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Pr‘d‘c‘§'§'§ for the prepar #tiloAUBLPEHEddTEnant | y unbranched hi gher #®Rmgrs '
al cohol s The invention relates to a process for the preparation of :
preﬂom nant |y unbranched hi her ydrof ornyl ati on of
ol efins from tHLERER %S Pt Sttt e of water-sol uble
r hodi um coenpl ex COWM@__Q containing from6 to
20 carbon atons, unbranched prinmary al cohols are extensively used as 10
intermediates in the chemcal industry. For instance, Co- to

d err] - #mehicheentorsteldties tovat brotehal fer ddial preparation ofl asti ci zers

di stingujs £4n od‘mﬂ,p 1 EAP fﬁ?{aty | o cofiRdistMpeal t s of
n- al kyI L% %‘?at es V\ﬁﬂgh are ?a]gnegbg%/ est«érl I C tlonco 8conce trated
hydrofomylat:.on of olefins "from the Fischer-Tropsch
synthes:.s in the presence of water-soluble rhodium

complex compounds a3 catalysts.

Higher, i.e. containing from 6 to 20 carbon atoms, :
unbranched primary alcohols are extensively used as
10 intermediates in the chemical industry. For instance, C,-
to C;;~alcohols are esterified with phthalic acid to
produce plasticizers distinguished by goed low-
temperature flexibility. Sodium salts of n-alkyl sulfates
which are obtained by esterification of concentrated
15 sulfuric acid with unbranched fatty alcohols, are bio-
logically degraded and have consequently acquired great
importance as environmentally compatible synthetic
detergents. Esters based on straight-chain primary ,
alcohols with branched dicarboxylic acids are valuable l
20 lubricants which are used, in particular, in aircraft :
engines. *

The posagibilities given above by way of example for using
straight-chain primary alcohols explain the g.'.:eat
interest in processes for their preparation which start
25 from inexpensive raw materials and which can be carried !
out with grealt technical simplicity. 3 further require-

ment ig that straight-chain feedstocks are not isomerized
in the course of the preparation process and that, where
it is possible for secondary and/or tertiary alcohols to

30 form alongside primary alcohols, clear preference is
given primary alcohols.

In accordance with DE-C-2 855 421, the production of " :
dinonyl phthalate plasticizers employs C,-alcohols which
have been prepared by dimerization of butenes in the pre-
35 sence of organcaluminum compounds as catalysts, to give

R © e 0 ot i JERHIRAPER u.,...,.,

an octene mixture wh:.ch\ ,,sﬁbsbquentiy hyé::oformylated.

5{: Description @ paged L. 1o paged L.
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15 -~ sulfuric acid wit HERInBURRGGEEA FPatty al cohol s, arTé"S

degr.aded and have consequently acquired great |rrportan ﬁm i I
environnentally conpatible synthetic detergents. Est

strai ght-chai zn prinmary al cohol p wiZh=branched di car boxylic acids are

val uable 20 |lubricants which are used, in particular,_in aircraft engines.

The posE&Wwihydreiommyiation f 1§ huyere Exagpien+ 214R% ngerdeRr gh- chain
primary gadic s t:@épi»esmziﬁug abderydd %Ek@&éelﬁh&rwééﬁﬁeﬁ@r their ,

prepara whi ch start 25 I nexpensi.ve raw rials and which can be
carri edaﬁ’é} ?@cﬁﬁ ggl E @i’tt?mﬁ g’r FERUPTRT ment is

t hat st r@s;d"é& chmtrhé:edststmkwmeem@tofsnmmemss nN8fhetsogiee of the
Pregar atd Q. 0l OGP healld {d' Y gier e

Another route to obtaining didecyl phthalate mixtures is
described in EP-A-0 424 767. The esters are prepared in :
a multigtage proceas by dimerization of butene mixtures,
‘hydroformylation and hydrogenation of the resulting
10 octene mixture to give a nonanol mixture, dehydration of
the nonancl mixture to form a nonene mixture, and hydro-
formylation and hydrogenation of the nonene mixture to
form a decanol mixture. : ,

The known processes still fail to meet all of the
15 economic and technical demands made on a process carried
out on the industrial scale. For instance, the starting
materials are not always available in sufficient quantity

or at favorable cost, or their conversion to the desired
straight-chain alcohols is linked with complex processes.

20 The object was therefore to develop a process which
starts from inexpensive raw materials and which produces
a high yield of the desired alcohols by a simple route.

The invention consists in a process for the preparation
of predominantly unbranched higher primary alecohols by
25 reacting olefins with carbon monoxide and hydrogén to
give aldehydes, in liquid phase at temperatures of £rom
20 to 150°C and pressures of from 0.1 to 20 MPa in the ]
presence of water and rhodium, in metallic form or as a
compound, and a water-soluble phosphine as catalyst, and
30 hydrogernating the aldehydes to give alcchols. The process
compriges reaéting olefins obtained by Fischer-Tropsch

synthesis and having from 6 to 20 carbon atoms in the
molecule, or mixtures of 2 or more such olefins, in the
presence of water-goluble salts whose anion is a phos-
35 phine containing at least one sulfonated or carboxylated
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al ongsi de prinmary al cohols, clear preference is given primary al cohols.
accordance with DE-C 2 855 421, the production of dinonyl phthalate
pl asticizers enploys err] al cohol $ whi ch have been prepared by

di nmeri zati on of butenes
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in the pre- 35 sence of organoal ummmum conpounds
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in which Z is nitrogen or phosgphorus, A is an alkyl or
aralkyl radical having from 7 to 18 carbon atoms and B,
C and D are straight-chain or branched alkyl radicals
having from 1 to 4 carbon atoms.

The olefins used as starting material in the preparation
of predominantly unbranched higher primary alcohols in
accordance with the process claimed are obtained by
Fischer-Tropsch synthesis. This terxm refers to the
catalytic hydrogenation of carbon monoxide over solid
catalysts, which proceeds with the construction of
aliphatic molecular chkains. Catalysts which have proved
effective are the metals 4iron, ccbalt, nickel and
ruthenium, with iron in particular having acquired
importance in practice. The technical implementation of
the synthesis (cf.. in thisg respéct e.g. TUllmanns
Encyclopadie der technischen Chemie [Ullmann’s
Encyclopedia of Industrial Chemistryl, 4th edition
(1977), volume 14, pages 329 £ff£.) involved the develop-
ment of a series of different processes, of which twe are
currently in dndustrial use. In the P"Arge process",
hydrogen and carbon monoxide are reacted in £ixed-bed
reactors at a pressure of 2.5 MPa and at temperatures of
between 220 and 225°C; the "synthol process" operates
with entrained-bed reactors at 2.3 MPa and 320-340°C,
Irrespective of the proceass used, the Fischer-Tropsch
synthesgis is not very selective, but yields mixtures of
complex compogition which contain saturated and unsatu-
rated hydrocarbons of different wmolecular size, alcohols
and, in addition, aldehydes, ketones and acide. The
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hydr ogenati on,

EP-A-0 424 767. The esters are prepéred in a nultistage p

di meri zation of butene m xtures,

resul ti rRFARPTtIRN PE wigfire in §

nonanol
hydr oge
process

made on tmprm:eéeumran&daoubrﬁmnamedbﬁﬂmat boad. stTheecompbnensbance,

st arg '"%¢ the reaction mixture are separated £rom one another in
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a conventional manner by digtillation. The latter may be
followed by a £ine purification to obtain individual
compounds in high purity. For example, branched hydro-
carbons may be separated from their straight-chain
isomers via urea inclusion compounds.

The hydroformylation of the olefins obtained as described
above must be carried out under conditions which ensure
that straight-chain aldehydes are formed. Consequently,
the carbonyl group must be directed to the terminal
carbon atom of the olefin molecule and, in addition, the
double bond must retain its position in the molecule
under the reaction conditions, i.e. it may not move from
the terminal position to a pogition within the molecular
chain. As a solution to this problem, it has proved

'particularly suitable to react the unsaturated compounds

with carbon monoxide and hydrogen in a liquid two-phase
system which comprises, as the organic phase, the olefin,
which may be dissolved in an organic solvent, and the
reaction product which is being formed and, as the
aqueous phase, the catalyst solution containing the
rhodium compound and water-soluble phosphine.

