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FORMYL VAL ER¥Q B8/189RPOUND The invention rel at eSPGRINEIIN0S¥esS
for the continuous preparation of an al kyl 5-fornylval erate by
reacting an al kyl 3-pentenoate w th carborl monoxi de and 10 hydrogen by
hydrof ornmyl ation using a catal yst systen1 conprising rhodiumor iridium
and a nultidentate organlc phos |te I|oand accordin to the gener al
fornmul a: [err]PCESS ~° THE ONTI VA N AT 1 XN RYwal ent
organi ¢ briglgi ng group andFORMWhVﬁﬁEkhQEeGGMPOGNDS Rierr]- R[err] are
nonoval ent 30 aryl groups. Such a process is described in

WO A-9518089. - This patent application describes a process in which

met hyl - 5-f ornyl val er at e Thepiagentdon trielates &l iavipnocess FoBOhSt arti ng
frommethyl 3 BeRteRERLe BReddrdeiandrar® b1ty S0y VATl fle P U™
reacting an alkyl 3-pentenocate with carbon monoxide and
10 hydrogen by hydroformylation using a catalyst system
éomprising rhodium or iridium and a multidentate
organic phosphite ligand according to the general

formula:
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in which n is 2-6, X is an n-valent organic bridging
group and in which the end groups R!-R? are monovalent
30 aryl groups.
Such a process is described in WO-A-9518089.
This patent application describes a process in which
methyl-S5-formylvalerate is prepared with a selectivity
of 80% starting from methyl 3-pentencate using a
'35 catalyst system consisting of rhodium and a tetravalent
organic phosphite, in which R! and R? are phenyl groups
substituted on the ortho and para position with a tert-
butyl group and X is a group according to C-(CH,~),.
A disadvantage of this process is that the
40 catalyst is not stable over a prolonged period of time.
For example after some days of continuous operation the
reaction rate will continuocusly drop due to
deactivation of the catalyst. Deactivation of the
catalyst is not desired when performing
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formylvaleric acid is formed due to acid catalyzed
hydrolysis of the ester group of the alkyl 5-
formylvalerate.

The addition of an acid, such as aromatic
compounds substituted with carboxylic or hydroxy
groups, to a rhodium-organophosphite complex catalyzed
hydroformylation process is known from EP-A-590613. The
organocphosphite ligands described in this application
however differ from the ligand according to formula (1)
in that the end groups of the bisphosphite ligands are
connected to each other, forming a cyclic structure.
The cyclic structure is present when two of the organic
groups (groups like R! and R?) are connected with each
other. According to EP-A-590613 the catalyst
deactivation is caused by the presence of this unique
cyclic end group structure. The degradation producf of
the ligand described in EP-A-590613 is referred to as
"the poisoning phosphite" having the corresponding
cyclic structure. Such a poisoning phosphite however
cannot be formed when a phosphite according to formula
(1) is used. | '

, The acid is preferably present in an amount
of 0.05 to 20 wt% during the hydroformylation reaction.
More preferably between 0.1 and 1 wtk.

The acid can be any acid with a pKa between 1
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(1) are prefepquttHngHétsﬁMenoZOdPtterent nDnovaIent aryl groups with 6
to 20 carbon atoms. gi Jrg i B PUSHALA § e LPE#EEARYS the
15 same or different monovalent aryl groups with 6 to 20
carbon atoms. It is to be understood that the various
R! and R? groups can be different from each other.
Preferably all R' and R? groups are the same because the
resulting ligands are more readily available.
20 Preferably R! and R? are monovalent aryl groups, for
example phenyl, containing at least one group, R3,
other than hydrogen in an ortho position relative to
- the oxygen atom, where R?® is a C, to C,, alkyl or Cy-C,,
aryl group and preferably a C,-C, alkyl group. Other
25 preferred monovalent aryl groups for R! and R? are
monovalent fused aromatic ring systems with 2 or more
rings having 10-20 carbon atoms. R* and R? can
optionally be further substituted with for example Ci-
C10 alkyl, Cg~C,o aryl, C,;-C,, alkoxy, C,~C;, aryloxy
30 groups, triarylsilyl, érialkylsilyl. carboalkoxy,
carboaryloxy, alkylcarbonyl, arylcarbonyl, oiazole,
amide, amine or a nitrile or halogen groups, for
example F, Cl or Br. )
When the aryl groups R* and R? are substituted
. 35 with at least one R3*-group in the ortho-position
relative to the phenolic oxygen atom, higher linear
selectivity is observed using these ligands in a
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15 w1th groups other than hydrogen. It has been found that
when R! and/or R? is such an unsubstituted aromatic ring
system, high catalyst activity, a high selectivity to
terminal aldehyde and a high linearity can be achieved.
Examples of such fused aromatic ring systems are

20 phenanthryl, anthryl and naphthyl groups. Preferably
9-phenanthryl or 1-né§hthyl groups are used.,

X is preferably an organic group having
between 1 and 40 carbon atoms, and more preferably
between 4 and 40 carbon atoms. Bidentate ligands,

25 having a bivalent bridging group (n=2), are most
mentioned in the patent literature. Examples of
bridging groups X can be found in US-A-4748261, EP-A-
556681 and EP-A-518241. Preferably the bridging group X
is such that the multidentate phosphite ligand can form

30 a chelate-type complex with the metal employed (rhodium
or iridium) during the reaction conditions. By a
chelate type complex is meant that (substantialiy)-at
least two phosphorus atoms of a ligand molecule form a
coordinated bond with one rhodium or iridium atom/ion.

35 By a non-chelate-type complex is meant that only one
phosphorus P atom of a ligand molecule forms a
coordinated bond with oﬁe rhodium or iridium atom/ion.
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in which Q is -0~, -S- or a -CR‘R%- divalent group and m
is 0 or 1 and R* and R’ is hydrogen or a methyl group

20 and Y and 2 hydrogen or organic groups containing at
least-one carbon atom, and more preferably containing
1-20 carbon atoms. Preferably m=0.

Preferably Y and 2 ére individually selected

, from the, group of alkyl, aryl, triarylsilyl,

25 trialkylsilyl, carboalkoxy, carboaryloxy, aryloxy,
alkoxy, alkylcarbonYl, arylcarbonyl, oxazole, amide,
amine or a nitrile.

