MY oy REFLALEZD vicmtlo o\3
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corresponglng 3-pentenoat e (the 3- pentenoate is an internally unsaturated
functional'i sed organi ¢ conpound because the C=C-bond is bonded with two
carbon atons on each carbon atom of the C=C portion. 4-pentenoate is in
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separ ati on of ermpally unsaturated fupciio i sed organ conmpound
out of the nifdngeiopaliied n%?q?%/n’a?loc‘?‘t‘ﬁ%‘trﬁgl’r% '{}F%aﬁliﬁ 'te% ?Fﬁcét i onal i sed
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to achie i s describe for I nstanc and al so_a pears from
the | arge nuniisat patent spec1f1cat10n, a process is described the

preparation of a 5-formylvalerate starting from the
corresponding 3-pentenocate (the 3-pentenocate is an
internally unsaturated functionalised organic compound

20 because the C=C-bond is bonded with two carbon atoms on
each carbon atom of the C=C portion. 4-pentenocate is in
contrast a terminally unsaturated functionalised organic
compound). First, the 3-pentenocate is partly isomerized to
the 4-pentenocate. Subsequently, the 4-pentenocate is

25 separated out of the pentenocate mixture, containing mostly
3-pentencate, in a distillation column with 100 separation
stages and at a reflux ratio of 50. Next, the resulting
95-% pure 4-pentencate is hydroformylated with high
selectivity to the 5-formylvalerate in the presence of a

30 rhodium-triphenylphosphine ligand catalyst.

A disadvantage of this known process is that it
is difficult to achieve virtually complete separation of
the terminally unsaturated functionalised organic compound
out of the mixture of terminally and internally

35 unsaturated functionalised organic compounds by
distillation because the boiling points of these isomers
are as a rule close together. That such a separation is
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of separation stages and the high reflux ratio of the distillation colum
referred to above. \Wen such a distillation is ornited the selectivity in
t he hydrofornylation step towards the |inear aldehyde organic conmpound is
yelatively low, resulting in the formation?of a significant amount of the
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us not forming a lineair chain of carbon atoms). The
ratio between linear aldehyde organic compound and the
total of branched aldehydes is referred to as the n/i
ratio. Selectivity is defined as the molar amount of the
specific aldehyde product on the total of aldehyde
products and hydrogenated starting compound. The
20 hydrogenated starting compound (methylvalerate in case of
pentenocate) is the most important byproduct of the
hydroformylation reaction according to the invention.

Accordingly, the object of the present invention
is to provide a process by which linear aldehyde organic

25 compound can be prepared with a high n/i ratio and a high
selectivity.

This object is achieved in that, following the
isomerization step (a), the hydroformylation (b) is
effected in the presence of carbon monoxide, hydrogen and

30 a catalyst which preferentially catalyzes the
hydroformylation reaction of the terminally unsaturated
functionalised organic compound to the linear aldehyde
organic compound, the internally unsaturated
functionalised organic compound remaining practically

35 unhydrofdrmylated, whereupon (c) the linear aldhyde
organic compound is separated out of the mixture and (d)
the remalnder of the ~unsaturated functionalised organic
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_Gonpound-containing mxture is recirculated to the isonerization step (a).
When the preparation of a |inear al dehyde organic conpound is effected in
accordance with the invention, it is found that virtually conplete
.separation of the termnally unsaturated flrmctional i sed organi ¢ conmpound
fromthe mxture | eaving the isonerization step (a) is not necessary for
preparing the linear al dehyde organic conpound with a high selectivity.
This separation of the termnally-.and internall nsat yr.at
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only a fey sepat@ht 0onst fPess afuid | ONEE ¥ Bf t vkl TRidshpliRrsspdati ivh

process accor

ding, to US- A- 1738 is sufficient., Any. jnternally, unsaturated
functionaliseﬁkoeﬁﬁnYﬁr@bﬂﬁﬁgﬁduﬁﬁﬁﬁﬁﬁiﬁ%# #Yﬁ?ﬁ%ﬁ? i AR Unsat ur at ed
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noat ur ot ed. copotichby~BSSFEREY TERE PLERRfud, Ve o A i didd o " Y
ester- carboxgtganici compeundtvitle yrbigh ghkectjoaity. cUnpparParAt IvRe 4
to 30 canhon &t ofRe ESAMPh&SLPL §Hat€$%ékﬁéfi*'&Eb&@ﬁﬂﬂﬂﬂﬂs are 2-but enal

2- but enol ,
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entenpenitril, 3-pentenal, 3-§§n enol and, 4- hexenal .
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foll owi ng chegEtettédrwith.a low separating power. An advantage of

15

20

25

30

35

separation with a low separating power is that the mixture
becomes richer in terminally unsaturated functionalised
organic compounds while the seperation itself does not
have to be very complicated. For example when using a
distillation process with only a few separation stages and
a lower reflux ratio compared to the process according to
US—-A-4801738 is sufficient.

Any internally unsaturated functionalised
organic compound capable of forming a terminally
unsaturated functionalised organic compound through
isomerization is a suitable starting material for the
process according to the invention.

The internally unsaturated compound may be
functionalised with an alcohol-, aldehyde—, ester—,
carboxylic acid- or nitrile group. The organic compound
may have 4 to 30 carbon atoms. Examples of suitable
starting compounds are 2—-butenal, 2-butenol, 3- _
pentenenitril, 3-pentenal, 3-pentenol and 4-hexenal.
Particularly suitable are esters and carboxylic acids
represented by the following chemical formula:

R* - Cc -0 - R?
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-2- where [err] represents a branched or unbranched acyclic hydrocarbon
group having one or nore internal double bonds with 3 to 11 carbon atons
and [err] represents hydrogen atomor an al kyl group with 1 to 8 carbon
atonms or an aryl group or arylalkyl group 4iTh 6 to 12 carbon atons. It is
preferred that [err] is an internally unsaturated hydrocarbon group having
4 carbon atons. These pentenoate or pentenoic acid conpounds are preferred

Starting comgnoEs BCAUSedditd & Wddihdt 'S MUl HALe At F4Lor Yl va.

leric acid can serve as startln mat e I n the prepar
caprol act am REPFSFAEPOR cIERP a%ﬁﬁ%g PR OEmQ%I@W@nG&I&l%m&m&yI

pent enoat es ivwivhi $htéhel aéxwoﬂrm@aéné M@ ontd h9ard atég.
sui tabl e al kyl _group.is.the ethyl-, propyl-, 1soprop ty
i sobutyl - or he? ’&y%r’&ﬁax%mﬁ? o‘ﬂ% EB phot e AR GFtang tQhlan mlenoat es

are aryl pentgnoap esr oargalqllajrkyd;rqsxe@tmtte&d QMfﬂbcfrh%tQﬂQ g?(r)ﬁgpl grt e
aryl al kyl group has fr n_,at,0 su

phgnyl group and a SUI y%f%?{?ggff outp ]Tshémbéﬁ%ﬂ ﬁgé'p The

m xture whi cﬁm»%%wm%ed Havdwamwratmbumdmmg etl aarain rastion .OMIBEEe
conpounds of sdeedddte i St fféi?éé)néjle éé%dnﬁ%dﬁb st dedPegontain

besides the internally unsa ated organic starting conmpoun an anount of

ter- nminally iﬁ&ﬁﬁ{R%u%RWQRRﬁ¢%nE39%H§F(ﬁﬁﬁuﬁ?ﬁQQﬁﬁRﬂuﬁrformylvalerate
Whenst ar &ongfon ripefhemairal dn Sc rdoddircan sd e ey atar 1 Q{?Sln&tte&fﬂdlarﬂd y of

t he 3-penten y anmount s of /or. 4 entenoate
P A& afggi Eﬂ c;é%gﬂa?Fa%ﬁeﬁﬁﬁeﬂ}ﬁﬂf

The pentenoate m e can BHF of
but adi ene.  acid.

Suitable pentenoates are alkyl pentencates in

which the alkyl group has from 1 to 8 carbon atoms. A

15 suitable alkyl group is the methyl-, ethyl-, propyl-,
isopropyl-, n-butyl-, isobutyl- or the cyclohexyl group.
Another group of suitable pentenocates are aryl pentenocates
or arylalkyl pentenoates in which the aryl group or
arylalkyl group has from 6 to 12 carbon atoms. A suitable

20 aryl group is the phenyl group and a suitable arylalkyl
group is the benzyl group.

' The mixture which, besides the recirculated
unconverted unsaturated organic compounds of step (d), is
fed to the isomerization step (a) may contain, besides the

25 internally unsaturated organic starting compound, an
amount of terminally unsaturated functionalised organic
compound. When starting from pentenoate this mixture will
generally consist primarily of the 3-pentenoate and,
optionally, small amounts of 2- and/or 4-pentenoate. The

30 pentenocate mixture can for example be prepared by
carbonylation of butadiene.