' The water-soluble phosphines employed in the procedure

30

35

according to the invention are salts whose anion is
formed from a phosphine which contains at least one
sulfonated or carboxylated aromatic radical. The term
phosphine also includes those compounds of trivalent
phosphorus in which the phosphorus atom is a component of
a heterocyclic ring. The arcmatic radical can be attached
directly or via other groups to the phosphorus atom of
the phosphine. Examples of arowatic vradicals are the
phenyl and the naphthyl radical. They may be mono- or
polysulfonated or -carboxylated and may in addition be

d err ] -EREGER&ERI e FPbt ai ned which are pro- cessed further
by the process of EP-A 0 366 089 to give 5 esters of ph
Anct her route to obtaining didecyl phthal ate m xtures is d “

gdrofor myl ati on_and hydrogenati on of t he
QeIaaﬁ§hahoPrﬂ¢¥GHr%adeﬁyﬂPat|on of the

‘mt’xon ofotthe n enggg?n?ﬂeﬁ(t Hhé, eca tf%ﬂ?lﬁgag'rllhgngnom
J ur ur
Bedsd onidnefed i BAVng doom B Co 280 FaRPERARLOPECHR o

demands
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material s are not al waBK &VBRUEEDIEeFifn sufficient quantity or at favorable |,
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wi th conpl ex processes. 20 The ol ect was therefore to develop a

process which starts frominexpensive raw materials and whi ch produces a ;
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Diphosph:x.ne anions are preferably derived from biaryl
compounds of the formula :

1
(R*).P 1
2%, /P(R )y

(H2C>m (Cﬂz)m

/

N\ ;
_/ N

2

(R )n (R o

10 which are substituted by at least one sulfonate (S0,”)
radical or carboxylate (C00") radical. In the formula, at
each occurrence, R* is an identical or differemt alkyl,
cycloalkyl, phenyl, tolyl or naphthyl radical, R® is
identical or different and is hydrogen, an alkyl or

i5 alkexy radical having from 1 to 14 carbon atoms, or is a
cycloalkyl, aryl or aroxy radical having from 6 to 14
carbon atoms, or a fuged-on benzene ring, m is identical
or different amd is an integer from 0 to 5, and n is
likewise identical or different and is an integer from 0

20 to 4. Proven representatives of this class of compound
are the products obtained by sulfonation of 2,2'-bis-
(diphenylphoesphinomethyl) -1,1’ -biphenyl or 2,2’-bis(di-
phenylphosphinomethyl) -1, 1/ -binaphthyl. One example of
the anion of a heterocyclic phosphorus compound which can .

25 be mentioned is 3,4-dimethyl-2,5,6-tris(p-sulfonato- '
phenyl) -1-phosphanorbornadiene.

Az a cation, the salts contain - corresponding to the
c¢harge on the anion - at least one ion ¢f the formula
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whose anion is a phospgiRh&UERIHERIENTg at | east one sulfonated-or.
carboxyl ated aromatic radical and whose cation or cations, correspondl ng to

thé charge on the anion, is or are one or nore ions ofThis eplaced3
[err] in which Z is nitrogen or phdsphorus, Ais an alk l“ '
radi cal having from7 to 18 carbon atons and B, C and D ha| n
or branched al kyl radicals hFVI ng from It 4 atons, V\/nerel n the rhod| um f
concentration in the aqueous catal yst Bolution is from 10 to 200 ppm by

wei ght, based on the 5 soljuti on, 4dnd the quaternary ammoni um or

phosphoni um salt of the sul flofated or &afboxyl at ed phosphine is enployed in

an anmount so that from1l to {1000 no\ 5

a el

in which Z is nitrogen or phosphorus, A is an alkyl or

aralkyl radical having £rom 7 to 18 carbon atoms and B, _ !
C and D are straight-chain or branched alkyl radicals

having from 1 to 4 carbon atoms.

5 Examples of cations of the structure mentioned which are
suitable for carrying out the novel procesa are the
trimethylcetylammonium, trimethyldodecylammonium, tri-
butyldodecylammonium, dodecylethyldimethylammonium,
triethylbenzylammonium, trimethyltetradecylphosphonium

10 and tributylhexadecylphosphonium ions.

The onium compounds used as a catalyst component accoxrd-
ing to the novel process promote the solubility of the
organic substrate in the aquecus phase and hence contri-
bute to increasing the degree of conversion. Their
15 extremely low soclubility in the organic phase means that
they themselves, and the metal component of the catalyst ‘
system, are discharged from the reaction zone with the :
reaction product either not at all or only in an amount
which ig g0 small as to be negligible., It is therefore
20 unnecessary for working up to include a separate step for
recovery of rhodium from the aldehyde.

It is particularly important that, when using the water-~
soluble phosphines in the procedure claimed, the olefins
employed in accordance with the invention are hydro-
25 formylated with high activity and selectivity, with the

structure of the reacted hydrocarbons being maintained,
i.e. isomerization occurs not at all or only te an
ingignificant extent. In addition, the effect of the
phosphines is that almost exclusively terminal clefins
30 are hydroformylated. The separation effect achieved by
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of phosphi ne conpound ¥aRE MEEGENLE pgr nole of rhodium The ol efins used as:
starting material in the preparation of predom nantly unbranched hi gher

prizmary al cohols in 20 accordance,.Wi th the process clained are i
obt ai ned by Fi scher-Tropsch synt hesis. This term refers to the |

catal vt ihslly GeAdNA) 4 a0 leuGAHAY rzag%rgahe%seeh%g*f% sy Shg. i ch

proceeds vm th construction ar ns. Catal ysts
whi ch h&ranshed compounds da ithe Gairdepnq%lctrret als iron, cobal t, nickel !
and ruthenium with iron in particular having acquired i rrportance in!

practrce The technical inplenentation of the synthesis _(cf in this !
respect The Prengnatinn o e Fddseveedjin th?—eE‘ﬁ?r‘F%%ﬁe‘ﬁlaiMm e !

[Ul manis Xownkncrheopstdasting ddhwidlisl aréhephobphlinesstdy edition
-1 phosphorus heterocycles containing sulfonated or carboxy-
lated aryl radicals. The incorporation of the sulfonate
radical is carried out by established methods, by treat-
ing the starting compounds with oleum. By varying the
reaction Eonditions, in particular the reaction time, the |
10 reaction temperature and the ratio of phosphorus compound
to sulfur trioxide, the degree of sulfonation of the
starting compounds can be controlled.

The carboxylated phosphorus cocmpounds can be obtained by
a variety of routes, for example by zeacting the basic
15 structures with carbonyl halides and, in particular, via :
Grignard compounds, by reaction with carbon dioxide.

Expediently, the compounds initially obtained f£rom the
reaction product are amine salts which are insoluble in
water but soluble in organic solvents. They are subse-

20 quently converted by treatment with a quaternary ammonium
or phosphonium hydroxide into the desired onium salt of
the sulfomated or carboxylated triarylphoasphine.

Reaction of the olefins with hydrogen and carbon monoxide
according to the novel process ig carried out at tempera-

25 tures of from 20 to 150°C, in particular from 50 to
120°C, and at presgsures of from 0.1 to 20 MPa, in parti-
cular from 1 to 10 MPa.

The c¢atalyst added to the reaction syastem may be
preformed. It can also, however, be prepared with egual
30 success from the components - the rhodium or rhodium
compound and the agqueous solution of the guaternary

ammonium or phosphonium salt of the phosphine containing

sulfonated or carboxylated aromtic radicals - under
reaction conditiong in the reaction mixture, i.e. in the
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di fferent processes, of which two are currently in industrial use. In the

"Arge process", hydrogen and carbog nonoxi de are reacted in fixed-bed 25
nd at tenperatures of between 220 and
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gsoluble in organic media, such as rhodium 2-ethyl-
hexanoate, or insoluble compounds such as rhodium oxides.

The rhodium concentration in the agqueous catalyst golu-
tion is from 10 to 2000 ppm by weight, based on the
solution. The quatermary ammonium or phosphonium salt of
the sulfonated or carboxylated phogphine is employed in
an amount such that from 1 to 1000 mol, preferably from
2 to 300 mol, of phosphine compound are present per mole
of rhodium.

The pH of the agquecus catalyst solution should not be
less than 2. The solution is generally adjusted to a pH
of from 2 to 13, preferably from 4 to 10.

The composition of the syntheasis gas, i.e. the ratio of
carbon monoxide to hydrogen, can be varied within broad
limits. The synthesis gas generally empioyed is one in
which the volume ratioc of carbon monoxide to hydrogen is

1:1, or one which deviates only slightly from this value.

The reaction can be carried out either batchwise or
continucusly.