For ¥ and 2, the alkyl group is preferably a
C;-Cyo alkyl group, for example methyl, ethyl, propyl,

30 isopropyl, butyl, tert-butyl, isobutyl, pentyl or
hexyl. An example of a suitable triarylsilyl group is
triphenylsilyl and examples of a suitable triaikylsilyl
group are trimethylsilyl and triethylsilyl. Preferred
aryl groups have 6 to 20 carbon atoms, for example

j35 phenyl, benzyl, tolyl, naphthyl, anthranyl or
phenanthryl. Preferred aryloxy groups have k to 12
carbon atoms, for example phenoxy. Preferred alkoxy



9518089. Preferably bridging group X has a structure according to
formula (2) or (3): [err] 10 in which Qis -0, -S or a
- CRARS5- di wa) sgrioogyy oup and m is 0 or 1 and R4 and R5 i S ¥yFINOT®0s9s” a
met hyl group - 20 and Y and Z hydrogen or &rgani c groups containing at

| east one carbon atom and nore preferably containing 1- 20 carbon
atons. Preferably neO0. Preferably Y and Z are individually

selected  fg ﬁ&ﬂﬁ@eha@éovpt@f20|KﬂiboﬁrahomérlEb!'§kbMF1e25ethoxy,
trial kylsilyl,_ carboal cg oarglox§P oxy oxy,
al kyl car bonyl ,F%5YFEar bBRYTOUBREY 15hPLeP gﬁ?ﬁ@‘BF anitrile.

For Y and Z,t&tkz&&qtbgnphgrospprhaeeablyoalz caEbeﬁlatahbylf@moup for
pentyl Cor - exghpte mBERPYcarBinyd  BLERKby P bArpORFL; B ey ceR® Y
tri phenyl sPl yla %Rbﬂ@YbsgéﬁuasshavabVetDrlalhgrbpnyatoms.gﬁ@mp are

| trlnEthy|S||y|eiﬁﬁb1é'ﬁh@ﬁgﬁééYbon?iefgiéfgfred ?h%hegg Bl h%%% i? 20

carbon atons p enyl enzy ht Ryl ant ranyl
phenant hryl . Pt ¢ br&‘e%@ ARk BrRAeTF @) amine 9%@%%@%’6@@‘ for
exanpl e phenoxwwoFcfﬁGyramtymIgrqnps.
Most preferably, ¥ and 2 are individually a

10 carboalkoxyl or a carboaryloxy group, —CO,R®, in which
RS is a C,-C,¢ alkyl group or a C,~C,;, aryl group and
preferably a C,-Cy alkyl group. Examples of suitable
Ré-groups are methyl, ethyl, propyl, isopropyl,
n~butyl, tert-butyl, isobutyl, phenyl and tolyl. Even

15 more preferably both Y and 2 are the same carboaryloxy'
and more preferably the same carboalkoxyl group because
the resulting ligands are more easily obtainable.

The group according to formula (2) or (3) can
optionally be further substituted with other groups,

20 for example halogen, for example Cl or F or one of the
substituents which may be present on the bridging group
as described above. |

More preferably the bridging group is a
2,2'-dihydroxy-1,1’'-binaphthalene bridging group

25 according to formula (3) substituted as described
above. It has been found that when using these ligand
compounds a high selectivity to alkyl 5-formylvalerate
can be achieved at a high reaction rate. The ligands
having bridging groups according to formula (3) may be

30 prepared by a variety of methods known in the art, for
example, see descriptions in US-2-4,769,498; US-A-
4,688,651 and J. Amer. Chem. Soc., 1993, 115, 2066. The
organic bidentate phosphite compounds according to the
invention can be prepared with the 3- or

35 3,3'-gubstituted 2,2'-dihydroxy-1,1'-binaphthalene
bridging compounds. The binaphthol bridging compounds
can be prepared by procedures as described in



WO 98/ 19990. ' PCT/ NL97/ 00596
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Prep. International, 1991, 23, 200. Ih? phosphi t e conpounds can be
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Irgand, optionally in a suitable solvent, in accordance 5 wth well-known

conpl ex-form ng nethods. The sol vent will generally be the solvent used
inthe hydr of ormyl ati on. Suitabl e rhodi umand iridium conmpounds are
for exanpMERPPes, halides, organic_ acid salts, acethOTAUSTOMIGES,
inorganic acid salts, 10 oxides, carbonb? ‘conpounds and am ne conpounds of
t hese net al s. Exanples of suitable catal yst precursors are, for
exanple, 1r(CO 2(acac), 1r4(CO 12, Rhd 3, Rh(NO3) 3, Rh( QAc) 3, Rh2Q3,
Rh(acac) (CO) 2, Rh(CO 2(DPM, (Rh(OAc) (COD)]12, Rh4(CO 12, Rh6(CO)16
RhH( CO) (Ph3P) 3, 15 [Rh(OAc)(CI»Z]Z and [RhQA (COD)] 2, (mherern acac" is
an acetyl acetonate group; "Ac" is an acetyl group;;/~COD is

1, 5-cycl ooct adi ene; and "Ph" is a phenyl group, DPM

2,2,6,6-tetramet hyl|- 3, 5- hept anedi onat e group). t shaoul d be
noted 20 that thg “Hp and iridi um conpounds “SLg eg arily
limted to the abo) i 3=£d conpounds.

preferably rhadiu Q - I'n orderto furtheQ eothe
stability of 4 T(systemrt IS preferred 0 add sonme 25

organophosphorou3300 ndgwhi ch has a coordinatfo strie th t _
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160[ err]-220[ erMeO Thi s |promerr nonodent at e phosphine can be
represented by the general 35 ormula P(R )3, where the groups are

or gani ¢ groups that are chosen so that the steric p§ Gﬁ}[err] of
t he phosphine is between 160[err]- and 220[ err],
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- 13 ¢ * 170[err] and 210[err]. The steric paraneter [err] is the top
angl e of a cylindrical cone, centred at 2.28 A (10[err] m from t he
centre of wowosabesephorus atom which just _touches t he VROTONLOT7/OGSAE S
radii of the outer atoms of the R 5 substttTents of a symmetrical

P(R ) 3- phosphi ne (see al so "Chem cal Reviews, 1977, Volune 77, pp.

313- 348" by C. A Tol man and US- A-4169861). The organic
group R of the PR 3 phosphine is pref erably an aliphatic, alicyclic or
aromatic group 10 wth 1-20 carbon g 5 ef erably 5-12 carbon atons,
and the three R groups may be the s fferent. The R group may

contain one or nore hetero atonsy foO pl ¢/ oxygen, nitrogen or a
hal ogen. ' Exanpl es 2?. pNosphi nes according 15 to
the invention are tri (isopropyl phospRi °\t rp(sec- but yl ) phosphi ne,
tri benzyl phosphi ne, tricycl ohexyl pposphene,

di cycl ohexyl phenyl phosphi ne, di (R ZRut yl hgenyl hosphi ne,

tri neopentyl phosphi ne, tri(1-butyjl)jphosphyne .
tri-(o-hydroxyphenyl) phosphi ne, 11( O- enyl ) phosphi ne,

tri (pentafl uorophenyl ) phosphi ne;| 20l y 2 ne and
trimesityl-phosphine. A mxture of two or nore of t hese conpounds is
al so suitable for use as the nonodent at e phosphi ne. Preferably, the