The internally unstaturated functionalised
organic compound may be isomerized to the terminally
unsaturated functionalised organic compound in the

35 presence of an isomerization catalyst in any known manner.
Techniques for isomerizing olefins are to be found in for
1nstance. H N. Dunnlng, Ind. Eng. Chem., 1953, 45,
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Fhe internally unstaturated functionalised organic conpound nmay be

I sonerized to the termnally unsaturated functionalised organic conpound in
the presence of an isonerization catalyst in any known manner. Techni ques
f-or isomerizing olefins are to be found=i & for instance: H. N. Dunning, Ind.
Eng. Chem, 1953, 45, 551-564, J.E. Germain, "Catal ytic conversion of

hydr ocar bons". Academ ¢ press, 1969, H Pines, WM Stalick, 'Base

catal yzed re i of drocarhans , r.el,at ed compounds' . Academ c press,
1977, M Orc%csrt‘},_%/. ch'alé)e,mfg‘éb, '?%flazl_yﬁcaﬁgniv TRI9 Bfbert and H.

Rei m i nger, Syrdrumahony70 AckCEE MEssabll@69%okisr PiaesenWell-al ysts may
be subdi vi degsy QTR do A1/ PR ildnS oFO R dr @bl BBnsahAkY St S

Sui tabl e isomerization catalysts are for instance hompbgeneous metal -based
catal ysts i n XAkt WIS "'ond RIS BERFSgarki®d 7or Mor AR DY §dNds
[Capa]bl eI lc<>5| eidadil .ﬁdmm,t qet,hﬁz—osl'/e;aina &ﬁx hxydrr: dmmmpam?nor] f E)r i ]ng[ ]
err]-al kyl com .plexes. es o c talysts .aren [err err err
[err] [err] e’f'g'l[%qerr]' bﬁ’?&?es[l@r'r ]1ggtbdp)ﬁ%% %ﬁ’}—/‘ ﬁ‘é‘%ﬁ?ﬂe[ err] ethyl, acac
= acetyl aceticromex iZBidom cattdlysits may des subdiivideld linted metad lficxed
carrier such Mol Aol rs QA | i conpound such as a
vari ety of zgcq)fﬂl tacg: ’aq{(h ay, ?ﬁq{ac%aﬁénn %aad:%%r}rg%tgg:ra}iy%ﬁ:ssj O her suitable
catal ysts include (noblSaitahls dsamerigation catadyisds REet £0Fat al ysts).

Especi al {§ suidsaliftd WRIderidud) rcilaal-balsed atlale Sts0mR icoablipatabn

3-pent enoateé,&r}ld oC;Pet Ioornatltllb e ZfrPoerngta%nJ'.%atoe otr%anic ligands capable of
either adding to the olefin as hydride compound or forming
ﬁ-alkyl complexes. Examples of such catalysts are: WClg-
Bu,Sn, PAd(OAc), (HOAc=acetic acid), P4d(II), Fe(CO)s,

15 Fe(C0),;, C0,(CO)y, TiCly~Et,Al, VCl,-Et,Al, HCON,(P(Ph),);,
HCo(PPh,);, HCo[P(OPh);],, HRu(PPh,;);C1l, HRu(CO) (PPh,;),Cl,
M(CO),L, (M= Cr, Mo, W), Ni[P(OEt),],/CF,COOH,
K,[HPt(SnCL,)Cl,], MCl, (M= Cr, Mn, Fe, Co, Ni, Cu, 2n,
n=valency), MX,-AlEt; (M= Fe, Co or Ni; X= Cl or acac)

20 where Bu= butyl, Pr= propyl, Ph= phenyl, Et= ethyl, acac =
acetyl acetonate. These catalysts may also be immobilized
on a fixed carrier such as an ion exchanger or a
paracrystalline compound such as a variety of zeolites,
clay, silica and alumina carriers. Other suitable

25 catalysts include {(noble) metals on a carrier (Ziegler-
Natta catalysts).

Especially suitable isomerization catalysts for
the isomerization of 3-pentenocate (and optionally 2-
pentenocate) to the 4-pentencate are described in for

30 instance EP-A-343.598, EP-A-291.033, EP-A-266.689, DE-A-
3.521.380, DE-A-3.521.381 and DE-A-3.317.163. With regard
to the reaction conditions of the isomerization step, the
reader is referred to the aforementioned patent
specifications. As a rule, the mixture leaving the

35 igsomerization step (a) contains the following isomeric
pentenoates: 3-12% 4-pentenoate, 75-95% 3-pentenocate and

0-10% 2-pentenoate.
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the 4-pentenoate are described in for instance EP-A-343.598, EP-A-291.033,
EP- A- 266. 689, DE- A-3.521.380, DE-A- 3.521.381 and DE-A-3.317.163. Wth
regard to the reaction conditions of the isonerization step, the reader is
.referred to the aforenenti oned patent sp‘ecqf'l“cations. Asa rule, the m xture
| eaving the isonerization step (a) contains the [err] |lowi ng isoneric

pent enoates: 3-12% 4-pentenoate, 75-95% 3-pentenoate and 0-10%
2-pentenoate. It My Deracyob! B0CQHSaheadbahs | Lo Bt 2 Uik MUl B2 1Y
and termnally unsaturated NCti ONarl ze organi c_com pounds so_as to
enrich the mi kbteenaily amdptermipaihy wesatweated furgtienaldizetpound. |t

suffices to Ué?génﬂésébhbéﬁhag £8! #8Me ¥ Ehr {ENY SRR A Pk PFe SEAYE ST SEb
normal reflux ratjo because_the invention_does not _call for_virtuall ure

ternmnal |y unk@t ER®t BRTPLAREFBNUPFIEYT 3 BANF RN uNtE (W GRS 1R iR,
pure 4- lolem engafiest mg&foﬂ. Beluxliﬁ&idtmfew_ Hepanga t i&gra@bh@f?d@ at
term na unsat urat ed_functipnal i sed or i c, conpound in the dist ation
Step. the m xSorBRT FREIURCTAPTE hefanes PhRe cHEVEREIGH 9dpd Hef Fi Ly
organi ¢ conpofiodsyirbupliyepubéyteeminall ptenisaoutdted somet zonaloised ep

. A d Iy | t C S [ the
byl of or nyl at S eease pORpSRRACISESh A5, LRE 938 pUfec Bedtedtie i udy

in term nal | yAuhs8Plr 238¥- oRERAT cPebRgoliberaked obttheckawmingallpe
effected 1lgy dufishthpated. £GhELioh&DPAEEdH T ONgARTENE GiSSuRdICin Ashe

mxture of f o SxARERELRRATERRA: HBS | BUXFuRE pSHRRFERETH eGP ES Rt ai ns
3-90 wt. % 4- peht enbetreallel anéaelgtate@eot@aaic ofompourdoat b5 )prafecabky ur e
Do oo hyorEySLEeIREGA' DO ROA doerLedons JEGREH), ADSMERaIde
preferably coPfathe emnsichment obs, that nbhe b@%¢t°%r%&i§m¢e¥§94rﬁﬂfEKh@
4-pent enqat e RPEAYBSrhP1APBEnCARR bé NRept STihlBéd ONTEaRiPE Kardi&g out in a
sinple mannerf:hat this enrichment in terminally unsaturated organic
compounds need not necessarily be effected by
distillation. Other separation techniques such as
crystallization, absorption and the like are also
20 possible. A typical mixture of for example pentenocates led
to the hydroformylation (b) contains 3-90 wt.% 4-
pentenoate (relative to the total of pentenoates). The
mixture preferably contains more than 20% 4-penterocate
because, otherwise, the required hydroformylation reactor
25 volume would be very large. The mixture preferably
contains less than 90% and most preferably less than 80%
4-pentencate because, in that case, the distillation can
be carried out in a simple manner.
The hydroformylation in step (b) must be qarried
30 out in the presence of a suitable catalyst. This catalyst
is characterized in that this catalyst preferentially
catalyzes the hydroformylation reaction of the terminally
unsaturated functionalised organic compound to the linear
aldehyde organic compound and hardly catalyzes the
35 hydroformylation of the internally unsaturated
functionalised organic compounds present in the mixture.
Preferentially here means that the reaction rate constant
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The hydrotornylation in step (b) nmust be carried out in the presence of a
suitabl e catalyst. This catalyst is char- acterized in that this catalyst
preferentially catalyzes the hydrofornylation reaction of the termnally
uhsaturated func- tionalised organic conﬁoana to the linear aldehyde
organi ¢ conpound and hardly catalyzes the hydrolornylation of the
internally unsaturated functionalised organi c conpounds present in the

m Xt ur e. Pref e a S reaction. rate, constant of the
conver si on of ?hghkehk¥3§?%§ogﬁggtEbgtgagggﬁgﬁggng?Fgéﬁrﬁvﬁgnic conmpound i s
nore than 50 Eungtiphelieedt boganitecowpstiadt isf mbhe thane5€i bimes the