The hydroformylation mixture is separated £rom the
catalyst solution by simple phase separation. Hydrogen-
ation can be carried out withcut further pretreatment.
However, it is also possible to free the aldehydes
beforehand from accompanying by-products by distillaticn.
The addition of hydrogen is carried out in a known manner
in the presence of catalysts. Suitable examples are
hydrogenation catalysts based on nickel, chromium or
copper. Comnventionally, the hydrogenmation temperature is
between 100 and 180°C and the pressure is between 1 and
10 MPa. For purification, the alcohels are distilled.
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-4- proportion of ol ef i ¥#gki WHRGHENIRARY i on product may be up to

approxi mately 70% w th the predom nant conpounds being unbranched and
having from5 to 18 carbon atoms in the nolecule and a term nal double
bond. The conponents S of the re‘ac9t|on m xture are separated from one
another [ n a conventi onaha’mann d| stiJlatjon. The latter may be

f ol | oned *B§¥a2FPnESBEFAAHMEYt P‘dﬁ“-?’e 8PS| TR RASARRLI CORARARISLR n hi gh
purity. phtheldeplanidrenched hpdch axﬂbeaSBﬁnuéﬁdSﬁBa@mﬁﬁtiJ0n1their

?I;EI?IC)?E %Pa%gbﬁ%&ﬂdi érrglr Vlrél‘%‘f%J gfcilég gg%ﬁ%ﬁ‘@ﬁ’%%&?@ ARY be carried

out undeestemdluvbzacamitisch ensure

5 The following example illustratesz the process according
to the invention but does not limit it.

Example

Experiment 1: Hydroformylation
A 1l 1 autoclave is charged with

10 185 g of an olefin mixture from the Fischer-
Tropsch synthesis containing predomi-
nantly n-nonenes, and, as catalyst,

550 g of an aqueous sclution containing 66 mol%
of trisodium tri(m-sulfophenyl)phosphine
15 and 33 mol% of tri(trimethyltetradecyl)-
ammonium tri (m-sulfophenyl) phosphine,
together with

S.44 nml of rhodium acetate solution (rhodium con-
centration: 20.21 g of Rh/l), correspon-
20 ding to a content in the combined solu-
tions of 80 mmol of P(III) and 200 ppm by

weight of Rh

and, for adjusting the pH to about 6,

27.5 g of a buffer sclution comprising 10 mol of
25 ' Na acetate and 1 mecl of glacial acetic
acid per liter of solution.

The autoclave is flushed with nitrogen a number of times
to remove oxygen. Synthesis gas (volume ratio CO/H, =
1l:1) is then passed inte the mixture at a pressure of
30 2.5 MPa and at 125°C with stirring. The reaction is

2
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that strai ght-chain alﬁehya@§uave“fbﬁned Consequgently, the carbonyl group
must. be directed to the termnal 15 carbon atom of the olefin nolecule
and,” in addition, the double bond st retain its position in the nolecul e,

under the reaction conditions, iTet@it may not nove fromthe term nal ;
positiop to.a t hi he nD ular | ion to this !
pr obl enfeFPIRY eérﬁggﬁrwé B, SltP?l?: %/V%Lﬁs[ gtﬁte @ﬁ‘ei’ig unsat ur at ed
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as the 5emaaneouscphaged Phe repeatisy $heurieastiopnmainmmber ©fe r hodi um
conpoungd; 40¢ wate' ehiel Bbhe LRLSPPLECsolution.

Experiment 2: Hydrogenation
The crude product obtained according to Experiment 1 is
hydrogenated in an autoclave with hydrogen in the ,
presence of 2% by weight (based on the crude product) of
10 a commercial nickel catalyst (60% by weight of Ni on
kieselguhr as support) for 3 h at 8 MPa and at 150°C.
When the reaction has ended the reaction vessel is cooled
and let down, and the product is separated off from the
catalyst. . ‘

15 Experiment 3: Purification of the crude alecohol
The crude alcohol from Experiment 2 is distilled ina 1 m
column which is filled with 3 mm coils of stainless (VA) l
steel. An initial £fraction is taken off at a head temper-
ature of 93°C and a pressure of 6.7 kPa, and an inter-

20 mediate fraction at 145°C and 6.7 kPa. The main fraction
(26% by weight of the crude alcohol employed) is obtained
at a head temperature of 147°C and a pressure of §.7 kPa.
The alcohol econtained in the crude product is 99.7%.

Expeziment 4: Esterification of the pure alcohol
25 2.3 mol of the isodecanocol from Example 3 are reacted with
1 mel of phthalic anhydride at 135°C in the presence of §
6 mmol of concentrated sulfuric acid, with the simul- :
taneocus removal of the water of reaction as an azeotrope
with c¢yclohexane. When the reaction has ended, the
30 gsulfuriec acid is neutralized with 5% strength sodium
hydroxide solution, and excess alcohol is separated off
by steam distillation at 135°C and 1.5 kPa. The residue
is dried with nitrogen at 135°C and a pressure of from 2
to 3 kPa and then filtered. The estér is obtained as a
35 clear liquid. : .
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The wat er - sol ubl e phosp#iRiiek/iédiioy €8z i n the procedure according to the
i nvention are salts whose anion is formed froma phosphine whi ch contains
at | east one 30 sul fonat ed or carboxyl ated aromatic radical. The term
phosphi ne al so incl-udes those conpothds of trivalent phosphorus in which

t he phos&:\lorus atqmls a C onent, of a heterocycljc ring. The aromatic
radi cal %‘V%’ra Vi 855€Ke PR i h(‘-!’ BOB&s phor us at om

of 35 émmﬂwhtw z@mnﬁlseix@in aronebi 130 athLal S tiecplibatghenyl and the:

napht byl 2 ool o 1NN [ Dol e o PUISHSIFS B 158R0 ated anc
t:.on 15 distinguished by its very low viacosity of

5 64.8 mPa.s (at 20°C), which indicates the high degree of
linearity of the alecohol used.
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-5- -substituted by fur#hEr RGROGES Eoffiat ons or at ons, Such—asatkyt--

hydroxyl and hal ogen (especially fluorine). apart fr es, l
pol yphosphi nes, especi al | )b#eq;pn%gglg,‘%s whi ch co F gl ﬁﬁﬂmge i
sul fonated or 5 car boxyl af di cal, can=+a orsn nion. |
Exanpl es of suitable nonphosphines are the tri phenyl phosphl nenono-, di-

or -trigulfopat88o0bssCaEPX Wil e?re?aEEQiBﬁ' NSF A At 8 er abl y
derived from bjaryl conpouynds of formula Jerr] .10 which are

substituted HpPERRCBLS: Bighem  BRAPRYY SOREFPROIE | RY c HeRFEIRG boxyl ate
(COO) radi collefinishariftl Ned ot mEeAERiQE CHhd ERgarobRar kb igivan i denti cal

or g' fferent aildléﬁlyaes, in liquid phase at temperatures of from
20 to 150°C and pressures of from 0.1 to 20 MPa in
the presence of water and rhodium, in metallic form g

or as a compound, and a water-soluble phosphine as
catalyst, and hydrogenating the aldehydee to give
10 alcohols, which comprises reacting olefins obtained
by Fischer-Tropsch synthesis and having from 6 to 20
carbon atoms in the molecule, or mixtures of 2 ox
more such olefins, in the presence of water-soluble ;
galts whoge anion is a phosphine containing at least '
15 one sulfonated or carboxylated aromatic radical and
whose cation or catiomns, corresponding to the charge
on the anion, is or are one or more ioms of the
formula

in which 2 is nitrogen or phosphorus, A is an alkyl ;

20 or avralkyl radical having from 7 to 18 carbon atoms i
and B, C and D are straight-chain or branched alkyl
radicals having from 1 to 4 carbon atoms.

2. The process as claimed in claim 1, wherein the anion
of the water-soluble salt is derived from a mono- |

25 phosphine containing at least one sulfonated or
carboxylated aromatic radical.. ;

3. The procegs as claimed in claim 1, wherein the anion ' ;
of the water-soluble salt is derived from a diphos- :
phine containing at least cne sulfonated or carboxy-

30 lated aromatic radical. ‘

This Sheet Has Been Replaced
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cycloal kyl, phenyl, tol§ik SVHRABHENSAR radical, Rlerr] in identical or
different and in hydrogen, an alkyl or 15 alkoxy raﬂu' ' 1 tq
14 carbon atons, or is a cycloalkyl, aryl or aroxy ra ﬂ," '"maﬂ 6 td
14 carbon atons, or a fused-on ben?eﬁe ring, mis |dent|cél br Wi s erent

and, is,an |¥%§ er fromO t s Likew se thaI di fferent

and is &h in r??%ﬁ?Oa'i(Fcﬁ'ajt’%ecﬂ%qDPB\?eﬁrr%ﬁfﬁs :'bg"at his class of:
conpound are3thwhprednc&&eomm@ﬁmuathﬁ suikmnammuﬂaabdZQEOﬂmtic

di phenyl ph bi di_;
éh;ﬁyﬁgﬁogpﬁ?ﬁgﬁg ¥%) Pm%l napﬁ%ﬁny&%ﬁéﬁi 2 : %zgf l'“'*tar?e ﬁ' on of a

heterocycllcrﬁﬂBSEEQFus conpound which can 25 be mentioned is i
3, 4-di et hyl - ,6-tris (p-sul fonato- phenyl)-1-phosphanorbornadi ene. :

5 5. The process as claimed in one or more of claims 1 to
4, wherein the sulfonated or carboxylated aromatic

radicals are substituted by further groups of atoms
or atoms, especially fluorine.

