines as




3. The m xt ure—ef—el—a%—m—Q—W&eFeFﬂ said catal yst i s'_a wat er sol ubl e
.f hodi um phosphi ne hydrof ornmylation is carried out in
t he presence of Hw orrpl ex being ATy el yst
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sul fonated. 5. The ni xt ure claim 4 er ei Lay Jl ex

contains sul fonatled al - or aryl phosphi nes. ~ 6. The m xture claim
4 wherein said X cont ai ns sul f onat ed aryl , aI kyl -

or aryI al ky1 di phosphi nes. 7. The m xture of claim 3 whe’rei n

; d f f
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a reactlon
one ox: more of claims 3 to 6, wherein the hydro-

formylation of the butadiene is carried out in the
presence of water and water~soluble rhodium-
phosphine complexes as catalyst at temperatures of
70 to 150°C and at pressures of 0.4 to 30 MPa, the
volume ratio of agueous to organic phase is 0.1 to
10:1, the rhodium concentration in the agueous
catalyst solution is 20 to 2000 ppm and 4 to 100 mol
of pho'sphine are used per mol of rhodium. '

8. The mixture of isomeric decyl alcohols as claimed
in one or more of claims 3 to 7, wherein the acqueous
catalyst solution contains a phase transfer reagent.

9. A mixture of isomeric didecyl phthalates obtained by
esterification of phthalic acid or phthalic
anhydride with a mixture of isomeric decyl alcohols
as claimed in one or more of claimsg 1 to 8.

10. Use of the mixture of isomeric didecyl phthalates as
claimed in claim 9 as plasticizer.
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pressure of 0.4 to 30 MPa, there béing an_aqueous

) phase and an organic.
‘phase in a volune ratio of 0.1 to 10:1, said rhodiumbeing in said
aqueous catal yst solution in an anount of 20 to 2000 ppm based on
said catalyst solution, and there being 4 to 100 nols of said phosphine
per nol of said rhodi um .

-9 _
DECYL ALCOHOL MIXTURES, PHTHALIC ESTERS OBTAINABLE

THEREFROM AND THEIR USE AS PLASTICIZERS

Mixtures of isomeric decyl alcohols are obtained by
hydroformylation of butadiene to give aldehyde mixtures,
condensation of the aldehyde mixtures isolated from the
reaction product with formation of an aldol mixture and
isolation and hydrogenation of the aldol mixture. The
mixtire of isomeric decyl aloohols, esterified using

| phthalic acid, gives a mnixture of ‘isomeric decyl
phthalates which are used as plasticizers.




8. The m xture of claim3 wherein a phase transfer

agent is in

aqueoys catal yst solution. 9. The m xture of claim8 wherein said

transfer ageﬁt\A—s-oi_ihLornula [A—N(R[err] Rl err

] Rerr err] E-,
wherein Ais tra| ht or  branched chain alkyl | § |S}m
to 25 carbon !M IUIHerr] and Rlerr] are i
br

tjons,

strai ght or y| r adi caks having 1 "to 4 carbon
and E is sel ected fromthe gt oup consisting of pu]fa@@, Sk B9
tetrafl uoroborate, acetate, met hosul f at e, | benzene
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citrate. 10.
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Use of the mxtuPé‘"QS’f“q dhferi‘?é H‘P

al kyl benzosul f opgland Y1agr@sul fonat p, Tactate, and

sai d

The m xture of isSonmeric di 'decal pht hatal.e Lch is.
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ene to form a
reaction product containing an aldehyde mixture,
separating said aldehyde mixture from said reaction
product, condensation of said aldehyde mixture,
thereby forming a condensation product containing
an aldol mixture, separating said aldol mixture
from said condensation product, and hydrogenation
of said aldol mixture to said mixture of isomeric
decyl alcohols.

The mixture of claim 1 wherein said
hydroformylation is carried out in the presence of
at least one rhodium catalyst.

The mixture of claim 2 wherein said catalyst is a
water soluble rhodium-phosphine complex and said
hydroformylation is carried out in the presence of
water, said complex being in an aqueous catalyst
solution.

The mixture of claim 3 wherein said phosphine is
sulfonated.

The mixture of c¢laim 4 wherein said complex
contains sulfonated alkyl- or arylphosphines.

The mixture of claim 4 wherein said complex
contains - sulfonated aryl, alkyl-, or
arylalkyldiphosphines.

The mixture of claim 3 wherein said
hydroformylation is carried out at a reaction
temperature of 70° to 150°C. and under a reaction
pressure of 0.4 to 30 MPa, there being an aqueous
phase and an organic phase in a volume ratio of 0.1
to 10:1, said rhodium being in said aqueocus
catalyst solution in an amount of 20 to 2000 ppm
based on said catalyst solution, and there being 4
to 100 mols of said phosphine per mol of said
rhodium.
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11.
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The mixture of claim 3 wherein a phase transfer
agent is in said aqueous catalyst solution.

The mixture of claim 8 wherein said transfer agent

is of the formula [A~-N(R* R* R*)]* E-, wherein A is
a straight or branched chain alkyl radical having 6
to 25 carbon atoms, R', R?, and R’ are independently
straight or branched chain alkyl radicals having 1
to 4 carbon atoms, and E is selected from the group
consisting of sulfate, tetrafluoroborate, acetate,
methosulfate, benzene sulfonate,
alkylbenzosulfonate, toluenesulfonate, lactate, and
citrate.

The mixture of isomeric didecal phthalates which is
the reaction product of esterification of phthalic
acid or phthalic anhydride with the mixture of
isomeric decyl alcohols of claim 1.

Use of the mixture of isomeric didecyl phthalates
of claim 10 as plasticizer.