internally uniaae&abﬁdraﬂacEbaaeghﬁesfoeaanesnseﬂye RAog P ﬁéei é %pganlc

reaction rate constant of term na unsaturate func i ona
conpound i s nBPéaFHéﬁt§§0f99ﬁ§é°ﬁﬁﬂésﬁﬁePégaBF9 AORROYAGR QO@f?tﬁb%Ythe

reacti on rsatethenseastieh tbeelabﬁéaahtyoﬂnﬁaéUEatﬁdnéynftﬁﬂ@@%hﬁ@ée@fga“'C

d bed,
US A 5. 006, 20500F B RAREASBRCOF BRneF FERPRLBR, 46 Pore. HESR KOS sk ineey. The
cat al ysts desBprBenrpfieyabAy3me96e. £88naR 80| t jmed- thabtéaceion rate
platinun(i 1) - gohathde eenvhsxeﬁtbensefylﬂﬁgaeer%$&8 91$$§ﬁ93§&' hal i des

such as [err]. such a catalyst It 0SSl ate for
exanpl e, nlxtBFgaEbﬁpFngﬁBnﬁ 4-pent enoate and at Ieast one other i soneric

pent encati® accordi ng toshBR hAN¥gPhALPEtt 9s described in for instance US-
A-3.996.293, to which the reader is referred for the sake
brevity. The catalysts described in US-A-3.996.293 are
ligand-stabilized platinum(II)-dihalide complexes in
combination with Group IVb metal halides such as
15 PtCl,[P(C¢Hgs),;],-SnCl,. With such a catalyst it is possible
to hydroformylate for example, mixture comprising a 4-
pentenocate and at least one other isomeric pentenocate
according to the invention to the S5-formylvalerate with
80% conversion (97% selectivity), less than 1% of the
20 internally umnsaturated pentenoate present being converted
(ratio = 1:1). The use of this catalyst in a process
| according to the invention not only provides a simplier
process but also provides a process with a higher
selectivity compared to the process of US-A-4.801.738.

. 25 A second suitable class of hydroformylation
catalysts for the process according to the invention are
combinations of a cationic platinum complex and a suitable
bidentate phosphine in a polar solvent. The use of such
catalysts for the hydroformylation of olefins in the

30 presence of SnCl, and/or a protic acid is known (J. of
Organometallic Chemistry, 417 (1991) C41-C45). It has been
found that, if SnCl, and the protic acid are omitted, this
catalyst system preferentially catalyzes the
hydroformylation reaction of for example 4-pentenocate in a

35 mixture of at least one other pentenocate whilst this other
pentenocate remains practically unconverted. A suitable
bidentate phosphate 1s 1, 4-b1s —diphenylphosphinobutane.
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the 5-fornylvalerate with 80% conversion (97% sel ectivity), less than 1% of
the internally unsaturated pentenoate present being converted (ratio =
1:1). The use of this catalyst in a process according to the invention not
only provides a sinplier process but al so $rovides a process with a hi gher
selectivity conpared to the process of US-A-4.801.738. A second suitable
class of hydrofornylation catalysts for the process according to the

bi dent at e phoSOnCAR: one3rEeRks aER, RFoReR:EheR TF BHEAEE 3L T or 1 he
hydr of or nyl at feAateheel efins in the presence of [err] and/or a protic aC|d

is known (J. of CYganO”@h@'hbgtcpfaféif¥d éibolimeds £ {he iﬂv%ﬁ§% systen1

found that, if [err] and th Ic acid. are omtted, this cata
preferential | ysc59ap9£€§mhéhﬁya¥6¥ef»ﬁﬂa%abhme%tebﬁvaﬁed dPr%S@Fﬁﬂ e

4- Eentenoae afidatempbratupb ?h {:EésérQQQeﬂé@Ség pﬂg&g\??;ﬁ%\fr% : 32 nt glt Z
t nt eno C ca ynconverte
Shosphate. o ot TRbaRELARoRE RS R RLsY e hBLERe: L ohehy TP EPRENS dif Ui 40

ket ones such ssbbtiitnbad whthafehottondbegroaps predertivsl suthoei tEréd of t he

[ ti [ f a ressw‘ and tem
por ature i n « o:BfehgibRobBRi KCLS BALULELbELTL S0d BME AL oR Tty |
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process described in US-A-4.801.738.

15 An added advantage when using this catalyst is
that the catalyst can be separated from a reaction
mixture, which does not mix with water, more easily than
compared to the process described in the aforementioned
US-A-4.801.738. This separation can be readily

20 accomplished by phase separation of the water phase, in
which the rhodium and the subsituted triphenylphosphine
are dissolved, and the organic phase, in which the
reaction products are present. A reaction mixture which
does not mix with the water fase is present when 5-

25 formylvalerate is prepared. For this reason it is extra
advantageous to perform the hydroformylation in the above
described embodiment when preparing 5-formylvalerate.

Suitable triphenylphosphines according to this
embodiment of the invention are so substituted with

30 functional groups that the triphenylphosphine is soluble
in water. Examples of suitable substituted functional
groups are sulphonate groups, carboxylate groups and
cationic residual groups of ammonium salts.

Such triphenylphosphines may be represented by

35 the following general chemical formulae:
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An added advant age when using this catalyst is that the catal yst can be
separated froma reaction m xture, which does not mx wth water, nore
easily than conpared to the process described in the aforenentioned

US- A-4.801 .738. This separation can be'TéthIy acconpl i shed by phase
separation of the water phase, in which the rhodiumand the subsituted
tri phenyl phosphi ne are di ssol ved, and the organi c phase, in which the
reaction products are present. A reaction m xture which does not mx with

the water fase is_phesentS@¥n,5-fornylvalerate is prepared. For this
reason it is ,_extr/aﬁpv_an S’)@%ﬁzs to performthe hydrofornyl at iﬂn in the
above describ nbodi neht A% preparing 5-formyl - valeraté. Sui t abl e

tri phenyl phosphi ne@%c‘cd%@zﬂj)ho this enbodi ment of the invention are so
substitutgd with functional groups that the triphenyl phosphine is soluble
In water. Exanples of suitable substituted functional groups are sul pho-
nat e groups, 2 rboxyl ate groups and cationic residual groups of amoni um
salts. Such triphenyl phosphi nes may be represented by the foll owi ng general
chem cal [err] -4% JW%Edb ) represents a phenyl group, [err] and [err]
repr esent de%ggdent y of each 8ther a cationic organic or inorganic

Ar — (COOM?),, (II)
10 Ar - (COOM?),,
or
Ar - (N(RY);X),,
P/Ar - (N(RY),X),, (III)
15 Ar — (N(R%)4X),5

where Ar represents a phenyl group, M! and M2 represent
idependently of each other a cationic organic or inorganic
radical, X idependently of each other represents an

20 anionic organic or inorganic radical, R* idependently of
each other represents an aliphatic hydrocarbon group with
1l to 18 carbon atoms and nl1, n2 and n3 may, independently,
be 0 or 1, the sum of nl, n2 and n3 being greater than or
equal to 1.

25 The phosphines according to the invention may be
applied in pure form in which nl, n2 or n3 equal 1, 2 or 3
or as a mixture of triphenylphosphines, in which the sums
of nl, n2 and n3 for the various triphenylphosphines of
the mixture being unequal to one another. The application

30 of such a mixture is advantageous inasmuch as this mixture
is formed in the preparation of substituted
triphenylphosphines so that further purification may be
omitted. Preferably, in such a mixture, the average sum of
nl, n2 and n3 of the substituted triphenylhosphines is

35 greater than 2.5. More preferably, this sum is greater
than 2.8.

Suitable cationic radicals (M* or M2?) are the
inorganic cations of metals, notably of alkali metals and
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r-adical, X independently of each other represents an anionic organic or