6. The process as claimed in one or more of claims- 1, ?
10 2 and 4, wherein the anions are triphenylphosphine
mono~, di- or -trisulfonates or -carboxylates.

7. The process as claimed in one or more of claims 1,
3, 4 and 5, wherein the anions are biaryl compounds,
substituted by at least one sulfonate radical or

is carboxylate radical, of the £ormula
1l 1
(R™) P
2P\ /’P(R )2
(H2C) (cs2 o
<§ > T
(r? )n n

in which at each occurrence, R! ig am identical or
different alkyl, cyelocalkyl, phenyl, tolyl or
naphthyl radical, R® ig identical or different and
is hydrogen, an alkyl or alkoxy radical having from
20 1l to 14 carbon atoms, or is a cycloalkyl, aryl or
aroxy radical having from 6 tc 14 carbon atoms, or
iz a fused-on bénzene ring, m is identical ox
different and is an integer from 0 to 5, and n is
likewise identical or different and is an integer
25 from 0 to 4.

8. The process as claimed in claim 7, wherein the znion
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An a cation, the saltsWiRdntHREKEYIEGFR esponding to the charge on the anion -

at least one ion of the fornula -6- [err] in whi mﬂ i ' r
phosphorus, A is an alkYl or aralcyl radical havi ng Hluﬂu"ml’m!ﬂmrbon
atonms and B C and D are straight-thaim or branched al*kyl® raditals Having

from1l to 4 carbon atong. .5 Ex les of cations of fhe structure
ment i oned whit&h %P%ai%?n%aﬁﬂye FB}E%F’;/‘?%QC’Sutz{%e‘]?&ﬁ/ ipherel

D.£0

trimet hyl oet phagphineme thiyili) Fat, by -BagReyiya sy 2"Mbid (diphenyl-

10.

- 10

phosgphinomethyl) -1,1/-binaphthyl.

The process as claimed in one or more of claims 1.,
2 and 4, wherein the anion is 3,4-dimethyl-2,5,6-
tris (p-sulfonatophenyl) -1-phosphanorbornadiene.

The process as claimed in one or more of claims 1 to
9, wherein the cation iz a trimethylcetylammonium,
trimethyldodecylammonium, tributyldodecylammonium,
dodecylethyldimethylammonium, triethylbenzyl-
ammonium, trimethyltetradecylphosphonium or tri-
butylhexadecylphosphonium ion.

This Sheet Has Been Replaced

AT

'S are the




22.FEB.19%6 14:28 HOECHST ARG WERK RUHRGAEMIE FPR tNR. 427 s.9

bthIdodecyIannDniuwn¥ERKd§ﬂé@ﬁﬁéiﬁyidinethylannnniun1 |
triét hyl benzyl amoni um trimethyltetradecyl phosphoni um 10 and ]
t ri-but yl hexadecyl phosphoni umi ons. The oni um conpounds used as a catal yst !
.. donponent--accord- ing to the novel process pronpte the solubility of the |
_organic substrate in the aqueous phase and hence contri- bute to increasing
the degree of conversion. Their 15 Frzaukfawt,yDesaeberub®ril992n the

organi c phase means that they thenselpesmerangdine mapbal/ygeaponent of the
catal yst system are discharged fromthe reaction zone with the reaction,

product either not at all or only in an anmount which is so snall as to be
negligible. It is therefore 20 unnecessary for working up to include a

|
separate gl LR ALESONSLYe Pl S LBQEL U110 Y LG ALALMOSrasn 80
Abstrack .

For the preparation of predominantly unbranched higher
primary alcohols, olefins £rom the Fischer-Tropsch
synthesis are reacted with hydrogen and carbon monoxide
in the presence ¢of water and rhodium, in metallic form ox
as a compound, and a water-soluble phosphine as catalyst.
The reaction product obtained is hydrogenated. The water-
soluble phosphines employed are compounds whose anien is
a phosphine containing at least one sulfonated or carb-
oxylated aromatic radical and whose cation is a quater-
nary ammonium or phosphonium ion.

This Sheet Has Been Replaced
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It is pél".tioui;ar by b nrpﬁ)rtanb what 3.when using the «Nater- sql ubl £ phosphl nes;
"in the pv’m:edm;e cl gizoe0 tihes lef«J ns enpl oyed in gaccor dance \Mthut he. ... 4
i nvent i an are i@ 0s:c25..... fiopmukated wi th high activity. and 'S8l ectivi ty, o
Wi th thesstrdgture. 9.4 he rgacrted hydrqcar bons beuig mal nt ai; ned_,,; 55 € .. o] =
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The invention relates to a process for the preparation of
predominantly unbranched higher primary alecchols by
hydroformylaticn of olefins from the Fischer-Tropach

synthesis in the presence of water-goluble rhodium
complex compounds ag c¢atalysts.

Higher, i.e. containing from 6 to 20 carbon atoms,

unbranched primary alcchols are extensively used as
intermediates in the chemical industry. For instance, C,
to Cj~alcohols are esterified with phthalic acid to
produce plasticizers distinguished by good low-
temperature flexibility. Sodium salts of n-alkyl sulfates
vhich are obtained by esterification of concentrated
gulfuric acid with unbranched fatty alcochols, are bio-
logically degraded and have comsequently acquired great
importance as environmentally compatible
detergents. Esters based on

10

15

synthetic
straight~chain primary
alcohols with branched dicarboxylic acids are valuable
20 lubricants which are used,

in particular, in alrcraft
engines.

The posgibilities given above by way of example for using
straight-chain primary alcohols explain the great
interest in processes for their preparation which start
from inexpensive raw materials and which can be carried
out with great technical simplicity. A further require-
ment is that strajght-chain feedstocks are not isomerized
in the course of the preparation process and that, where

it is possible for secondary and/or tertiary alachols to
form alongside primary alcchols,

given primary alcochols.

25

30 clear preference is

In accordance with DE-C-2 855 421, the preduction of

dinonyl phthalate plasticizers employs C,-alcohols which
have been prepared by dimerization of butenes in the pre-
sence of organcaluminum compounds as catalysts, to give
an octene mixture which is subsequently hydroformylated.

35

<% - .. Thisis the replacement sheet

““Date: 2 8 DEC 1936



. branched compounds in the end product. The preparat-i on—of —the sal“‘f"‘s"""’Used I n
the process clained is known. The starting materia

- | gtI—BpﬁéQh & or
phosphor us heterocycl e containing sul fonated or car
radicals . The incorporation of the sul fonate radical t by

establ i shed nethods, by treat- ing the starting conpo m By

varying the reaction conditions, in parbigular the reacti on t| rre the 10
reaction tenperature and the ratio of phosphorus conmpound to sul fur

trioxi Flle OIt hpyd f@fmqqt hfgaaat 0@ aofbdef&estﬁrddt%nqoga%gd%o%g%ngg .
ntrolle r e or u can obt ai

\C/grl ety of rogt%é'g’ ?%x Qﬁgez?gtqeﬁﬁ'r&) é'{}t}%%\t(,e f@% 5&’? with

car bonyl hal dewwnparfhemimholﬂ oare obtained which are pro-

cessed further by the process of EP-A 0 366 089 to give
5 esters of phthalic acid.

Another route to obtaining didecyl 'ﬁhthalate mixtures is
described in EP-A-0 424 767. The esters are prepared in
a multistage process by dimerization of butene mixtures,
bydroformylation and hydrogenation of the resulting
octene mixture to give a nonanol mixture, dehydration of
the nonanol mixture to form a nonene mixture, and hydro-

formylation and hydrogenation of the nonene mixture to
form a decanol mixture.

10

The known processes still fail to meet all of the
economic and technical demands made on a process carried
out on the industrial scale. For instance, the starting
raterials are not always available in sufficient quantity
or at favorable cost, or their conversion to the desired
strajight-chain alcohols is linked with complex processes.

15

20 The object was therefore to develop a process which

starts from inexpensive raw materials and which produces
& high yield of the desired alcohols by a simple route.