PR 3 phosphine 25 is yl phosphine, tri(t-h
tri(o-tolyl)phosphine.
IS used as the non 3
the invention. Tri (oKX pF¥ ) phespld-he is 30 cheap!
shows a high effed i yen n smal |l anmounts.
stabilizing phosphite Ccg@mourgls

| )#Tsphi ne or

O

o] Exanpl es of
are triphenyl phoﬁ)_h' té, o :

i
tri(p-tolyl)phosphite,./ tr (e-tol yl ) phosphi te,
tri(o- 35 isoprdpyl phgnyl) plho hfte®
tri(o-t-butyl phe ) hi t hife,
tri(2,4-di-t-butyl ph pho
2
.@ "0{ .
O O _
o \ 0O }3 o
P P \
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WD 98/ 19990 PCT/ NL97/ 00596 . :

- 14- erythyl-(2, 4- d|-t but yl phenyl phosphite) and the commercially
avai |l abl e é? %x and Weston phosphite conmpounds of GCpgenglorbfRgt i C
Pl asti cs. éﬁ% s of preferred stagHBl zi ng phosphite conpounds are
tri(o-t- 5 butyl phenyl)phosphite, tri( "di net hyl phenyl ) phosphite and
tris (2,4-di-t-butyl phenyl)phosphite. The al kyl group of. the
starting al kyl - 3- pent enoate ester conpound preferably has 1-20 and

nore preferably 1-6 carbdfh GRARYsEayeren wsed1iesthe PLPREES
3- pent enoat esadéSr dEidVEo . t 81 HYinv@hODYh-can bel pOEpapEl- byt mmwxa

tyl d t P et hyl - hy/l
Doy e, LS e b i e B o, ELSLRIRA YA TR DHL g RN O
nore readi |y bigahdpleptiidmeklkyinlsd s3ipablensaleensteincecpordanne) be
Dot o8 T ehFe1 1 ka8 A ohidfe 2L 8- AL kY| mdrnBRM. Otnd) kBl vEdfon! encal o

conpounds. The pent e nposition of 0-10
% al kyl 2- peﬁ?%hbaﬁ%ne{ﬂ¥&M6%?k§he SOlHepénﬂéﬁéaﬁé £he 60 100@63 pent enoat e

in which the RParbpbhy DAt 8bkY| sRephBEAL ASARUA Hﬁdt(iria@.%m

The al kyl 5-for Ivaéerate gan advan ageogsl§ E éﬁed in the

prepar at i on o?°ng?PT B aPF 81 GRF aR¥BMPASR rides, halidRSeh OXFMHcursors
for respectivetidNgabusp aﬂdtylacé&bﬁﬂtés@ idbrganic acid Badts,

hydrof or g &t be0aBEOSESEnaRYE! ShRHokRABNEna amibl’ BRERREA" die BRILS" e

as descri eis en room
t enper at ure am@tals. EE@@PlaﬁdOﬁDSEipﬂbierGatylwﬁﬁnFQSGGKSRI&(§Q§OC: The

pressure may fa{—ye&afa?%a& ”?ﬁ/gbéﬁkFa@éé’?S”f?“éb’]lePm‘c‘o‘? RhQNag)yg 1 MPa.

preferablyfrom ahd nore refera romo
The pressure RB(QBRAsaIRYCs: RB{ASRIGNe Mpﬁ’éd(ﬂgmmen and car bon
.monoxi de {Rh(OAc)(COD)],, Rh;(CO);;, Rhg(CO),;4, RRH(CO)(Ph;P),,

15 [Rh(OAc)(CO),],, and {RhC1(COD)},, (wherein "acac" is an
acetylacetonate group; "Ac" is an acetyl group; "COD"
is 1,5-cyclooctadiene; and "Ph" is a phenyl group, DEM
is 2,2,6,6-tetramethyl- -
3,5-heptanedionate group). However. it should be noted

20 that the rhodium and iridium compounds are not
necessarily limited to the above listed compounds.

The metal is preferably rhodium.
In order to further improve the stability of
the catalyst system it is preferred to add some

25 organophosphorous compound which has a coordination
strength to rhodium less than the multidentate
phosphite ligand. Examples of suitable
organophosphorous compounds are phosphites and
monodentate phosphines. The presence of the

30 organophosphorous compouns avoids oxidation of the
phosphite ligand. | )

Preferred phosphine compounds have a sterxc
parameter 8 of between 160°-220°. This preferred
monodentate phosphine can be represented by the general

35 formula P(R’');. where the R’ groups are organic groups
that are chosen so that the steric parameter 8 of the
phosphine is between 160° and 220°, preferably between



parthal pressure. Extra inert gasses may however be present. The nol ar
rati o hydrogen : carbon nonoxide is 35 generally between 10:1 and 1:10 and

pref er abl ywiees/se9o 6:1 and 1: 2. The anpuRCTOILIT/HASAS um
or iridium (conpound) WO 98/ 19996~ 13 - 15

PCT/ NL97/ 00596 I's not specially limted, but is optionally sel ected
o) that favorable results can be obtained with respect to catalyst
activity and nno@eas:deczqm Cfhe | sk GEDET zametethe ganeaet rtaat;i' Qﬁ:

r hodi um or |r|2|un||q |§i& ction 5 ne S g %g 0 ppm
and nore pref 8 af rF?RFiO%%“% %% EB d

The nol ar ratmmeotdmuhyuaﬂexhﬁuphﬁ&pnotugaadom, whdchh@ﬁsﬂnﬂﬁhdheshun1is

general ly fro t p e
Iigand/nDI %?%%?(ééiiéhﬁ pré?era§$y£ﬁéséapk¥ E%Q? eFé%% y t he
ratio lquﬁﬂtq.qﬁsasmxmmeuevceluBﬁB'Dg—phganhlee (seer hodi um

COﬂCGntrathﬂa‘Msld IR0 REPIREECLbY7, volaRE! 17N pB.| AMF-g4epl d to
al kyl 5- fornylvalerat een_found t hat by perforntng t he
d

process with S¥cfF-fs %ﬂqﬁﬂﬂn$kﬁ§ﬁ e4t8286%9 -1 i gand to rhodi um (or
irigiun) the Ilgamdmhgﬂambanﬁm gtivgépt R 'obeeheaPres bh&ﬁphlnﬁ lﬁ -
oxi dati on, rming. the cess a slight
excess of |i ggn eo ?ﬁg{jla\t??n{h ‘%%?h?u llgycgtlgvmofl atg@%\ryé‘rcerq:&i‘qo
moni tor tHe ceiddntl-20 sragber @omgegprefierah)yob—iRe crirdmnd aj:mmsmg t he

course of theang tHRNIUHEERISR PrPESSSsmayadd thesBakiedard dirffér:deﬁtt
remain in the eferred ran es of operation ol ce of

sol vent is not iR | GHOUP My KPRk 1Ph%n§oP§eHPrFshﬁ@PrGEPMQHﬁneﬁ°ﬁo
catal yst, 25 exumﬁkenoxygeﬁprnptﬂdgah.oihe hRallvgen.may be the m xt ure

of reactants, such as‘“ﬁ&éﬁéﬁéé”&f“ﬁéﬁ% en%age phosphines according

15 to the invention are tri(isopropylphosphine), tri(sec—
butyl)phosphine, tribenzyiphosphine.
tricyclohexylphosphine, dicyclohexylphenylphosphine,
di(t-butyl)phenylphosphine, trineopentylphosphine,
tri(t-butyl)phosphine, tri-(o-hydroxyphenyl)phosphine,