I norganic radical, [err] idependently of each other represents an aliphatic
hydr ocarbon group with 1 to 18 carbon atons and nl, n2 and n3 nay,
imdependently, be 0 or 1, the sumof nl~- 32 and n3 being greater than or
equal to 1. The phosphi nes according to the invention may be applied in
pure formin which nl, n2 or n3 equal 1, 2 or 3 or as a m xture of
tr|phanylphosBﬂFﬁEsa1kﬁ1&hW€ﬁa@ﬁes§ﬁﬁsa§fsﬁqluﬂz BAtRSSIYR, exkcivmiangd

tri lphenyl phos?hr nem ak wbeklnaxt dmfocheungionseqos! qﬁ@t@f\ﬂaﬂfmﬁhﬂm:uﬁe
application o c m. xt vant ageous_in is mxture is
formed in the p?gparaPlgﬁ g?ggﬁﬁgggYStéﬂﬂngﬁﬂéng?gU%gfﬁﬁ% ST °or
further puriftetrabutwhyapwoniimeed. Preferably, in such a nmixture, the

average synof nl, n2 aﬂgl?QbQE 53? ﬁ993£5ayE§ﬁstfprggﬁlbﬂiggﬁféﬁaéé

greater than 2.5. Mre erab |s sum1s greatée I tabl e
cationic radléaﬂspPEFPPaﬁ?egfﬁBPFnéP@aﬁF@aBaﬁ|%ﬁsdo¥a@%$%l% Sy Ay of

al kali et al snamb,ear RR-ebkaldnd?abs,sUGhere 33dirdpreBahagshul) €3l ci um
and barlunlasﬁxg # as anED n1|o S of quatemary anmoni um i ons such as
t et r anet hyl At ufif fe %WOB§V anmoni um or tetrabutyl ammonium Suitable

anionic radicals (X) ar&ttbhe pubpbatedaddr ptihepbatbogybaps Groups geseés aci d
Ry oy B NeBPmbh! ki) | BhE) £BOTCLET 1o PRASCATL e ' SRRSREM o ££7 )

al kyl or "a [err referre e car box gr oups (See
fornula 11) akfiorme eailéhu§0rhe|eare-eﬂbahﬁbnteﬁw@a¢t§O(fbhmula 111) to be

par a- SUbSt'tUé@ﬂpﬁaﬁaf:@rg£8§p§uk939ﬂ§i§ 95%8%@&@{@&&3&&9& on
nmet a- subst it ut ed OE g é group. Exanples of such substituted
trlphenylphoséh?ng eny 5 HWBsul phonat ophenyl ) di phenyl phosphi ne,

di (nonosul - Examples of such substituted triphenylphosphines

15 are (monosulphonatophenyl)diphenyl phosphine, di(mono-
sulphenatophenyl) phenyl phosphine, tri(monosulphonato-
phenyl)phosphine, (monocarboxyphenyl)diphenyl phosphine,
di (monocarboxyphenyl )phenyl phosphine and tri(monocarboxy-
phenyl )phosphine.

20 - The preparation of a triphenylphosphine
according to formula I is described in, for instance, an
article by G.P. Schiemenz & H.U. Siebeneick, Chem. Ber.
1969, 102, 1883-91.

The preparation of a triphenylphosphine

25 substituted with a substituted ammonium salt (formula III)
is described in, for instance, US-A-4.522.932.

The application of a triphenylphosphine with
sulphonate groups as a ligand (as in the present
invention) in hydroformylating an alkene with rhodium is

30 known per se from DE-A-2.627.354. That patent
specification sets out that such a catalyst may be
utilized for the hydroformylation of both internal
unsaturated alkenes, such as 2-butene, 2-pentene and 3-
octene, and terminally unsaturated alkenes such as

35 propene, l-butene and 1-pentene. Moreover unsaturated
functionalised organic compounds are not mentioned as
possible starting materials. It is surprising, then, that,
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phenat ophenyl ) phenyl phosphine, tri (nonosul phonat ophenyl ) phosphi ne,
(nonocar boxyphenyl ) di phenyl phosphi ne, di (nonocar boxyphenyl ) phenyl
phosphine and tri(nonocar boxyphenyl)phosphi ne. The preparation of a

1Ti phenyl phosphi ne according to formula 1ls described in, for instance,
article by GP. Schienenz & H U. Siebeneick, Chem Ber.

f t, h | phosphine s bs ituted with a substltuted
The preparatlon 0 Rg r|p§;2¥sg g?h H t

anmoni um sal t PfBP

v3ng dE8LPIBEY

an

1969, 102, 1883- 91,
Hripgr thashydeeformykaionrof3o.

The applicat|anmdktarbrtphmﬂnhmmgspbhaei?tbbnaml?hﬁﬂ658u?i@§@5 afha ngan%
t he pr n)._in_hydro- for a an a e W rhodi u
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t hat such a canskfyrated bempoihidz éd bonvéhéeﬂyﬂoo&bdedeesonhbisbothe

i nter nal QPSaEHEéEﬁQlQ&kﬁﬂgﬁtu§HEQdaéoapguhﬂn?emglﬁgnéfggtfggif%OCtene’

termnal ly unsaturated al kenes such as propene

ne an ent ene

and

Mor eover unsaPBFIP¥8TERACt i onal i sed organi ¢ conpounds are not mentioned as

possi bl e starting naterthaluhtm?ﬁ Bu[a?pﬁiéﬂ 1hh€§r%éﬂﬁifo$ﬂ$ﬁgf?@|yggg
h t al or atLo ure te
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applied in various forns

odiumtTs

the reaction h?ﬁ?ﬂ?eW?EGHGFO%BbyecﬁnﬁeéatheSﬁeaebienrﬂ@mduhiemmpoMmds are

mater-solublerﬁpapoundScaadlybQeaynycsaPPUadéomﬁiéﬁeQ

under the reactlﬁn cond ule, the cataly %i active

conpl exes that &

15

20

25

30

35

gdbﬁﬁearﬁﬁuﬁs?ﬁod§ﬁﬁP as Rh(co)z‘acetyl—acetonate
(acetylacetonate = acac), Rh,0;, Rh(CO),;, Rhs(CO)¢,

Rh(NO;},, Rh(OAc), (ACOH = acetic acid) and the substituted
triphenylphosphine are formed in the reaction mixture.
Preferably, Rh(CO),-acetylacetonate or Rh(OAc), is used as
rhodium precursor, this precursor forming a precursor of
the active complex in a solvent in combination with the
substituted triphenylphosphine. This complex subsequently
reacts with excess ligand (the substituted
triphenylphosphine) in the reaction mixture to form the
catalytically active complex.

The hydroformylation may be effected in the
presence or absence of an extra solvent besides water.
Besides the solvent, the reaction mixture will generally
also contain an amount of high-molecular-weight by-
products, methyl valerate and condensation products, which
are kept in circulation together with an amount of
unconverted pentenoate. _

Examples of suitable solvents are ketones such
as acetophenone and cyclohexanone; ethers for example
diethylether, anisol and diphenylether; aromatic compounds
for example benzene, toluene and xylene; paraffins for
example -hexane, heptane, cyclohexane, methylcyclohexane
and iso—octane and esters for example methylbenzoate and
methylvalerate. Preferably, aromatic and/or paraffinic
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precursor, such as [err] (acetylacetonate = acac), [err], [err],[err]
(QAc)2 (AcOH = acetic acid) and the substituted triphenyl phosphi ne are
formed in the reaction m xture. Preferably, Rh [err] or [err] is used as
r’hodi um precursor, this precursor form mgi&d precursor of the active conpl ex
in a solvent in conbination with the substituted triphenyl phosphine. This

conpl ex subse ntI reacts th_excess |igan e substituted
PP heny! phosBRTRERT e ERaPBLLPon AR EuEE B $0TYPRHR BaY AR Bf 1y

active conpl exppIbedbydrofornyl ation may be effected in the presence or

absence of an extra sol¥ﬁgt Fﬁéhge§ag@£e etggéhdgﬁet$fb%§4¥%£ﬁaséhe

reaction mixture will généra contarn an .
hi gh- nol ecul afpertgneate- pr sdiwent (ifnhysedd) ervater gemetahbensaiti on

products, gvhi gB+@68nkKEBt obNaflar 6L 8pion together with an anmount of
unconverted pentenoate. Exanples of suitable solvents are ketones such as

acet ophenone and cycloh@kﬁnﬂﬂéghétﬁ%Fé°fB?t§§%HpV%tﬂﬁetPPn§?¥R4ﬁﬁ ani sol
and d|phenylegéﬂéraalynmélBeeﬁéaﬁundsgﬁoanexaapie.benzene t ol uene and

xyl ene; paraffins for exanpl tan cycl ohe
net hyl cycl ohexane and |§§ Bﬁaﬂg gﬁa %gggfsp$%§ee?%ﬂ%ﬁ%fﬂ%tﬁ§l?ﬁﬁﬁ%%ﬁe and
met h- yl val erat&. apdel©s aBhg, pArofiathe watiéorphasafduningsol vents are

appl i ed. 14 Xt {,&fo{(aa ié(@%ﬁ fBY E8r§§1?pﬂ$t§§ glwf YEAPNS . ég:}éf@a@seéween

the organic phase enoate + sol vent used))? water generally Is
bet ween 10: 90°EBEIEBSQ bheTREt @k gRPUP a2y hed Qmter: pentenoate

generally IS betmeen 10@3@ aaerQn1ﬁen3hﬁd@yhfﬁré§@h EésPhese generally
is between 5.8 an %f y 9 Q Qﬁé {gdrofornylatlon S
preferably no?eRFLREIY ﬁﬁnbg ¥egh Ueled &h%& -t egglf 1%y otRP may

hydr ol yse. pressure is between 0.2 and 5 MPa.

15 The molar ratio between carbon monoxide:
hydrogen generally is between 1:4 and 4:1. This ratio will
preferably be between 1:1 and 1:2.

The temperature generally is between 40 and
150°C and preferably between 80 and 120°C.

20 The rhodium concentration in the reaction
mixture generally is between 50-700 ppm.

The molar ratio rhodium of: substituted
triphenylphosphine is between 1:10 and 1:2000. Preferably
between 1:40 and 1:200.