The invention consists in a process for the preparation
of predominantly unbranched higher primary alcohols by
reacting olefins with carbon monoxide and hydrogen to
give aldehydes, in liquid phase at temperatures of from .
20 to 150°C and pressures of from 0.1 to 20 MPa in ' the
presence of water and rhodium, in metallic form or as a
compound, and a water-soluble phosphine as catalyst, and
hydregenating the aldehydes to give alcohols. The process
comprises reacting olefins obtained by Fischer-Tropsch
synthesis and having from 6 to 20 carboﬁ atoms in the
molecule, or mixtures of 2 or more such olefins, in t:hé
presence of water-soluble salts whose anion is a phos-
phine containing at least one sulfonated ox carboxylated

25

30
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. Gignard conpounds, by reaction with carbon dioxide._Expediently, the
conpounds initially obtained fromthe reaction product are am ne salts
which are insoluble in water but soluble in organlﬂussﬁbbqrélmﬂﬁenﬂ'dp dar e

subse- 20 quently converted by treatnment with a q;ﬂillll |ﬂ1l M |dum or
or

phosphoni um hydroxide into the desired oniumsalt o

carboxyl ated triaryl phosphi ne. Reactiaon 30f the clefins with hydrogen and
car bon nonoxi de according to the novel” process is carried out at tenpera-

25  tures Ohrbma®i0 iﬁﬂ&@ieéthmudbeoaéiéﬂﬂaBrf rc(&'@igﬁ J&%ﬁpf]c and
at pressures H 0. é& F%O MPa, artl- cylar froml 'to a. The
cat al yst add@% d&'i;%mg &t ﬁrgﬁs?‘%n? ;F‘t?é’”pr Prefire| Pne HF Mage
however, be pi-mrpaloédhhet 1€ camparlla

in which 7 is nit:rog_en or phosphorus, A is an alkyl or

5 aralkyl radical having from 7 to 18 carbon atoms and B,
C and D are straight-chain or branched alkyl radicals
having from 1 to 4 carbon atoms.

The clefins used as starﬁing material in the preparation
of predominantly unbranched higher primary alcohols in
10

accordance with the process claimed are obtained by
Fischer-Tropsch synthesis. This

term refers to the
catalytic hydrogenation of

caxbon monoxide over sgolid
catalysts, which proceeds with the construction of
aliphatic molecular chains. Catalysts which have proved -

is effective are the metals iron, cobalt,

nickel and
ruthenium,

with diron in particular having acquired
importance in practice. The technical implementation of
the aynthesis (cf.. in this respect e.g. Ullmanns
Encyclopédie dexr technischen Chemie [Ullmann’s
Encyclopedia of Industrial Chemistry), 4th edition
(1977), volume 14, pages 329 f££.) involved the develop-
ment of a series of different processea, of which two are
currently in industrial use. In the ®Arge process",
hydrogen and carbon monoxide are reacted in f£ixed-bed

reactors at a pressure of 2.5 MPa and at temperatures of
between 220 and 225°C;

20

25

the "synthol process" operates
with entrained-bed reactors at 2.3 MPa and 320-340°C.

Izrrespective of the proceas used, the Fischer-Tropsch

synthesis is not very selective, but yields mixtures of
complex composition which contain saturated and unsatu-
rated hydrocarbons of different molecular size, alcohols
and, in addition, aldehydes,

30

ketones and acids. The
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30 success fromthe conponents - the rhodi umor rhodi um conpound azd the
" aqueous solution of the quaternary amoni um or phosphonium salt of the
phosphi ne contai ni ng sul fonated or carboxylated aromic radicals - under
reaction conditions in the reaction mxture, i.e. in the presence of the
olefins. In addition to netallic rhodiumin finely divided form the
rhodi um source enpl oyed nay al so conprise water-soluble rhodi umsalts such
as- rhodi um chl oride, rhodi um sul fate, Th&drum acetate, or conmpounds 5

Somouds cuokEBRbEEIEd. 8e 8ERiAR LROUhU-EaBLRNh pHEXGNONSy BL LSO VP!
to approximately 70%, with the predominant compounds

being unbranched and having from 5 to 18 carbon atoms in

the molecule and a terminal double bond. The components

of the reaction mixture avre separated £rom one another in

a conventional manner by distillation. The latter may be

followed by a fine purification to obtain individual

compounds in high purity. For example, branched hydro-

carbons may be separated £rom their straight-chain

10 isomers via urea inclusion compounds.

The hydrofo}r.mylation of the olefins obtained as described
above must be carried out under conditions which enaure
that straight-chain aldehydes are formed. Consequently,

. the carbonyl group must be directed to the terminal
15

carbon atom of the olefin molecule and, in addition, the

double bond must retain its position in the molecule

under the reaction conditions, i.e. it may not move from

the terminal position to a position within the molecular

chain. As a solution to this problem, it has proved
10

particularly suitable to react the ungaturated compounds
with carbon monoxide and hydrogen in a liquid two-phase
system which comprises, as the organic phase, the olefin,
which may be dissolved in an organic solvent, and ‘the
reaction product which is being formed and, as the
.5 aqueous phase, the catalyst solution containing the
rhodium compound and water-soluble phosphine.

The water-soluble phosphines employed in the procedure
according to the invention are salts whose anion is -
formed from a phogphine which contains at least one
sulfonated or carboxylated aromatic radical. The term
phosphine also includes those compounds of trivalent
phosphorus in which the phosphorus atom is a component of
a heterccyclic ring. The aromatic radical can be attached
directly or via other groups to the phosphorus atom of
- 35 the phosphine. Examples of aromatic radicales are the
phenyl and the naphthyl radical. They may be mono- or
polysulfonated or -carboxylated and may in addition be

30
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The rhodi um concentration in the aqueous catalyst solu- tionis from10 to
2000 ppm by wei ght, based on the solution. The quaternary anmoni um or
phosphoni um salt of 10 t he sul fonated or carboxyl ated phosphine is

enpl oyed in an anmount such that from1 to 1000 nol, preferably from2 to

300 nmol, of phosphine conpound are present per nole of rhodium The pH of
the aqueous catalyst solution should no§ be 15 | ess than 2. The solution

is generally adjusted to a pHof from2 to 13, preferably from4 to 10. The
conposi ti on sibatitwled thyi fuxfimr igraupd [of ndtoms ok stohen avebxade {0

hydrogen, capmpglvak i fu:m aﬁéd ”@ési:eci*&il%y QEQSéiﬁeﬂaSAEEQGV ally
enpl oyed is he v

gne In ol une rath carbon nonoxide_to
hydrogen is monop osp nes, polyp osphines. especially

diphosphines, which contain at least one sulfonated or
5 carboxylated aromatic radical, can also f£orxm the anion.
Examples of suitable moncphosphines are the txiphenyl-
phosphinemono-, di- or -~trisulfonates or '-carhoxyiates.

Diphosphine anions are preferably derived £rom biaryl
compounds of the formula

1 1
(R™)
2?\ | /pm )y
(B,C) - temyy

TN /N
o w

2 2
(R
) R%)

L]

10 which are substituted by at least one sulfonate (S0,7)

radical or carboxylate (CCO") radical. In the formule, at
each occurrence, R is an identical or different alkyl,
cycloalkyl, phenyl, tolyl or naphthyl radical, R® is
identical or different and is bhydrogen, an alkyl oz
alkoxy radical having from 1 to 14 carbon atoms, or is a
cycloalkyl, aryl or aroxy radical having from 6 to 14
carbon atems, or a fused-on benzene ring, m is identical
or different and is an integer from 0 to 5, and n is
likewise identical or different and is an integer from 0
20 to 4. Proven representatives of this clase of compound

are the products obtained by sulfonation of 2,2’-bis-

(diphenylphosphinomethbyl) ~1,1’-biphenyl or 2,2’-bis(di-

phenylphosphinomethyl) 1,1/ -binaphthyl. One example of

the anion of a heterocyclic phosphorus compound which can

25 be mentioned 3is 3,4-dimethyl-2,5,6-tris(p-sulfonato-
phenyl) -1-phosphanorbornadiene.

15

As a cation, the salts contain - corresponding to the

charge on the anion - at least one ion of the formula

H 1 » Sy e h el *
g 1ne repiacement el 1
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1:1, or one which deviates only slightly fromthis value. The reaction can
be carried out either batchw se or continuously. The hydrofornylation

m xture is separated from the 25 catal yst solution by sinple phase
separation. Hydrogen- ation can be carried out wthout further

pretreatnent. However, it in also possible to free the al dehydes beforehand
from acconpanyi ng by-products by distillation. The addition of hydrogen is
carried out in a known nmanner 30 in<He presence of catalysts. Suitable
exanpl es are hydrogenation catal ysts based on nickel, chrom um or copper.