20 tri(o-methoxyphenyl)phosphine,
tri(pentafluorophenyl )phosphine, trx(o-tolyl)phosphlne
and trimesityl-phosphine. A mixture of two or more of
these compounds is also suitable for use as the
monodentate phosphine. Preferably, the PR’, phosphine

25 is trineopentylphosphine, tr1(t—buty1)phosph1ne or
tri(o-tolyl)phosphine.

Most preferably, tri(o-tolyl)phosphine is
used as the monodentate phosphine in the process
according to the invention. Tri(o~tolyl)phosphine is

30 cheap, readily obtainable and shows a high
effectiveness in small amounts.

Examples of stabilizing phosphite compounds
are triphenylphosphite, tri(p-tolyl)phosphite,
tri(isopropyl)phosphite, tri(o-tolyl)phosphite, tri(o-

. 35 isopropylphenyl )phosphite, tri(t-butyl)phosphite,
'tri(o-t—butylphenyl)phosphite, tri(2,6-dimethylphenyl)
phosphite, tri(2,4-di-t-butylphenyl)phosphite, penta-



compound, the al dehyde product and/ or by-products; - Sui t abl e sol'vents
I ncl ude saturated hydrocarbons, for exanpl e kerosene, mneral oil or

cycl ohexa ﬁ%’ ﬁ{s 30 for exanple diphenyl ether tetrahysroiuyoses: a
pol yet hyl eneglyCcol, for exanple Carbowax 18V-400, ket ones, for exanple

met hyl et hyl ketone or  cyclohexanone, nitriles, for exanple
2-nmethylglutaronitrile or benzonitrile, aromatics, for 35 exanple toluene

benzene or xykg @hYQSQQra,dEQQJ@ﬁyyyﬁh ﬂqgéyﬂ (yﬁafiﬁg caprol act one,
T I Up rbid d th de f
eigﬁgfe[err] CVEWQBFEQQQS avglﬁgble Ufé?%nox anénagston P osggs é or
PCT/ NL97/ 00596ompounds of General Electric Plaldtics. Examples of
e o SRR S, sBaB AL i bler e dBistunas 2B (B3R! e
hydrofornﬁiatbuhy&@hemelp@Mﬁaphitew1tﬂﬁﬂZ&6+dxmbthy}phﬂn!¢)Dhcshhehables
the reactantsahg Q@ gelb 4_dfnqukg¥f§héﬁ$? {téysten1and car bon

9

nonoxi de and cont nuous process i's

preferably per f or rreéFb@y addit rARR \of dibri sp kg ALKRE-| i quid 10
reacti on nedi anfpfem@ﬂdae:dnéyﬁxordmﬁ;%um [S@é\ﬁéﬂibl yhss 1-201 xhare

the solvent | BES GISAraBLY 7 Eknop s tone paeeiies Shictatbon
nonoxi de Xhd alkyﬂydﬁmyantﬁnnaﬂaaxhnelmemhwhedlethlﬂ,grépytf.step any 15
R Bromturs (BBRbPLIRE S UGN GRL Mta 1 XLLE DY ST
hydrogen nay E&clo Qﬂﬁkﬂ§T999¥9RP¢&%fd?%?ﬁ?@%ﬁlbﬁmGQMﬁlalR?Ieshyl 3-
fornyl val er at penttmatied flugdd et SE0Pt En@NeomPurd boealis8gtR¥ser oduct s,
for exanpl e al%ﬁ\gﬂéggué%e more readily available. The alkyl

15 3-pentenoate ester compound may be present in mlxtures

~containing also alkyl 2- and/or alkyl 4-pentenocate
compounds. The alkyl pentenocate mixture may have a
composition of 0-10 % alkyl 2-pentenoate, 0-30% alkyl
4-pentencate and 60-100% 3-pentencate in which the

20 total of alkyl pentenoates add up to 100%.

The alkyl S-formylvalerate can advantageously
be used in the preparation of e-caprolactam or adipic
acid, which are precursors for respectively Nylon-6 and
Nylon-6.6.

25 : The hydroformylation process according to the
invention can.be performed as described below. The
temperature is preferably between room temperature and
200°C, and more preferably from about 50 to 150°C. The
pressure may vary from atmospheric pressure (0.1l MPa)

30 to 20 MPa, preferably from 0.15 to 10 MPa and more

- preferably from 0.2 to 1 MPa. The pressure is generally
egual to the combined hydrogen and carbon monoxide
partial pressure. Extra inert gasses may however be
Present. The molar ratio hydrogen : carbon monoxide is

35 generally between 10:1 and 1:10 and preferably between
6:1 and 1:2.

The amount of rhodium or iridium (compound)



br'anched al dehydes and any forned water are preferably separated from
the catal yst systemin one or nore distillation operations perforned at

reduced prepIAicI0 The pressure is preferably | ow enoughpremi97oé¥ee-t O
25 performthe distillation at a tenper&dure bel ow 100 [err]C. An

exanple of a distillation unit is arolled film evapor at or. Anot her
sui tabl e separation nethod is menbr ane separation as for exanple
described in 96 Aot spe2GadA¥7li®ited,Muutds Pptiofal Iy ngelddttedepar ation

30 are of co | R}l | yst, .system.|s recycled to
t he hydrof or nypgt% i ?ﬁ%&%@’?‘?{&e&rﬂ&ﬁgﬁ%%d °bta¥n13/n%nrvé’at:c erae%ﬁ’??/\y J"° _
pent enoat es afFatalystr agrdvddn @nd pradessetarianing atImrgereradbs. Any
al kyl 2-pent epgat @oncent¥a®I¥H des fHSH BRI Yy %ﬁﬂrxgﬁt'&é‘l KactioR! 4

35 pentenpate in a separate isqnerization ste - feeding the
al kyl pentenolfdinm s batyean. 10 and, i} .ACh RRMaRH MLk iRFefeFARkY I e

of such an  betwder&0HAWD ppm, calculated as free metal. E
PCT/ NL97/ 00596

R s 17 - I, Sspnerj zation
process is described in S ROIFaddFio of bidentate phosphife, 1%?&1 are
separ at ed fr oot Ehodiun giraliydid isays t i generalde riaddny atwmat o0 <8 €oom each
ot her by di st iplgloataigy- ' | i , :