25 The two phase reaction mixture (if present)
should be well agitated to achieve a suitable contact
between the reaction compounds and the catalyst.
Preferably the reaction mixture is stirred. Static mixers
are also suitable.

30 In step (c¢), the lineair aldehyde organic
compound is separated from the mixture leaving the
hydroformylation step (b). In general, the pentenocate is
separated by distillation prior to the lineair aldehyde
organic compound being recovered by distillation. Any

35 impurities that may have formed can be removed in this
step also. On being isolated, by-products such as branched
aldehydesmay optionally be catalytlcally cracked to form a
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_Fhe (carbon nonoxi de/ hydrogen) pressure generally is between 0.1 and 10
MPa. Preferably, the pressure is be- tween 0.2 and 5 MPa. The molar ratio
bet ween carbon nonoxi de: hydrogen generally is between 1:4 and 4:1. This
+ratio will preferably be between 1:1 and 1327 The tenperature generally is
between 40 and [err] and preferably between 80 and [err]. ng ;Bgdlum
concentration in the reaction mxture generally is between m

-5- The nol aruQ%FW§%lm%1°%?££r&?qw mm%m.%q@b@@t ween
1:10 and 1.ZQHOES%K#zysﬂﬁagbetmeen 1: 40 and 1:200. The two phaEF reaction
m xture (if present) s@ﬁg be | 1 i tated to achigev sui t.abl e cont act
bet ween the reaction co Q@d’ t ’§1 fa @%agllfeﬁl’ré reaction
m xture is stalrdemldéttatqanm XEOTEp U TE] alsscrenﬂrtcnﬁ]a&:edqgosfse:pp( Qa,) .t he .
l'ineai r akdehydg QP?PP o 17 eyl ng e
hydroforrryl at | on step }% ;%d“ éﬂfﬁf qtenoateer IS géﬁgll’sgt é‘éa%f
dlstlIIatlcn1ﬁﬁqQﬁquﬁk%ﬁgﬁ|Qﬁ&ﬁnlQﬂQREBRHﬂquyﬂnm§YC@mp@awdnb¢|n@nkeomw-

ered by di StIédxﬁlﬁ{horﬁ%ﬁéwrddﬂv%%éé@ttéﬁr}im\ﬁ TR rateadergamyed in

ng isolated, -
this step al SQm pounde' gis by

A process embodiment according to the invention
10 can be described with reference to Figure 1.

A mixture containing internally unsaturated
functionalised organic compound is led to step A through
stream 1. In step A, isomerization takes place, with a
portion of the internally unsaturated functionalised

15 organic compound isomerizing to the terminally
unsaturated functionalised organic compound. The
terminally unsaturated functionalised organic compound-
containing mixture is conveyed to step B through lines 2
and 3. The mixture is optionally enriched in terminally

20 unsaturated functionalised organic compound in
distillation step X, the stream that is recirculated to
isomerization step A via line 11 substantially consisting
of internally unsaturated functionalised organic compound.
Hydroformylation takes place in step B, with terminally

25 unsaturated functionalised organic compound being
preferentially converted to the linear aldehyde. The
aldehyde—containing mixture is led to step C with stream
4. In step C, the aldehyde is separated out and discharged
with stream 5. The internally unsaturated functionalised

30 organic compound and any unconverted terminally
unsaturated functionalised organic compound are
recirculated to step A through lines 6-8-10. This
recirculating stream may optionally be led to distillation
step X through lines 6-8-9 in order for unconverted

35 terminally unsaturated functionalised organic compound to
be separated out and sent to the hydroformylation through
line 3. The rema1n1ng mlxture, substantlally consisting of
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products such as branched al dehydesnmay optionally be catalytically cracked
to forma unsaturated functionalised organi c conpound as described in

EP- A-295.549. In step (d), the mxture freed of lineair al dehyde organic
.conpound is recirculated to step (a). Thibk4nixture will generally contain
internally unsaturated functionalised organic conpound and may or nay not
contain sone jncom pIeteI converted term nal unsat ur,ated or

compound. A pF&FI I Ath rat &% Hnet karald qdn\‘?éﬁtalndﬁ ERPO, scrl bed

with referenapés td ke ﬂsoxﬁbﬂmzatw@ mpalmlmdwgmenrmlel Y iundat magt ed

f t | d d,t t A.t.h t | t
A soneri zal P (R ATAIRA SRS o TRt ¢ BN SRe g i NHESt Pt od
functional i sédiner dardtocaiogipo il tileo rhardr dfgomy liad iome viier Fiimel 7y amds &our at ed

funct i onaki s&ed AN QAN £ & Y Witha iMfed %J”s’l:%ld Qﬁ?% %tt"eghfxu'% irloQal | sed

organi ¢ compaun contalnlng m xture 1s conveye roug ''nes 2
and 3. The mbdng S4s optionally enriched in term - naIIy unsat ur at ed

functionalised organi c mapPaiEht fbrliisd idllsd idit editdid ¥o o2 el e that is
recirculated to.is nerl tl(N]_édﬁ Avia line 11 substantlally ansi sti ng

of internal | Y% A5 Sh AR O RPIRIE SERt Saks oPRA at i on
t akes pl ace iat sltezpstB one tdtHear nisuaieni U peattemetade ftm@tﬂfmaiyllsrademagt@ni C
conpound, gei f ts i nea I e The
al dehyde- Qonp'g} %ﬁg&{m&% ﬁéﬁ&ﬁﬁ{yﬁ oﬁ%t e% y&% rﬁt %32%%4 56] n step C, the
al dehyde is §€mmhﬁﬂxiRhRSRhWthQRﬂnﬂxﬁﬁi&uhﬂtkﬂﬂhﬁﬁnﬂgthTﬁ@QQWu@mndlIy

unsat urat ed igigidednald s e AN (AERP U pHU AR AN e bl nal |y

unsat ur at ed functlonallsed or gani ¢, conpound "‘are ' recirculated to step

t hrough | i ne$B-URIR) andhithe ercqqf(iwq é%qlﬁ’@ sarddadmeitodm sha IPSF%@QC@d to

distillationof aabérd O UEEdD iRl GHbve. IThy dsfdricformylarion ©f t4ermnal ly

unsatu- ;g pentenoate to 5-formylvalerate according to this

embodiment of the invention is advantageous because the

reaction mixture, consisting of substrate and products,

can be easily separated from the catalyst and because the

5-formylvalerate can be prepared with a high selectivity

20 and n/i ratio.

The 4-pentenoate may be hydroformylated in the

presence of a 3- and/or 2-pentenocate. A mixture of 2-, 3-
and 4-pentenoates may be prepared starting from, for
instance, the 3-pentenocate. This can involve isomerization

25 of the 3-pentenocate in the presence of an isomerization
catalyst as described above. The 2-pentencate content of a
mixture after isomerization preferably is between 0-2%.
Another possible process to prepare a suitable mixture of
pentencates which can be hydroformylated with this

30 catalyst is carbonylation of butadiene in the presence of
an alcohol. This mixture can for example be directly
hydroformylated with the process according to the
invention or can be subjected to an isomerization and/or a
destillation.

35 - Since in the process according to the invention
the 3-pentenocate and also the 2-pentenocate remain
practically unconverted by hydroformylation in comparison
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r-ated functionalised organic conpound to be separated out and sent to the

hydr of ornmyl ation through line 3. The re- maining mxture, substantially

consisting of internally unsaturated functionalised organi c conpound, goes

to the isoner- ization step A through |imd3lt It may. al so be advant ageous

to return a portion of the mxture in line 6 straight to the

hydr of ornyl atiqQn_via |ine and to recirculate the renmai nder to step A
el

7
and/ or step XVifkPobd® BrRENEeneALer nd&ndPoROFSNEFEESATY kP eBePRIRbREl y t he
hydr of or nyl at ithesef compoxiente eeipti sonhydrpeoirpbat tonndNevet thelesse
other isoneric¢ _pentenoate to S-fornylvalerate [p _wihich triphepyl phosphine
s used. i witCRATES, PeYRBLaBERBE RPngtharh, tBe Biatet o FRaRE h
functional gr peptenbatet so thbst thet edquikpiehylipbbephybatienvweeactsnl ubl e
and the raacti i carri : | Rt Re e 0 e s descri bed
above. Thgﬁhy ?g ggngﬁgt?%nhgﬂlgggén?gggafgbgggggﬁgr%% v%l%?gte accordi ng
to this enmbodPidskildptips usiaat rofiewssapaaat igBoatagesgBd ansorsatt i on

m xture, consisEilng ehtiebghtabe 2RAnPROdUEhLAN GRBhDE0GaSEpAr&EPanated from
t he catal yst apnd because_the z-fornﬁLvalgrg e _can be,gregared with a high
selectivity aftd®fdPF PLE 8. TPREVX. pBREENBE: 208§ PECRIBP8F o MyPSTRA in the
presence of a4380andB6r 2-pentenocate. A mixture of 2-, 3-and 4-pentenoates

may be prepared startingnll 0@hokebn B3hAIEFonk GedcPERLE 2BLGe FBESLAER
i nvol ve isonerization of the 3-pentenoate in the presence of an
i soneri zat i onca@&parpst aze adser vbdddabovethipcembpdimenbaot thatent of a

m xture after jhgenRibaal | @RePEBMBbdRtYohs B8LVWERA MiZbhirdngEher possible
process to prggare a suitabl e m xture of pentenoates which_can be

hydr of or nyl at BEPRPPRAERPs VALK 9Lf AeSELiBBAYPAFL LRI oRIBLRAEPVRLIA £RE
presence of abhakcehbbdihlbnt bBfExtheeiagentobnexanpl e be directly

hydr of or ated with th r otding to.the.invepiio can be
subjectegﬁio an The" Ph%3Rt $65% 1g eguc1daped Qy Qﬁe Pofiow1ng
non-limiting examples.