Conventional ly, the hydrogenationftenperatureyi€ between 100 and 180[err]C
and the pressure i s between 1 and| 10 I\/Pa/FB)r purification, the al cohols
are distilled.
A~2-~-C¢C
N D

in which 2 is nitrogen or phosphorus, A is an alkyl or
aralkyl radical having from 7 to 18 carbon atoms and B,

C and D axe straight-chain oxr branched alkyl xradicals
having £rom 1 to 4 carbon atoms.

Examples o0f cations of the structure mentioned which are
suitable for carrying out the novel process are the
trimethylcetylammonium, trimethyldodecylammonium, tri-
butyldodecylammonium, dodecylethyldimethylammonium,

triethylbenzylammonium, trimethyltetradecylphosphonium
‘10 and tributylhexadecylphosphonium ions.

The onium compounds used as a catalyst component accord-
ing to tke novel process promote the solubility of the
organic substrate in the agueous phase and hence contri-
bute to increasing the degree of conversion. Their
extremely low solubility in the organic phase means that
- they themselves, and the metal component of the catalyst
system, are discharged from the reaction zone with the
reaction product either not at all or only in an amount
which is so esmall as to be negligible. It ig therefore

unnecessary for working up to include a separate step for
recovery of rhodium from the aldehyde.

15

20

It is particularly important that, when using the water-
soluble phosphines in the procedure claimed, the olefins
employed in accordance with the invention are hydro-
formylated with high activity and selectivicy, with the
structure of the reacted hydrocarbons being maintained,
i.e. iscmerization occurs not at all or only to an
ingignificant extent. In addition, the effect of the
phogphines 4isg that almost exclusively terminal olefins
are hydroformylated. The separation effect achieved by

25

30
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.They are especially suitable as the al cohol
esters which are to be used as plasti- cizers, and for the production of
al kyl aul fonates and ester lubricants. 5

t he process according to the invention but does not
Exprinment 1: Hydrofornylation A 1 1 autoclave is charged with 10

9 .
pr edoni -

10

15

20

25

30

conponent in phthalic acid

The foll owi ng exanple illustrates

limt it. Exa

this resgults in a further reduction in the proportion of
branched compounds in the end product.

The preparation of the salts used in the process claimed
is known. The starting materials are phosphines oz
phosphorus heterccycles containing sulfonated or caxhoxy-
lated aryl radicals. The incorporation of the sulfonate
radical is carxied out by established metheds, by treat-
ing the starting compounds with oleum. By wvarying the
reaction 'conditions, in particular the reaction time, the
reaction temperature and the ratio of phosphorus compound
to sulfur trioxide, the degree of sulfonation of the
starting compounds can be controlled.

The carboxylated phosphorus compounds can be obtained by
a variety of routes, for example by reacting the basic
structures with cé.:bonyl halides and, .in particular, wvia
Grignard compounds, by reaction with carbon dioxide.

Expediently, the compounds initially cbtained £rom the

reaction product are amine saltz which are ingoluble in
water but sgoluble in organic solvents. They are subse-
quently converted by treatment with a quaternary ammonium
or phosphonium hydroxide into the desired onium salt of
the sulfonmated or carboxylated triarylphosphine.

Reaction of the olefins with h.ydrogen and carbon monoxide

accoxrding to the novel process is carried out at tempera-

tures of from 20 to 150°C, in particular from 50 to

120°C, and at pressures of from 0.1 to 20 MPa, in parti-
cular f£from 1 to 10 MPa.

The ocatalyst added to the reaction system may be

preformed. It can also, however, be prepared with equal

success £rom the components - the rhodium or zrhodium
compound and the aquecus solution of the quaternary
ammonium oxr phosphonium salt of the phosphine containing
sulfonated or carboxylated aromtic radicals - wunder
reaction conditiong in the reaction mixture, i.e. in the

npl e

of an olefin mixture fromthe Fr.sther- Tropach synthesis containing

185
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~nantly n-nonenes, and, as catalyst, 550 g of an aqueous sol ution
containing 66 nol % of trisodiumtri (msulfophenyl)phosphbie 15

and 33 nmol % of tri(trimethyltetradecyl)- amonium tri (m sul fophenyl)

phosphi ne, together with 5.44 ni of rhodi um acetate solution (rhodi um

con- centration: 20.21 g of Rh/1), correspon- 10 ding to a

content in the conbined solu- tions of 80 mml of P(II1) and 200 ppm by

wei ght of Rh and, for adjusting the pH t® about 6, 27.5 g of a buffer
solution co

gl aci al ace?%rés&gcéoogoéhg olzef:.ns. In addition to a\gggiﬂ.c za'lg l of
in finely divided form, the rhodium gource employed may
also comprise water-soluble rhodium salts such as rhodium

chloride, rhodium sulfate, rhodium acetate, or compounds

5 soluble in oxrganic media, such as rhodium 2-ethyl-

hexanoate, or insoluble compounds such as rhodium oxides.

The rhodium concentration in the aqueous catalyst solu-
tion is from 10 to 2000 ppm by weight, based on the
solution. The quaternary ammonium or phosphonium salt of
the sulfonated or carboxylated phosphine is employed in
an amount such that f£rom 1 to 1000 mol, preferably £rom

2 to 300 mol, of phosphine compound are pregsent per mole
of rhodium,

i0

The pH of the aqueous catalyst solution should not dbe

less than 2. The solution is generally adjusted to a pE
of from 2 to 13, preferably from 4 to 10.

15

The composition of the synthesgis gas, i.e. the ratio of
carbon monoxide to hydrogen, can be varied within broad
limits. The synthesis gas generally empioyed ig one in
which the volume ratic of carbon monoxide te hydrogen is
1:1, or one which deviates only slightly from this value.

20

'rhe reaction can be carried out either batchwise or
continuously.

The hydroformylation mixture is separated from the
catalyst solution by simple phase separation. Hydrogen- .
ation can be carried out without further pretreatment.
However, it is also possible to £ree the aldehydes
beforehand from accompanying by-products by distillation.
The addition of hydrogen is carried ocut in a known manner
30 in the presence of catalysts. Suitable examples are
hydrogenation catalysts based on nickel, chromium or
copper. Conventionally, the hydrogenation temperature is
baetween 100 and 180°C and the pressure i8 between 1 and
10 MPa. For purification, the alcochols are distilled.

25
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~acid per liter of solution. The autoclave is flushed wth nitrogen a nunber
of tinmes to renove oxygen. Synthesis gas (volunme ratio COHerr]= 1:1) in
then passed into the m xture at a pressure of 30 2.5 MPa and at 125[err]C
with stirring. The reaction is - 10 - termnated after 6 h, the
autoclave is | et down, and the organic phase (reaction product) is renoved
via a dip pipe and anal yzed. The conversion of olefin is 85% and renains
unchanged on repeating the reaction a“nénber of 5 times with the sane

catal yst sol Jﬂfx'e?”’are especially suitable as the alcohol component in
phthalic acid esters which are to be used as plasti-

cizerg, and for the production of alkylsulfonates and
ester lubricants. '

5 The following example illustrates the process according
to the invention but does not limit it.
Example
Experiment 1: Bydroformylation
A 1 1 autoclave is charged with
10 185 g of an olefin mixture €£rom the Fischer-
Tropsch synthesis containing predomi-
nantly n-nonenes, and, as catalyst,
550 g of an aqueous solution containing 66 mol%
of trisodium tri(m-sulfophenyl)phosphine
15 and 33 mol% of tri(trimethyltetradecyl) -
ammonium tri (m- sulfophenyl)phosphine,
together with
5.44 nl of rhodium acetate solution (rhedium con-
centration: 20.21 g of Rh/l), correspon-
10 ding to a content in the combined solu-
tions of 80 mmol of P(III) and 200 ppm by
weight of Rh
and, for adjusting the pH to about 6,
27.5 g of a buffer solution comprising 10 mol of
25 Na acetate and 1 mol of glacial acetic
acid per liter of solution.
The autoclave is flushed with nitrogen a number of times
to remove oxygen. Synthesis gas (volume ratic CO/H, =
1:1) 4is then passed into the mixture at a pressure of
30

2.5 MPa and at 125°C with Btirring. The 7reaction is

T 1= 4b, o Y v ach Y '3
Theg 12 ihe reRIgRamant §haed
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, Paer &ent 2: Hydrogenation The crude product obtained according to
Experinent 1 is hydrogenated in an autoclave wth hydrogen in the
presence of 2% by wei ght (based on the crude product) of 10 a comer ci al
ni ckel catal yst (60% by wei ght of Ni on kieselguhr as support) for 3 h at 8
MPa and at 150[err]C. Wen the reaction has ended the reaction vessel is
cool ed and | et down, and the product é separated off fromthe catal yst. 15
Experi ment 3: Purification of the cridé%l‘cohol The crude al cohol from

Experi ment Zedgndhatld | eebds @ n, gﬁhef utHe

ch J [ coils
of stainles %!QF/A steel. An ini t| g'\#qdesqtsla g% g rﬁé&héé%nq enper -
ature of 93| anpbasg, drepction @rodyat) ke zZempwedr via a dip

pipe and analyzed. The conversion of olefin is 85% and

remains unchanged on repeating the reaction a number of
S times with the same catalyst solution.

ariment 2: Hydrogenation
The crude product obtained according to Experiment 1 is
hydrogenated in an autoclave with hydrogen in the
presence of 295'by weight (based on the crude product) of
a commercial nickel catalyst (60% by weight of Ni on
kieselguhr as support) for 3 h at 8 MPa and at 150°C.
When the reaction has ended the reaction vessel is cooled

and let down, and the product is separated off from the
catalyst.