0 AR of Lo e 1 o et e

extractiqn and crystallization,. are however

5-f or myl Vi er 308 MOs} Hratanaply less,dhand ¢3 oR5ekerakhy ke pvabioduct s,
al kyl 3- and is hilghér 4Ha M.J05) Sl devil$idnd ain ONi gdh@Ser br anched

Bt arting compd s rtiesaRaAs T oEbEE ffen 'Wof a¥eomat {EREEE Tocn 1 ound
that it is vergsult ddvantloyesuy el ¢ dt akkyheés+Eomimylial ergteat Btyst
?ﬁﬁ@%&ggﬁ%‘%ﬁﬁﬁg%ﬁﬁ? ﬁ‘}(a‘mﬁ’ﬁ"%lﬁ‘e prééesd witn ‘§agh! Do

15 a slight molar excess of ligand to rhodium (or iridium)
the ligand degradation, due to other causes than
oxidation, is decreased. When performing the process
with a slight excess of ligand to rhodium (ot iridium)
it will be preferred to monitor the concentration (and

20 degradation) of the ligand during the course of the
continuous process and add fresh ligand in order to
remain in the preferred ranges of operation.

The choice of solvent is not critical
provided the solvent is not detrimental to catalyst,

25 reactant, and/or product. The solvent may be the
mixture of reactants, such as the starting unsaturated
compound, the aldehyde product and/or by-products.
Suitable solvents include saturated hydrocarbons, for
example kerosene, mineral oil or cyclohexane, ethers,

30 for example diphenyl ether tetrahydrofuran or a
polyethyleneglycol, for example Carbowax TM-400,
ketones, for example methyl ethyl ketone or
cyclohexanone, nitriles, for example
2-methylglutaronitrile or benzonitrile, aromatics, for

35 example toluene, benzene or xylene, esters, for example
methyi valerate or caprolactone, Texanol® (Union
Carbide), or dimethylformamide, sulfones (for example



15 has been found that specific acids may formdue to degradati’on of °
t he phosphite ligand in the process according to the invention. It is
bel i eved, w bdrsdo bei ng bound to any theory, that trac®CTaNLI7I0596
specific acids have an detrinmental effecteor the 20 stability of the
phosphite ligand. It is therefore advant ageous to separate these acid
conpounds fromthe continuously circulating catal yst systemto avoid a

bui 1 d up of tbs&aﬁ\gtﬁgleﬁ%u&%@,&x@ L gglevw'ataqltt%nb%% ©xtra GARAUNd may

t ake pl ace at st conposition IS present.
For exanple t ﬁ@part ﬁé&&‘t GPeeWPIt@énﬁ%mdoéncGﬁteaé’Fé’G%st)h ishddasi c
conmpound. Prepeegbryehe catal yst syst emis contacted with the basic

conpound aft’er separati e- al%ﬁ rodugt fro the at al

system Exanpl es of bas&g 3%‘ 5%\5{3@%’33;) % %% (f %’dﬁ e CaO
and MpO. S5 Riefepfbkpakdoer edpihc mmmmmmwm bendrell nost
preferably thg;bay Qrﬁ?xm%(ﬁ%n%atﬁlgsrte%'a&t@n\”a carﬂ?ﬁis'n&rﬁyﬁlw ar@(a”pl €s

of possi bl e basic groups ary or tertiary amne groups,
according to h¥AROZ®Ner -NR2, in which Ris an organic group, preferably a

Cl- C6 al kyl groups, norepy %f&fﬁmwbd?tﬂ%cess is preferabifgxanpl es of
commerci al ly avail abl e resins WD 98/ 1999

PCT/ NL97/ 0059§erforme bY contlnuously remov:.ﬁg _part of M%H.Jﬁhlq)e used

are Anberl0 st réaztioh 22dikn®FEronl the hydidfdrintiatiot rdeactdrarthiwmne of
Rohm & Haas). e t ﬂq@t t necessary to
use an excggg%o ﬁ?mprq's(ftéqetﬁ%ﬁ{yolc?s? ac 1%(#19&'#(% t hﬂe i nventi on,

conpared to tlcatigdsist snsdenpr monadltmé:he sqlésantr |Ry-pr @die%s pat ed
that the aci du‘ﬂr'iac.@é@ d1k ¥ penteBt e Sid &SarBin ‘Mdﬂo:@ﬁié emdaced by

stronger aci d% he _above descri bed_]igand degradati on roducts
ydrogen d1ssolved in said medium. In a irst steg

15 carbon monoxide and hydrogen is removed from this
mixture by reducing the pressure in for example a flash
operation. This carbon monoxide and hydrogen may be
reused in the hydroformylation. The alkyl 5-
formylvalerate, unreacted alkyl pentenoate and low

20 boiling by-products, for example alkylvalerate,
branched aldehydes and any formed water are preferably
separated from the catalyst system in one or more
distillation operations performed at reduced pressure.
The pressure is preferably low enough to be able to

25 perform the dlstlllatlon at a temperature below 100 °C.
An example of a dlsglllathn unit is a rolled f£ilm
evaporator. Another suitable separation method is
membrane separation as for example described in WO-A-
9634687. Other methods of performing this separation

30 are of course also possible. The catalyst system is
recycled to the hydroformylation reactor. Preferably
any unreacted alkyl pentenocates are also recycled to
the hydroformylation reactor. Any alkyl 2-pentenocate
present is preferably converted to alkyl-3- or 4-

35 pentenoate in a separate isomerization step before
feeding the alkyl pentenoate mixture to the
hydroformylation reactor. An examplg of such an



(Hydnoxy phosphites) thereby liberating the weaker acid 10 which are
present in the process according to this I nventi on.

Pr'ef er abl flows are present in the process to pﬁ Y7886 -
accunulat%%%ggéﬂ%y products and t he- degr-adati on products ¢waﬁe
phosphite Iigand 15 conplex. These purge flows nostly conprise an anount
of t he rhodi um phosphite catal yst systen1 The concentration of

hodi f be, hi-gher 00 ppm -
ot 0 5USBRILAR AP Yildse 10 SREERlL Do DAEL BRGS0 BT
20 process it is necesdhe Rr@d%*‘cﬁ/é'rhim axe Separatedchrom tbenprising

thodi unt phos pba%ﬁhw‘ : e o B o e ad from
r hodi u 0s a van epus
such purge fP 6% (ﬂyié;ﬁﬁﬁﬂmgéhﬁﬁnﬁﬁ9 %Eeé%c riguesyi 608 in

WO 25 A-3963e&amp1e extraction amd awm1matidmbeaeéunoda<red with the

cont ai ning. 5. B GraRou BT tie aakvk STREBMAATPraER o PROCPFRBLYr o

[err] 35 separ%@@rmg@s branched by-products, alkyl 3- and

PCT/NL97/0059€1kF1 4- formylvalerate, by distilfhtion. ThB&Y¥i BYaRcHBEVEl ght

of 1090 grans/n%dhc%s céﬁwte burned or decarbonylated to the alkyl

10 pentencate starting compound by well known processes.