Example I
A 150-ml Hastalloy-C autoclave (Parr) was filled

20 under nitrogen with 5.7 mg of Rh(CO),acac (acac = acetyl-
acetonate) and 30 ml of aéueous solution containing 70.76
mmol /1l tris—(m-sulphonatophenyl)phosphine as sodium salt
(TPPTS). The autoclave was closed and purged with
nitrogen. Hereafter, the autoclave was heated to 110°C in

25 approx. 10 min. and subsequently pressurized to 1.0 MPa
using CO/H, (1:1). A mixture of methyl 3-pentenoate (3.29
g)., methyl 4-pentencate (0.69 g) and n—-nonane (internal
standard, 0.49 g) in 19 g of toluene was pressure-injected
into the autoclave. During the reaction, a pressure of 1.0

30 MPA and a temperature of 110°C were maintained while the
autoclave was stirred at 1200 rpm. The composition was
checked at regular intervals through GLC. The results are
given in Table 1.

35 Examples II-VIII
These examples were carried out in the same way

as Example I, the ratio between methyl 3- and 4-pentenoate

i



i-sonerization and/or a destillation. Since in the process according to the
I nvention the 3-pentenoate and al so the 2-pentenoate remain practically
unconverted by hydrofornylation in conmparison with the 4-pentenoate, it is
.not necessary to separate these conpo- reds—prior to hydrofornylation
Neverthel ess, it may be advantageous to enrich the mxture in 4-pentenoate
so that the required hydrofornylation reactor volune can be limted. This
separati on caphd tbe gatip| betweanutigand aad chodiuvmibeing apeiedd the

nor mal ref!UXtB@Bloaﬁahﬂﬁrpfhﬁatﬁy§E#HHBn$b£B R4 FRP@Idhi fekS&dpPesnand a
reflux ratio of 50_as nmentioned jn, US-A-4.801.738. The reaction conditions
descri bed abo¥¥amBlegnVsapd: ¥fysbeing gaual te; tihe Amewnts kb JH3RES of t he

idnven_t Log. ThiE_.Cmﬁﬁoﬁhtbﬁyﬁolﬁégéhﬁaﬁi& uv;zxrfrgfw_aﬁ@t@@mt fI teﬁovmi cih?_re -
escri pe aribl er re SO or LS. € ogdl [0) e | nven on. e
o ont lon S o ekl Frogndi thel okl BASH 0E £BINeRe 4o WRYEHSd Tna TC,
150-m Hast al sopeCOnaneocofavbe(Raxtyreaet {nethyl uddeandi 4 rpRmienda te 5/4's ny
of [err] (acagageacgbytaset thgnE‘B@%laﬁ'Qléﬂe%fof: Eﬂé'ﬁ&‘éeéoéxh%ﬁ){bd to

0.76 mmol/ @ t bh i.e

cont ai ni ng 70. ris-(msu onat ophenyl ) p osﬁﬁlne as sodium sal t
(TPPTS). The 38tBttaVBenhsselbscarandiperge® PR nttrogen. Hereafter, the
autocl ave was heated to [err] in approx.

10 Comparative Experiment A
Example I was repeated except that 1.24 g of
triphenylphosphine (Ph,P) was used as ligand and no water
was used. The reaction was carried out using a mixture of
methyl-3-pentencate (4.51 g) and methyl 4-pentenoate (0.62
15 gq).

Example VII
The isomerization of the methyl 3-pentenoate

(step a) was carried out by stirring a mixture of 50 g of

20 methyl 3-pentenocate and 5 g of a zeolite catalyst of the ¥
type, which catalyst contains 0.5 wt.% palladium, in a
glass vessel at 135°C for 360 seconds. The resulting
reaction mixture contained 4 g of methyl 4-pentenoate,
0.05 g of methyl cis 2-pentencate and 0.1 g of methyl

25 trans 2-pentenocate and 45.8 g of methyl 3-pentenoate.
After the catalyst had been separated out, the mixture was
distilled in a "Spalt" distillation column (25 separation
stages) at 250 mbar and a reflux ratio of 20. Distillation
was continued until 7.7 grams of a mixture of methyl-

30 pentenocate had separated out at the top of the column.
This mixture contained 49% methyl 4-pentenoate. The
remaining (bottom) mixture was returned to the
isomerization step.

The hydroformylation (step b) was carried out with 4 g of

35 the mixture obtained by the distillation by repeating
Example 1 at 140°C. The results of the hydroformylation
are given in Table 1.
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0m n. andsubsequently pressurized to 1.0 MPa using [err]. A m xture of

nmet hyl 3-pentencate (3.29 g) nethyl 4-pentenoate (0.69 g) and n-nonane
(internal standard. 0.49 g) in 19 g of toluene was pressure-injected into
the auto- clave. During the reaction, a-pagssure of 1.0 MPA and a
tenperature of [err] were maintained while the autoclave was stirredat 1200
rpm The conposition was checked at regular intervals through G.C. The
resul ts are gExempig ¥ABIe 1. Exanples II1-VIII These exanples were carried

out in the same way as Example 1 whse Hy
4- pent enoat e dhihe é ot ween I|§gg%égﬁge$%§6pig§%€|ggésg%?g t he
Bhyt ha%)n

total amount ot FAE IR REIHRGR BEENY ] P ERRtidss V and VI)
bein? equal tpenbene?benaﬁdlghExaﬂﬁie 3et§h6nwﬁigﬂﬂ?(Hnuﬂﬁhddﬂuﬂ)Ké{# mgre
equal to L | X VI the, additi t ol uene was. o ed an
sone nore of ?%g %ﬁgt re 5$Qﬁ%t%§?u§t ﬂ 9t fk%ﬁﬁﬁﬁ%?ﬁﬁi %ﬂkéﬁ? hat
the total vol betngfegeal choatke amountedlnoEfﬁmpde The results are given in
Tabl e 1. Conparative Experinment A Exanple | was repeated except that 1.24 g
of triphenyl phosphi ne (Ph3P) was used as |ligand and no water was used. The
reaction was carried out using a mxture of nethyl-3-pentenoate (4.51 Q)
and net hyl 4-pentenoate (0.62 g). Exanple VII The isonerization of the

met hyl 3-pentenoate (step a) was carried out by stirring a mxture of 50 g
of nmethyl 3-pentenoate and 5 g of a zeolite catalyst of the Y type, which
catal yst contains 0.5 w.%palladium in a glass vessel-- e
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at J[err] for 360 seconds. The resulting reaction m xture contained 4 g of
nmet hyl 4-pentenoate, 0.05 g of nethyl cis 2-pentenoate and 0.1 g of nethyl
trans 2-pentenoate and 45.8 g of nmethyl 3-pentenoate. After the catal yst
-had been separated out the m xture was distilled in a "Spalt" distillation
colum (25 separgjion stages) at 250 nbar and a reflux ratio of 20.
Distillation wap-tontijued until 7.7 grans of a m xture of nethylpentenoate .
had separated ojfgat tHeot®p Qf~ihe sal s~ Shi & Moxbur © eant ai ned 49%

met hyl 4- pent enpdt e~ THer&maird 0 (Ded dsomi &fi xpur e Mas J gtyir ned to the

i somerization sfep.®The hydrofior Ayl af ror (step b) was' catri®d out with 4 9
of the mxture pbtained by the distillation by repeating Exanple 1 at