10

15 Experiment 3: Purification of the crude alcohol

The crude alcohol from Experiment 2 is distilled ina il m
column which is filled with 3 mm coils of stainless (VA)
steel. An initial €£raction is taken off at a head temper-
ature of 93°C and a pressure of 6.7 kPa, and an inter-
mediate fraction at 145°C and 6.7 kPa. The main fraction

(26% by weight of the crude alcochol employed) iz obtained
at a head temperature of 147°C and a pressure of 6.7 kPa.
The alcohol econtained in the orude product is 99.7%.

20

Experiment 4: Esterification of the pure alcohol

2.3 mol of the isodecanol from Example 3 are reacted with
1 mol of phthalic anhydride at 135°C in the presence of
6 mmol of concentrated gulfuric acid, with the simul-
taneous removal of the water of reaction as an azeotrope
with cyclohexane. When the reasction has ended, the
sulfuric acid is neutralized with 5% strength seodium
hydroxide solution, and excess alecohol is separated off
by steam distillation at 135°C and 1.5 kPa. The residue
is _d.ried with nitrogen at 135°C and a pressure of from 2

to 3 kPa and then filtered. The ester is obtained as a
35 clear liquid.

25

30
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.20 medi ate fraction at 145[err]C and 6.7 kPa. The main fraction (26% by
wei ght of the crude al cohol enployed) is obtained at a head tenperature of
147[err] C and a pressure of 6.7 kPa. The al cohol contained in the crude
product is 99.7% Exprinment 4: Esterification of the-pure al cohol 25 2.3
nmol of the isodecanol from Exanple 3 are reacted with 1 nol of phthalic
anhydride at 135[err]C in the presence fi 6 mmol . of concentrated sulfuric
acid, with the sinmul- taneous renoval - the water of reaction as an

azeot rope h

sﬁl furi (F:) a\(lzv: gal tsé%ut ra ze(f Eaﬁmég/gé? ﬁ%%]og?afngﬂggggﬁ%dgv SOl Ut i on,
and excess aV&égREFity §é§a?8f€li bﬁ‘fst“E?&a oL 30i PPatFonan pBFkET | C and
1.5 kPa. Thechgerdptoducdd Adivg khei hileghblahcdsbdthy] €o ke B i@ssure of

from2. tion is distinguished by its very low viscosity of
5 64.8 mPa.s (at 20°C), which indicates the high degree of
linearity of the alcohol used.
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to 3 kPa and then filtered. The ester
In conparison to commercial ester
20[err] Q) is from 120 to 130 nPa. s,

the plasti- cizefhiph eqfeplaced he
al cohol according to the inven- tion _il-\%_di sti ngui sheo1 “Ml“ tﬂ? ﬁow
viscosity of 64.8 =Pa.s (at 20[err] O, I ch indicates ee of
linearity of the al cohol

used. Patent Claims

I's obtained as_a.35 .._.clear.liquid.
pl astici zers whose vbiscosity (at

1. A process for the preparation of predominantly

unbranched higher primary alcohols by reacting
olefins with carbon monoxide and hydrogen to give
aldehydes, in liquid phase at temperatures of from
20 to 150°C and pressures of from 0.1 to 20 MPa in
the presenace of water and rhodium, in metallic form
or as a compound, and a water-soluble phosphine as
catalyst, and hydrogenating the aldehydes to give
alcohols, which comprises reactig'xg olefins obtained
by Fischer-Tropsch syanthesis and having £rom 6 to 20
carbon atomsz in the molesule, or mixtures of 2 ox
more such olefins, in the presence of water-soluble
salts whose anion is a phosphine containing at leagt
one sulfonated or carboxylated aromatic radical and

whose cation or cations, corresponding to the charge
on the anion,

formula

10

15

ig¢ or are one or more ions of the

in which Z is aitrogen or phosphorus, A is an alkyl
or aralkyl radical having from 7 to 18 carbon atomsn

and B, C and D are straight-chain or branched alkyl
radicals having f£rom 1 to 4 carbon atoms.

~0

The process as claimed in claim 1, wherein the anion
of the water-soluble salt is derived from a mono-
phosphine containing at least one sulfonated ox
carboxylated aromatic radical.l

25

The process as claimed in claim 1, wherein the anion
of the water-soluble salt is derived from a diphos-

Phine containing at least one gsulfonated or carboxy-

30 lated aromatic radical.

S ULE TEIBGRMENT Bivag!
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12 - PATENT CLAI M5 1. A process for the preparation of predom nantly
unbranched primary decanols for reacting isoneric nonenes wth carbon
nonoxi de and hydrogen to give isoneric decanals, in liquid phase at
tenperatures of from20 to 150[err]C and pressures of fromO0.1 to 20 MPa in
the presence of water and rhodium in-33- netallic formor as inorganic
or organi c conpound, and a water-sol ubl e phosphi ne as catal yst, and
hydrogenating the decanals to give decanols, which conprises reacting
| soneri c nopenes ol Frdeiddd) afl aththad! MRSGHe VLRGN Be presence of
eas

wat er - sol ubl e salts Whose anion 1Is ne. contalnln one
sul fonated or caroXReReir a?‘b?raf?kf?‘gﬂ?%‘gl °’énﬂa’€hﬁ’§l§1%'é?¢ WW&@"

cations, correspaaiiuals tire dhy ganion har@ni phenkl ObrarfapREnhPl NOre
i ons of the for”ﬂ&ﬁaiéﬁi&.

-] 5. The process as claimed in one or more of claimsg 1 to

4, wherein the sulfonated or carboxylated aromatic

radicals are substituted by further groups of atoms
or atoms, egpecially fluorine.

6. The process as claimed in one or more of claims 1,

2 and 4, wherein the anions are'nriphenylphoéphine
mono=, di- or -trisulfonates or -carboxylates.

10

The process as claimed in ocne or more of claims %,

3, 4 and 5, wherein the anions are biaryl compounds,

substituted by at least cne sulfonate radical or
15 carboxylate radical, of the formula

. &by p

: : 1
2\ /P(R )2

(Hzc)m (CH2)m

in which at each occurrence, R! ig an identical ox
different alkyl, ecycloalkyl, phenyl, ¢tolyl or
naphthyl radical, R® is identical or different and
is hydrogen, an alkyl or alkoxy radical having from
1 to 14 carbon atoms, or is a cycloalkyl, aryl oxr
aroxy xradical having from 6 to 14 carbon atoms,
is a fused-on benzene ring, =« is identical
different and is an integer €fxom 0 to 5, and n is

likxewise identical or different and is an integer
25 €rom 0 to 4. '

20

or
ox

The process as claimed in eclaim 7, wherein the anion

I, e e ereeemen e
* ' L M S *
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.in which Z is nitrogen or phosphorus, A is an alkyl or aral kyl radical
having from7 to 18 carbon atons and B, C and D are straight-chain or
branched al kyl radicals having from1l to 4 atons, wherein the rhodium
concentration in the 15 aqueous catal-yst solution is from 10 to 200
ppm by wei ght, based on the sol ution, =t the quaternary anmmoni um or
phosphonium salt of the sul fonated or carboxyl ated phosphine is enployed in
an amount so that from1l to 1000 nol of phosphi ne conpound are present per

n'](c)l ehof r hodi urr} 2g oﬂtam@acla@p_a&lebah&!d?i el 8i, v 1pi Mg ighang e ani on
of the water-solu . sal t. yived fram a, npnophosphi ne ‘cont ai ni ng
at | east one sul f%ﬁ?ﬁ%’%"“&%ﬁﬁ&&‘?’m d ¥ °’Fﬁg2cé$.93§8“9£?ﬂé:l-brocess
as claimed in cl ai phasphinroenethylle-uil ‘orbisfaphithydat er - sol ubl e salt is

derived from a diphosphine containing at | east one sul fonated or

carboxyl ated aro jc radical.
Xy 8 . n&}.‘fxe proclzess as claimed in one or more of clajims 1.,

5 2 and 4, wherein the anion is 3,4-dimethyl-2,5,6-
trig(p-sulfonatophenyl) -1-phosphanorbornadiene.