It has been found that it is very

advantageous to contact the recirculating catalyst
system with a basic compound, for example a basic
resin, as described in WO-A-8503702 and EP-A-285136. It

15 has been found that specific acids may form due to
degradation of the phosphite ligand in the process
according to the invention. It is believed, without
being bound to any theory, that traces of these
specific acids have an detrimental effect on the

20 stability of the phosphite ligand. It is therefore
advantageous to separate these acid compounds from the
continuously circulating catalyst system to avoid a
build up of these acids. The contacting with the basic
compound may take place at any'stage in which the

25 catalyst composition is present. For example the
reactor effluent can be contacted with the basic
compound. Preferably the catalyst system is contacted
with the basic compound after separating the aldehyde
product from the catalyst system. Examples of basic

30 compounds are metal oxides, for example Ca0O and MgoO.
Preferably heterogenic.basic compounds are used and
most preferably the basic compound is a resin having
basic groups. Examples of possible basic groups are
secondary or tertiary amine groups, according to -NHR _

35 or -NR,, in which R is an organic group, preferably a
C,-C¢ alkyl groups, more preferably methyl. ]

Examples of commercially available resins



RHAcAc(CI»Z, 16 grams tri-ortho-tolyl phosphine and 576 grans of,.

m Xyl ene was prepared. A Hastel oy-B reactor with a nom nal vol unme of 1
L was pres ' gdth CO5 and H2 to 1 MPa (COH2 =1 (nDI

react or vva?ﬁb&ﬁﬂ%ar ged with 200 granms of1ghe catal yst sol ut| ’8"%0
grans of freshly distilled nethyl-3-pentenoate (MP), heated to
95[err]C and left to for two hours while contin- uously feeding CO and

2 102 111 aphoo! odnhg"u6ahcald ahedds M/ REogach by e guiogl ave

After these two hours a contlnuous fé€ 288 BFans/ hr
MBP and 80 gra%%/ﬁ@mb?fllstchﬁaﬁbeasdlBamenOﬁaBOBma&tHdasoLgBaaausg from

st or age vesset Re Casé abPi BAiENBAG €0FBEYRISe Be | §geld> tion
feed was mai nt ned unti | o%al g l483 ranstogg nséé§%¥§%oﬁgmggecharged

to the autocl ave. *¥R8%re Etﬁ#e acig, ia bhe precesssagaerfingr sauthe to
MPa. The I§ve|invenbiohiqubdpaneﬂheorenetDHSWaSsKEBE ptedefiBXifugnef -

Gaosos il b tore FhotpnbrctRUygR-eRRy LY Ao vEln BTkl ER Bhe” e

gasses will exit e reac or vi a
down to at nosppRsie SltegrbgtuwelilbearBp&hcpdebgustrongataaoﬁdand1ked into

a gas- ||qutﬂesﬁﬁéﬁétQésthSeﬂailﬁﬁﬁg a%h?58§@§ﬁhngraduckgrOth a

condensor to rfﬁgge condensapl es- vent was col lected in
t he bottom of [axy| pRosRhitesd Ehpaeby FFBﬁFﬁﬁéﬂg thej vepkgrt aeddgh a
control valve whichoarefpresentl iadthel pro¢epsr atebrapagatedtaisd0[err]C
In this evgﬂgéﬁ ?ﬁ nost of the unreacted M3P, |ight by- products
and a small part o e methyl fornylvalerate 30 (MV) products were
evapor at ed under vacuum Preferapproxpusgel flowesak@apreskat! igukter esi due

obt ai ned Pok8s ftas r ahi dakhiou ugp
filled with anb i £ ér&V@ﬁQ i geﬁ2§§1§:§§§|OEAﬁg B?oﬁugg%llst
u

(i on exchange)ts%saﬁgrﬁﬁﬁﬁ?gﬁepé°3P°ﬁés°§5t Rpegphitg 1dgaAd rolled film
evapor at 085 | ncomplervaThese ppogeat Slowwkembesbiyndempoisehenuamneaated£MBP

and | i ght tRYPERGEELR/BRIsBRI teOkat ity R DyLEgRVAKE! erate product

concentration of rhodium in such a purge flow will
generally be higher than 100 ppm rhodium and lower than
2000 ppm rhodium. For a commercially interesting

20 process it is necessary to recover the catalyst system .
comprising the rhodium/phosphite ligand complex from
such a purge flow. The rhodium/phosphite ligand complex
can advantageously by recovered from such purge flows
using a membrane separat;on process as described in WO-

25 A-9634687.

The invention will be elucidated with the

following non-limiting examples.

Example 1
30 A solution containing 5.6 grams of a
bidentate phosphite ligand with structure:

35 | X OO L

( p'° O")z (A)

©



WO 98/ 19990 PCT/ NL97/ 00596

- 20 - was evapor at ed. The residue of the second
evapor at or WR$/19990 punped back into the reactor t her eby cl o HGRINEHOSAOD.
The tenperature and the pressure of bofh @vaporators 5 were adjusted such
that a constant .liquid inventory of 1200 m (if calculated back to the
reactor) is mai ntai ned in the whol e set-up as descri bed above.

Appr oxi nat el yhavhedra aelweighsr ofnd 090 aems/mal aly-10 grHms i9f ati ons -and
punps were opehRéA89co}), 16 grams téite&thé—heuw bhe,swmépamaw

stabl e operatin cond| il ons. The cent (r;%} 1.0 n react or -
was 280 ppm P3RS PLcWcxEiepe iwragap&e[p@re 5\)@% e“'t%ac"t e by

liquid chr one&bghaahyxomEnam voluiealoft i1, wvad ippeEbumriedddritth td® system