[err]. The resu]ts of tthe hydrofornylation are given in Table 1. Exanple
VIIl Exanple | s repeated with [err] (Table 1: [err]), the ratio between
met hyl 3- and 4} genfengate,angd 4 be ratd @ betyeeq | igand aQdrhodi um bei ng
vari ed, the totpl=sanpunftost n®thPl pemPehoare>and riPod ud dehng equal to the

anounts in Exarrpl:a’e & -7- [err]
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(-9) : Tenperature = [err] Exanple I X A solution of [err] (83 ng) and
[err] (74 ny) in 40 m of butanone was transferred into a Hastalloy-C
autocl ave (Parr) under nitrogen. After the autoclave had been purged three
times with 30-bar [err] (1:1), the sol uti 88 was heated underthe sane
pressure to [err]. A solution of methyl 3-pentenoate (0.90 g), nethyl
4-pentenoate (0.94 g) and n-nonane (internal standard, 1.02 g) in 5 m of
but anone was g*éséufégapﬂféﬁ?éﬁumn@%1§ﬁe1%5%%cIave, wher eupon the pressure

was brought tp280: baethelrb-pénfenodbe [ easthpl Iasentsnbated asbrdd er it had
proceeded for four hagrs at 80 bar and [err] with stirring at 1200 rpm The
reaction conponent sT®et® anal yzed through GLC. The results are given in
Tabl e 2. Conpés)soncofiveheionrs(s} sobf mékxhn| Bspéndénda toe darid ngpf rmed t hael
Experinmentg A shows 4h &n£gﬁo§pglication of sul pho- nated or carboxyl at ed
tri phenyl phosphi ne makes It possible to selectively convert 4-pentenoate
into a 5-fornf#Val esalectivity of xpormabfabdehyde gprpdugfentdehoat es whil st

the conversiops)s:|£geisebeChb¥RaBRodictiNdbedd it &shidd Rbysidhos- phine
is applied as || gand. It'hﬁi alsolpegGafound that in the same conversion of
the nethyl 4-p®htenBd P Tre WMLe/APhnd the selectivity towards

fornyl val er at ¢3) ar eTobuéndl yabedpmbttéd the sul phonated triphenyl phosphi ne

is used i d in.t ormyl ati on. Exanple IV shows that a typica
m xture g@ aIE§p31 gﬁdﬁ%-%ﬁﬁ%@&ﬁﬁ#%% can be directly hydrofornylated with
hi gh se- lect{9)ty Bémperatorer+zh40®d of an al kyl 3-pentenoate wi thout an
enrichnment (through distillation) of the al kyl 4-penten-

Example IX
A solution of (COD)Pt(Acac)BF, (83 mg) and 1,4-

15 Dbis—(diphenylphosphino)-butane (74 mg) in 40 ml of
butanone was transferred into a Hastalloy—-C autoclave
(Parr) under nitrogen. After the autoclave had been purged
three times with 30-bar H,/CO (1:1), the solution was
heated under the same pressure to 100°C. A solution of

20 methyl 3-pentenocate (0.90 g), methyl 4-pentencate (0.94 gq)
and n-nonane (internal standard, 1.02 g) in 5 ml of
butanone was pressure-injected into the autoclave,
whereupon the pressure was brought to 80 bar CO/H, (1l:1).
The reaction was terminated after it had proceeded for

25 four hours at 80 bar and 100°C with stirring at 1200 rpm.
The reaction components were analyzed through GLC. The
results are given in Table 2.

Comparison of the results of Examples I-VIII and

30 Comparative Experiment A shows that the application of
sulphonated or carboxylated triphenylphosphine makes it
possible to selectively convert 4-pentenocate into a 5-
formylvalerate from a mixture of 2-, 3- and 4-pentenoates
whilst the conversion is less selective when an

35 unsubstituted triphenylphosphine is applied as ligand. It
has also been found that, in the same conversion of the
methyl 4-pentenocate, the n/i ratio and the selectivity
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oate as described in US-A-4.801. 738 being necessary. Exanple VII shows
that, starting fromnethyl 3-pentenoate it is possible toobtain a

| i near al dehyde witha high selectivity by applying an isomerization step,
sinple distillation and hydrofornyl ati om 24 accordance with the invention.
Claims 1. Process for the preparation of a |linear al dehyde organic conpound
by hydrofornylation (b) starting froman inter- nally unsaturated

functi onal i seBO¥REdRI ECEBHPYARBIAREF AT ef PaEkedhy hebkex i bh Bhet he

internal ly unsatphehateliubeiphbAP@bh68FhOhEaDs CusOAPLSIND: §Snd SOREEREEd tO a
termnally unﬁaﬁgr?ted iugctionalised organi ¢ conpound in the presence of a
suitabl e i sonefr23tPoRYd é?9$t characterized in that follow ng the

i soneri zati onExampl¢aJV shewhythat aotypicdl onitt)re sofdBcykd3+ nandned-
presence af c [ d d i Gh. ntially
cat- al yzgs t%ﬁﬁgﬁ%?géng %t P%pa?ggcg%?gnhg?f%%rk{ﬁ?#@n%ﬁ%%ﬁ%%lgr at ed
functional i se8ebeghhvitEoapbandisementzat henrofil ae gty brycpent envatorind,

the internal | ¥itRsat uaat edr { HAREhENRLhSEEGR! G881 £1 FAODOY eec”iﬁé |
practically unﬁ dr of or Iafe 3 8@? LR pld%%y e (r)grgallc

d, whereupon ﬁ%_the |1 near a
conpound is s&pBPREBRCALE F HRBCHIREA L0 PerBad- 8%k 7IHPNRI of the
unsat ur at ed fnecéssanyised organi ¢ conpound-containing mxture is

recircul gtged ﬁQaﬁBfei§ffE§ﬁoL§a%£Qp,Sé@&réfﬂq from methyl 3-pentenocate

it is possible to obtain a linear aldehyde with a high
selectivity by applying an isomerization step, simple
distillation and hydroformylation in accordance with the
invention.
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2. Process according to claim1, characterized in that in step (b) the
“reaction rate constant of the conversion of the terninally unsaturated
functional i sed organi ¢ conpound is nmore than 100 tinmes the reaction rate

.const ant of t he i ntermalRy-unsaturated functionalised
organi c corrpﬁm mﬁm‘m&MH according to any one of clainms 1-2,
characterize mthe nternally unsaturated organic conpound S
functionalised with an al cohol -, al deébylelc® I Mt&r-  carboxylic acid- or
nitrile group and that this conpound has 4 to 30 carbon atons 4 Process

according to ¢laim3, characterized in that, th anic c
represented bye thePFBF?ﬁﬁﬁ%@rcﬁﬁﬁ1géfp?6?ﬁﬁ?% 0 e?r#hﬁﬁﬂﬁe? epresents

a branched or unbraﬁghﬁdcaeymbbﬁnhyﬂyonﬁdboﬂogmphwthQWI(mncxﬁartlm@re

i nternal | y. doubl e bonds with carbpn_ato £ [eprese
hydr ogen at om or ﬁrQWkﬁP épﬁeﬁné}%ﬁ Enf%g r%é? é&tl nafpé%§é$§$ ﬁfo up
or aryl al kyl groupcweinphugdt wheéebur bonsht oak. aSPOF#n@@sQfabhardlng to claim

4, characterized 'mnfceehalweuﬁgseatstsanﬁeﬂ@émﬁa@lwa%f@échunsaturat ed
pent enoate. 6. Process accord to ¢claimb5, characterized in that,

foll owi ng the |son§PWESPP€n1§té °T8flz?ﬂetﬂ1§t§ﬁ€ﬁ+§3%ﬂ%t?¥?%iP‘QWﬁg
resulting mxture €gnteibhayised aﬁgenibaaoﬁﬁomd%ﬂ Pleat presémce 7of Rx ocess

oo 0 M0, onY 288 EhpLbi FBnSi Puof b BERLESE, AR ERE IO e T
that following the isomerlzatlon step (a), the
hydroformylation (b) is effected in the presence of
carbon monoxide, hydrogen and a catalyst which
preferentially catalyzes the hydroformylation

15 reaction of the terminally unsaturated functionalised
organic compound to the linear aldehyde organic
compound, the internally unsaturated functionalised
organic compound remaining practically
unhydroformylated, whereupon (c¢) the linear aldhyde

20 organic compound is separated out of the mixture and
(d) the remainder of the unsaturated functionalised
organic compound-containing mixture is recirculated
to the isomerization step (a).

2. Process according to claim 1, characterized in that

25 in step (b) the reaction rate constant of the
conversion of the terminally unsaturated
functionalised organic compound is more than 100
times the reaction rate constant of the conversion of
the internally unsaturated functionalised organic

30 compound.