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

9, wherein the cation is a trimethylcetylammonium,

trimeghyldcdecylamonium, tributyldodecylammonium,

10 dodecylethyldimethylammonium, triethylbenzyl-

ammonium, trimethyltetradecylphosphonium or ¢tri-
butylhexadecylphosphoniun ion.

““IIIl I“I" III" "III " l"l s s the replacement shoet
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4. The process as clained in one or nore of clains 1 to 3, wherein the
sul fonated or carboxylated aromatic radicals in the anion are phenyl or
napht hyl radicals. 5 5. The process as clained in one or nore of clains
1 to 4, wherein the sulfonated or carboxylated aromatic radicals are
substituted by further groups of atod%ﬁ%? atons, especially fluorine. 6.
The process as clained in one or nore of clains 1, 10 2 and 4,

wherei n the apROCESS' FOR' THECPREPARAFIONCOFDPREDOMINANTLYt UNBRANOHBDES oOr
-car boxyl at esHIGHER PRAMARVCALEOHOLEl ai ned i n one or nore of clainms 1,

Abstract

For the preparation of predominantly unbranched higher
primary alcohols, olefins £xrom the Fischer-Tropsch
synthesis are reacted with hydrogen and carbon monoxide
in the presence of water and rhodium, in metallic form or
as a compound, and a water-soluble phosphine as catalyst.
The reaction product cbtained is hydrogenated. The water-
soluble phosphines employed are compounds whose anion is
a phosphine containing at least one sulfonated or carb-
oxylated aromatic radical and whose cation is a quatexr-
nary ammonium or phosphonium ion.




. . . . 16%‘ 0y 10

3, 4 and 5, wherein the anions are biaryl conpouds, substituted f;a% | east
one nmul fenate radical or 15 carboxyl ate radical, of the formula
[err] +.in which at each occurrence, R err] is an identical or different
al kyl, cycloal kyl, phenyl, tolyl or naphthyl radical, Rerr] is
I dentical or different and is hydrogen, an. al kyl or al koxy radi cal having
from 20 ' 1 to 14 carbon atons, or is a cycloal kyl, aryl or aroxy
radi cal havi ng BY dmdgefernyl zbrdsorfarohsteny fmmnctaohusetidon deedzenre ring, m
i s identical orsdlificheb@ntnangdedsltdhgi Bl 8@RYdd MARArbOadd Akdiniescl | kew se
identical or diffgrent.ang.iscan iNL89ET 422 obrained AT L2 pro-

cessed further by the process of EP-A 0 366 089 to give

S esters of phthalic acid.

Another route to obtaining didecyl phthalate mixtures is
described in EP-A-0 424 767. The esters are prepared in
a multistage process by dimerization of butene mixtures,
hydroformylation and hydrogenation of the resulting
10 octene mixture to give a nonanol mixture, dehydration of
the nonanol mixture to form a nonene mixture, and hydro-

formylation and hydrogenation of the nonene mixture to

form a decanol mixture.

The known processes still fail to meet all of the
15 economic and technical demands made on a process carried
out on the industrial scale. For instance, the starting
materials are not always available in sufficient quantity
or at favorable cost, or their conversion to the desired

straight-chain alcohols is linked with complex processes.

20 The object was therefore to develop a process which
starts from inexpensivé raw materials and which produces

a high yield of the desired alcohols by a’simple route.

The invention consists in a process for the preparation ot predominanily
unbranched primary decanols for reacting isomeric nonenes with carbon
monoxide and hydrogen to give isomeric decanals, in liquid phase at
temperatures of from 20 to 150°C and pressures of from 0.1 to 20 MPa in the
presence of water and rhodium, in metallic form or as inorganic or organic
compound, and a water-soluble phosphine as catalyst, and hydrogenating the
decanals to give decanols, which comprises reacting isomeric nonenes
obtained by Fischer-Tropsch synthesis, in the presence of water-soluble salts
whose anion is a phosphine containing at least one sulfonated or carboxylated
aromatic radical and whose cation or cations, corresponding to the charge on

the anion, is or are one or more ions of the formula
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8. The process as clained in claim7, wherein the anion -14- is
obt ai ned by sul fonation of 2,2'-bis(diphenyl- phosphinonethyl) -1,1

- bi phenyl or 2,2' -bis (diphenyl- phosphinonethyl)-1,1"-binaphthyl. 9.
The process as clainmed in one or nore of clains 1, 5 2 and 4,
wherein the anion is 3,4-dinmethyl-2,5 6- triso(p-sulfonatophenyl)

- | - phosphanor bor nadi ene. 10. The process as clained in one or nore of
claims 1 to 9, wherein the cation is a trinethylcetylammoni um

trimet hyl dodecyl ammoni um tri but ylf[dodecyg afironi um

A—Z—C
D

in which Z is nitrogen or phosphorus, A is an alkyl or aralkyl radical having from
7 to 18 carbon atoms and B, C and D are straight-chain or branched alkyl
radicals having from 1 to 4 atoms, wherein the rhodium concentration in the
aqueous catalyst solution is from 10 to 200 ppm by weight, based on the
5 solution, and the quaternary ammonium or phosphonium salt of the sulfonated

or carboxylated phosphine is employed in an amount so that from 1 to 1000 mol
of phosphine compound are present per mole of rhodium.

The olefins used as starting material in the preparation

of predominantly unbranched higher primary alcohols in

10 accordance with the process claimed are obtained by
. Fischer-Tropsch synthesis. This term refers to the
catalytic hydrogenation of carbon monoxide over solid
catalysts, which proceeds with the construction of
aliphatic molecular chains. Catalysts which have proved

15 effective are the metals iron, cobalt, mnickel and
ruthenium, with iron in particular having acquired
importance in practice. The technical implementation of

the synthesis (cf. in this respect e.g. Ullmanns
Encyclopiddie der technischen Chemie (Ullmann’s

20 Encyclopedia of Industrial Chemistry], 4th edition
(1977), volume 14, pages 329 ff.) involved the develop-

ment of a series of different processes, of which two are
currently in industrial use. In the “Arge process”,
hydrogen and carbon monoxide are reacted in fixed-bed

25 reactors at a pressure of 2.5 MPa and at temperatures of
between 220 and 225°C; the "synthol process" operates
with entrained-bed reactors at 2.3 MPa and 320-340°C.
Irrespective of the process used, the Fischer-Tropsch
synthesis is not very selective, but yields mixtures of

30 complex composition which contain saturated and unsatu-
rated hydrocarbons of different molecular size, alcohols

and, in addition, aldehydes, ketones and acids. The

This is the replacement sheet
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10 dodecyl et hyl' di net hyl anmoni um triethyl benzyl - anoni-um
trimethyltetradecyl phosphoniumor tri- butyl hexadecyl phosphoni um i on.

12 -

PATENT CLAIMS

1. A process for the preparation of predominantly unbranched primary
decanals for reacting isomeric nonenes with carbon monoxide and hydrogen to
give isomeric decanals, in liquid phase at temperatures of from 20 to 150°C and
pressures of from 0.1 to 20 MPa in the presence of water and rhodium, in
5 metallic form or as inorganic or organic compound, and a water-soluble
phosphine as catalyst, and hydrogenating the decanals to give decanols, which
comprises reacting isometric nonenes obtained by Fischer-Tropsch synthesis, in
the presence of water-soluble salts whose anion is a phosphine containing at

least one sulfonated or carboxylated aromatic radical and whose cation or

10 cations, corresponding to the chargje on the anion, is or are one or more ions of
the formula
+
B 3
A— Z<C
D

in which Z is nitrogen or phosphorus, A is an alkyl or aralkyl radical having from
7 to 18 carbon atoms and B, C and D are straight-chain or branched alkyl
radicals having from 1 to 4 atoms, wherein the rhodium concentration in the
15 aqueous catalyst solution is from 10 1o 200 ppm by weight, based on the
solution, and the quaternary ammonium or phosphonium salt of the sulfonated

or carboxylated phosphine is employed in an amount so that from 1 to 1000 mol
of phosphine compound are present per mole of rhodium.

2. The process as claimed in claim 1, wherein the anion of the water-soluble
20 salt is derived from a monophosphine containing at least one sulfonated or
carboxylated aromatic radical.

3. The process as claimed in claim 1, wherein the anion of the water-soluble
salt is derived from a diphosphine containing at least one sulfonated or

carboxylated aromatic radical.

Tyl H 1 “ o oyt P .y
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