by feeding OM% . O oI utjo o] gtate .
phosphite Ilgan g@ofg#%?njg? m?x Iié g 8irﬁé°iégéen-e Ee&??&?i o of nono -
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solution was charged to the autoclave. The reactor
pressure was subsequently reduced to 0.5 MPa. The level
of iiquid in the reactor was kept at a maximum of
approximately S00 ml of liguid. Any excess liguid and
20 any unreacted gasses will exit the reactor via a'dip
tube. This exit stream was let down to atmospheric
pressure via a back pressure regulator and fed into a
gas—-liquid separator. The gas was -after passing '
through a condensor to remove condensables— vented. The -
25 1liquid was collected in the bottom of the gas liquiad
| separator from where it is fed through a control valve
to a first rolled f£ilm evaporator operated at 90°C. In
this evaporator most of the unreacted M3P, light by-
products and a small part of the methyl formylvalerate
30 (MFV) products were evaporated under vacuum
(approximately 0.05 MPa). The liquid residue obtained
in the first evaporation was passed through a column
filled with an amount of 7 grams of a weakly basic Am-
berlist A21 (ion exchange) resin. From there it was
35 pumped to a second rolled f£ilm evaporator. In this eva-
porator the remainder of the unreacted M3P and light
byproducts and part'of the methylformylvalerate product
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- 21 - Table 1 reaction time (hours) 40 165
| i'gand/ r hoviousgr19990 1.05 1.10 1.20 (nol;ldm-,)gmo{%
nono net hyl adi pate <0.01 0.2- 20 - 0.2 (Wt %

conversi on of MP 79 75 75 selectivity of

nmet hyl 82.5 81.5 82.5 10 5-fornylvalerate (9

Thi s exanpl e &h@Mhﬁdﬁﬁrd&gﬁla.continuous process }s ] pfrrorged in the
resence of a weak acid jurther ac i vation of the catalyst is
Brevented. Conpar &t} %EF%&bé tt e second evaporagprWps 1 was

repeated for raongedirback tiwd the ﬁddcagraﬂheﬁabg E&bbﬁhgadhﬂaueo ring

h nono-
oty adi ”‘St“ TS e et 400 BRCbr bl pYRR pERh SORBREaRsR ("To
have occur (ﬂﬂiﬂﬁﬁ?@ﬂﬁ%ﬁhothatné constnnth}nqaédpéneewagryonﬁl\M%

t hr oughout thaznqulrwﬁﬁ calcufﬁtébebsaﬁ eb the Qéﬁé%bﬁ?nQSthe

tri-ortho- to'%ﬁfﬁ%af |%hr§h hofe se ug agades rléeglabove.
Approxlmately 4 hours after starting the M3P feed all
distillations and pumps were operating.

10 After 16 hours the set-up reached stable
operating conditions. The Rh concentration in the
reactor was 280 ppm. A small excess of ligand to
rhodium was detectable by liquid chromatography. From
that time on ligand was fed to the system by feeding 2

15 ml an hour of a solution of 2.9 grams of the bidentate
phosphite ligand in 360 grams of m—-xylene. The concen-
tration of mono methyl adipate was <0.01 wt% at the end
of 65 hours of operation. It was found that the conver-
sion of M3P at constant M3P feed rate and hold up time

20 in the reactor dropped during this period of 65 hours
continuously from 80% to 75% at a selectivity to MSFV
dropping from 82.5 to 81.5%. '

After 65 hours 6 grams of the weak acid mono
methyl adipate were charged to the system. From that

25 time on until the conclusion of the experiment 100
hours later the conversion of M3P -and thus the acti-
vity of the remaining catalyst species—- remained con-
stant at 75%. The selectivity to M5FV increased from
81.5% to 82.5%. These results are summarized in Table

30 1. During the experiment no oxidation of the ligand was
found to have occured. At the end of the experiment
after 160 hours the tri-ortho-tolyl phosphine was found
to be partly oxidized and the ligand concentration was

0.62 mgram/gram of reaction content.
35 '



It was found that the conversion of MP at constant M3P feed rate and

hold up tinme in the reactor dropped continuously from80%to 70%with a
sel ecti Vi tyyo ogr196bp0PPIi Ng from 82. 5% to 81% 30 ExeaiNi®7hongd
conpari son between Exanple 1 and Bxperi+#ent A teaches that deactivation
of the: active catal yst species can be avoi ded by addi ng sone acid
to the process. WO 98/ 19990
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Exanple 1 wa repeated up 10 16 hours after ___starf he 1 hodi um
concentrati of a of nDno thyladlp was added ‘to
iy KT ggg“wg%“‘?eégf’éfrt"ﬂg |
as descrlbed |n Pl € 1) TN such ajrate

rati on was k«pllﬁ?nﬂ/ééﬁgﬂﬁﬂt
was done by
concentratlo = . '
concentra5|o ﬂbﬁapggtﬁygaag btgand | <o depradaty pn2 EUr|noothe cour 9 of

t he experi nerft (runtine 560 hour § ) t he convefsion re

81% and t he lngE%PVIty at 82% The ‘-thyl 5- 15 fornylva) erate production
was 75.5 gra

The il dd t ,
rate of fres‘ FPBXﬁ&SWHPchhEGPto b: stggriede?ga?ﬁ on

|

1 valluk- 9% betwéeﬁ _1L°1 1.2 {-HBP/ rml)
| (mamyﬁbamtly nDnltorlnn the |igand and rhodijun

a¥a ) L0} () [ O 2Yaa

grans per Kiljogdam of nethyl 5- ornylvaler. e produced by the prjpcess.
20 Exanplje—3 Earptie e PEe € e e
selectivity of methyl || 82.5 81.5 82.5
10 S—-formylvalerate
(%)

This example shows that when a continuous process is
performed in the presence of a weak acid further
15 deactivation of the catalyst is prevented.

Comparative experiment A

Example 1 was repeated for 160 hours without
adding any mono methyl adipate. During the experiment

20 neither oxidation of the ligand nor formation of mono-
methyl-adipate by oxidation of methyl 5-formylvalerate
was found to have occured. The concentration of mono-
methyl-adipate was <0.01 w% throughout the experiment.
At the end of the experiment the tri-ortho-tolyl

25 phosphine was found to be partly oxidized.

It was found that the conversion of M3P at
constant M3P feed rate and hold up time in the reactor
dropped continuously from 80% to 70% with a selectivity
dropping from 82.5% to 81%.

30 Example 1 and comparison between Example 1
and Experiment A teaches that deactivation of the
active catalyst species can be avoided by .adding some
acid to the process. '
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at the sane rhodi um concentrati on.
(runtime 260 hours)

25 During the course of the experlnent
t he conversion remai ned constant at 78% and the

sel ecti vi ‘99%%998‘1 5% The methyl 5-formy,valerate pro e 72, 3
grans/ hr. The Iigand degradatlon determ ned by the 30 rate
of fresh ligand which had to be. supplied to the process, is 0.96 grans

per kil ogramny,of nfth I formyl val erate produced by the process.

As can be sgéﬁ—%g—ge%parlng the rate of | i gand degradation of Exanple
2 and 3 one can see thBkafipleby wasfoepeagetihapptocess houra afit@it excess
of ligand od fi r liga consumtion is
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value of between 1.1-1.2 (mol/mol). This was done by
constantly monitoring the ligand and rhodium
concentration and adding fresh ligand to the system
when the ligand concentration dropped due to ligand
degradation. During the course of the experiment

(runtime 260 hours) the conversion remained constant at

81% and the selectivity at 82%. The methyl 5-
formylvalerate production was 75.5 grams/hr.