3. Process according to any one of claims 1-2,
characterized in that, the internally unsaturated
organic compound is functionalised with an alcohol-,
aldehyde-, ester—, carboxylic acid- or nitrile group

35 and that this compound has 4 to 30 carbon atoms.
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 8% Process according-to-any ere of claims 5-7, characterized in that the

hydrofornylatl rforned wWth a mxture contalnlng 3- and
4- pent enoat es Bij‘/!m E"ﬂ &tmt ent of 4-pentenocate in this mxture lies

between 5 and of penten@®& e). 9. Process according to
claim8, characterized in that the content of 4-pentenoate |lies between 20

and 80% 10. Process according to ang one of clains 1-9, characterijized in
that the hydr &For nFrRcess é&F&F?&PGC RsFepdmop r aChRrERFREFI EBADIBXEBRE! &

bi dent at e phosphi n%hleno@g&@lmeabmpauhae1ab§e@zasaﬁtéarbiw B8né follbeingsence
of a protic acid. 1 Process ac ordlng to anyone of clainms 1-4
characterized in t GREMifa h%&FUP Pyl ation (b) is carried out wth carbon
nonoxi de and nol ecul ar hydrogen at el evated pressure and tenperature in the
presence of rhodi ugwand-a_ tblphﬁﬂylphosphine, wherein the triphenyl -
phosphine 1s so su stltuted wi th functional groups that the substituted

tri phenyl phosphine is wlter-soluble and in that the reaction is carried out
in the presence of water. -11- 12. Process according to claintll

characterized in that t he trlpheng Ehosphlne S represente the
fol | owi ng general ¥ here represén branched or unbranc e acyclic

hydrocarbon group having one or more internally

10 double bonds with 3 to 11 carbon atoms and R?
represents a hydrogen atom or an alkyl group with 1
to 8 carbon atoms or an aryl group or arylalkyl group
with 6 to 12 carbon atoms.

5. Process according to claim 4, characterized in that,

15 the organic compound is a internally unsaturated
pentenocate.

6. Process according to claim 5, characterized in that,
following the isomerization step (a), the mixture is
distilled, the resulting mixture containing not more

20 than 90 wt.% 4-pentencate. '

7. Process according to any one of claims 5-6,
characterized in that the pentencate is an alkyl
pentenoate wherein the alkyl group has from 1 to 8
carbon atoms.

25 8. Process according to any one of claims 5-7,
characterized in that the hydroformylation is
performed with a mixture containing 3- and 4-
pentenoates and that the content of 4-pentenoate in
this mixture lies between 5 and 90% (on the total of

30 pentenocate).

9. Process according to claim 8, characterized in that
the content of'4—pentenoate lies between 20 and 80%.

10. Process according to any one of claims 1-9,
characterized in that the hydroformylation catalyst

35 consists of a platinum complex and a bidentate
phosphine in a solvent in the absence of SnCl, and in
the absence of a protic acid.
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chem cal fornula err where Ar represents a phenyl group, [err] and [err]
represent a !g &Iugmﬂaﬂ" I norganic radical, X represents an anionic
organic or i [err] represents an alrphatrc hydr ocar bon

‘group with 1 to 18 carbor afoms and nl1, —n24and n3 may, independently, be O

or 1, the sumof nl, n2 and n3 being greater than or equal to 1. 13.
Process accor ing haracterized in_that. the sul phonate group

claim12
in (1) is met ub%f?ﬁ?ﬁﬁ %ﬁabfﬁenEaPO PRYRRRE o ntT®) or the
cationic radical s chataetanipeduinsthat i thé Nydsoformyatidn tggedid o t he
phenyl group. 14. p fo |.val erate through
hydr of ormyl ati on 05598%3%38% %gﬁ%régpﬁéngh%g%?’e%%aq%é %%leoﬁ %Iaerast one
ot her isoneric pentgdvagenwt hetevabed npressure amt nkﬂmnﬂaetruﬁwcﬁrmgﬂm at
el evated gressure ek at t e§f{§ﬁ% ﬁ§§¥
atrrphenprhosphrngpgﬁﬁgggcégrygg%iﬁm ?ﬁatthetr éguﬁ ﬁ%ﬁrmar%?%ﬁfn
substituted with fthettbheheRylphesphige t i %QmﬁHthﬁﬁﬁtQ¢|Wﬂﬁ#wﬂphosphrne
is water-soluble aﬂﬂn¢ﬂ1éﬂ@1 éh@uﬁ@aﬁﬁaﬁﬂkhé sadt iy i n the presence of

wat er. 15. Process cC to claim14,  charact rrzed n that th
t ri phenyl phosphi ne f ](P) j;@e?ﬁ%}al%? T RS I“brfg?ﬁtcaﬁei‘e
fornmula: [err] reaction is carried out in the presence of water.
10 12. Process according to claim 11, characterized in that
the triphenylphosphine is represented by the
following general chemical formula:

Ar - (SOMY),,

15 P<—Ar - (SO,MY),, (1)
Ar - (S°3M1)n3
or
Ar - (COOM,),,
20 par - (COOM, ), , _ (2)
Nar - (COOM, ) .5
or
Ar - (N(R');X),,
25 par - (N(RY)4X) ., (3)

Ar - (N(RY):X).,

where Ar represents a phenyl group, M* and M?
represent a cationic organic or inorganic radical, X

30 represents an anionic organic or inorganic radical,
R' represents an aliphatic hydrocarbon group with 1
to 18 carbon atoms and nl, n2 and n3 may,
independently, be 0 or 1, the sum of nl, n2 and n3
being greater than or equal to 1.

35 13. Process according to claim 12, characterized in that
the sulphonate group in (1) is meta-substituted and
the carboxylate group in (2) or the
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_Ferr] where Ar
Ggationic organigﬁ,

i norgani c radicad, I

nts a phenyl group, [err] and [err] represent a

e
lwwﬂﬁ ' dical, X represents an anionic organic or
WW#{EMS an aliphatic hydrocarbon group with 1

.to 18 carbon atons and ni, ©12+and n3 mayi Adependently, be 0 or 1, the sum
of nl, n2 and n3 being greater than or equal to 1. 16. Process according to

oo 2 APl el 2 G Rk 4 D

cl aim 15

nmet a- substi t ut ed

radi cal s of the anpata-tenlsetituted Qo itheaplemtbsyridug.ed to the phenyl
group. M- ProEeS eSSl £0: hS I QNG A AT i wlianaier | zed T
i'soreri zation of a 3-

that said m xture 1's prepared g/

ent enoate. 18.

Process accordi ng tirewgh crzdrsf ety iat iop 10f a Mkstaiie icomPr s imedt he

rati o betwyeen org

used) and water

Pt PHGHEe £ATL¢ S1dHkt Ehd BRI Alomiid S Yeritindate

I S between 10: 90 and _90: 10. 19. Process_according to any
one of clainms 14- MB1tRLATRIR MORRKiIGe 1and RYeqHlaf MYATPIRR & i's bet ween
5.8 and 10. 20. Prerevstedopresngré ard)tanserdtuiaiit the i esthmyeadferi zed

lation.is

nt.ai nj ng 3- and

in that the hydrofar er f.or W th.a mxture co

4- pent enoat esyand ’%ﬁ% “flplea%%n? e‘g’il%lfe%?ﬂp%rh?s’eé}%lﬁee' [ rpatrtﬁcgterﬁlxzte telies

bet ween 5 and 90% et tthize t ot Hpheriy Iphmsploine)is o subsdddmitast oridimg to
Lochar act egized dfhi ol e G Wle YuskiRifinpate |ies between 20

triphenylphosphine is water—soluble and in that the
reaction is carried out in the presence of water.

claim 20
and 80%

15

20

25

30

35

15.

Process according to claim 14, characterized in that

the triphenylphosphine is represented by the
following general chemical formula:

Ar
P:::Ar
Ar

or
Ar
Pﬁ::Ar
\Ar

or
Ar

P/Ar

Ar

(SO3M1 ) nl
(SOzMY) ., (4)
(SO M),

(COOM, ) 1
(COOM;) 2 (5)
(COOM, ) .5

(N(RY);3X) 5
(N(R*)3X) 5 (6)
(N(R*) 3X) 3

where Ar represents a phenyl group, M! and M?
represent a cationic organic or inorganic radical, X

represents an anionic organic or inorganic radical,

R! represents an aliphatic hydrocarbon group with 1

to 18 carbon atoms and nl, nZ and n3
may, independently, be 0 or 1, the sum of nl, n2 and

n3 being greater than or equal to 1.
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_22. Process according to any one of claims 5-9, characterized in that the
hydrofornylation is carrmml\i“ “rccordi ng to a process described in any one

o erarms 2L { L 26 -

16. Process according to claim 15, characterized in that
the sulphonate group in (4) is meta-substituted and
the carboxylate group in (5) or the cationic radicals
of the ammonium salt in (6) is para—-substituted to

5 the phenyl group.

17. Process according to any one of claims 14-16,
characterized in that said mixture is prepared by
isomerization of a 3-pentenocate.

18. Process according to any one of claims 14-17,

10 characterized in that the ratio between organic
phase, comprising the pentencate and solvent (if
used) and water is between 10:90 and 90:10.

19. Process according to any one of claims 14-18,

characterized in that the pH of said water is between
15 5.8 and 10.

20. Process according to any one of claims 14-19,
characterized in that the hydroformylation is
performed with a mixture containing 3- and 4-
pentenocates and that the content of 4-pentenocate in

20 this mixture lies between 5 and 90% (on the total of
pentenoate).

21. Process according to claim 20, characterized in that
the content of 4-pentencate lies between 20 and 80%.

22, Process according to any one of claims 5-9,

25 characterized in that the hydroformylation is carried
out according to a process described in any one of
claims 14-21.

23, Process as substantially described in the

specification and the examples.
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