The ligand degradation, determined by the
rate of fresh ligand which had to be supplied to the
process, is 0.22 grams per kilogram of methyl S5-
formylvalerate produced by the process.

Example 3 .
Example 2 was repeated except that the

ligand/rhodium molar ratio was kept at a constant value

of 3 (mol/mol) at the same rhodium concentration.
During the course of the experiment (runtime 260 hours)
the conversion remained constant at 78% and the
selectivity at 81.5%. The methyl S-formylvalerate
production was 72.3 grams/hr.

The ligand degradation, determined by the
rate of fresh ligand which had to be supplied to the
process, is 0.96 grams per kilogram of methyl 5-
formylvalerate produced by the process.

As can be seen by comparing the rate of
ligand degradation of Example 2 and 3 one can see that
by performing the process at a slight excess of ligand
to rhodium a significantly lower ligand consumption is

achieved while the conversion and selectivity is hardly

Y A



1. ,Process for the continuous preparation of an al kyl

5-fornylval erate by reacting an al kyl - 3-pentenoate 5 wi th carbon
nmonoxi de 3pg okiysliopaen by hydrof ormyl ation using a getMLyHbessysSt em
conprising rhodiumor iridiumand a nuktixdent at e or gani ¢ phosphite
| i gand according to the general formula: 10 [err] 15 20

in which nis 2-6, Xis an n-valent organic 25 bridging group and in

which th dy
O i he, endiAERUBRCE. i 15 very? SAVIMIAGUSIY, Updai Pl

characterrzed rocess

of an 1ligandj ceskpPeRd ameuintg of methyd: fedfiprmekkalgrate can
neasured in wehak Bk t@leecedC. 30 2. . Process according to claima1l,
characterized in that the acrd i's present in an anmount of 0.05 to
20 wt % 3. Process according to any-one of clains 1-2,

characterized in that Rl and R2 -are nonoval-ent aryl. 35 groups
containing at |east one group, R3, other t han hydrogen inan - .
ortho position relative to the - ' - oxygen'atom where R3 is a Cl to
C20 al kyl or a ' C6- C20 aryl group. .. - 4. Process according to
any one of clains 1-2, 40 characterized inthat RL and R2 are
nonoval ent fused aromatic ring systens with 2 or nore rings
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any one of claims

chel ate-type conplex with rhodi um or

condi ti ons.

that the bridging group X has a structure

hH!!III\@J\IIH(III%H\Illeurlmn ators. 5. Process accor

ng to

characterized in that the brid mgﬂgroup X
i s such vV‘”“””'”’"’that the nultidentate $hosph| te ligand c&¢H

6. Process according to claimb5, characterized in

Yitm during the reaction

according to fornula (2)

or (3): 10 [err] 15 20CLAIMSinwichQis-O, -S or a
- CRAR5- di val ent group and mis O or 1 and R4 and R5 is hydrogen
or a r and Y and Z hydrogen or gr oups
cont ai ni ng at* Ieag¥°8g§ gPBoﬁhﬁtﬁﬁPtlnu°?s PFBE@§§ g@cBFdPﬁgaQGYEIaln16

characterized in 5-formylvhlleta¥eaby Zeactingdaw dariyly3apeatendaktexyl or a

5
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35

40

with carbon monoxide and hydrogen by
hydroformylatzon using a catalyst system
comprising rhodium or iridium and a multidentate

organic phosphite ligand according to the general
formula:

P-0———X | (1)

in which n is 2-6, X is an n-valent organic
bridging group and in which the end groups R!-R?
are monovalent arYl groups, characterized in that
the process is carried out in the presence of an
acid compound having a pKa between 1 and 12
measured in water at 18°C.

Process according to claim 1, characterized in
that the acid is presenf in an amount of 0.05 to
20 wt%.

Process according to any one of claims 1-2,
characterized in that R® and R? are monovalent aryl

| groups containing at least one group, R?, other

than hydrogen in an ortho position relative to the
oxygen atom, where R? is a C, to Czy alkyl or a
C;,-C,o aryl group.

Process according to any one of clalms 1-2,
characterized in that R' and R? are monovalent
fused aromatic ring systems with 2 or more rings



“car boaryl oxy group, R6 is a Cl-C20 al kyl group or
a C6-Cl2 aryl group u .“ ﬂ s according to any one of clainms 6-7,

char act er iwisoksionod h roup is a 1, BehNpemsdsal ene
bri dgi ng group according to fo2dta (3). 9. Process
according to any one of clainms 1-8;, 35 characterized in that rhodi um
Is part of the catal yst system 10. Process according to any

one of claims 1-9having 10020840088 atoms.
PCT/ NL97/ 005 characteri zed

26
in that the %qkyl ProRefi R ARGRrding to any B?%s@ﬁtc?'ﬁiﬁ‘sn%xf"dre of al kyl
pent enoat es havi n@lmracterlzedomoshatotnhefbﬂid@iﬁ@abkpupZXperstGm:a:te :
0- 30% al Pt 0. e t Whl ch
t he total of al ky%eﬁtenoa@gﬁ@%l %&Elgtg pﬁQQ;{ﬁ%tQ %ggaa Bai f%mbr oces
accordi ng®to any cRelAteTEyRe 9029193‘ with rh@ﬁ&ﬂ&c?érﬂiéémﬁ‘that the

nol ar ratio of dunngntﬂlélﬂéﬂéﬁiénpaeﬁaﬂtiénb'.gand to rhodiumor 10 -
iridiumis be Wee

ocess, ac e of clains
Mt 209875 ASCPRAHAG. LONELRIDCSe cCPatpEEpRaFeg An n
t he presence of antlmaigathefhspﬂgtngsqtogpnﬂ has a strukitaltehas a
coordination stre odjiu an the nultidentate
organic Ehosphl r?#g%%‘glw gb g&ﬁﬁr oczzg aCC(SSEI ng to any one of clains
1-12, characterized in that the process is performed by
continuously renoving part of tje-{iquid reaction medi um

conprising the al kyl 5-fornyl ;@z d he . catal yst system
optionally the solvent, by- :

15 - |
Q)m (3)

in which Q is -0-, -S- or a —-CR*RS- divalent group
and m is 0 or 1 and R® and R’ is hydrogen or a
methyl group and Y and 2 hydrogen or organic

25 groups containiné at least one carbon atom.

7. Process according to claim 6, characterized in
that ¥ and Z are individually a carboalkoxyl or a
carboaryloxy group, —CO,R®, in which R® is a C,-C,,
alkyl group or a C,-C,, aryl group.

30 8. Process according to any one of claims 6-7,
characterized in that the bridging group is a
1,1’-binaphthalene bridging group according to
formula (3).

9. Process according to any one of claims 1-8,

35 characterized in that rhodium is part of the
catalyst system.

10, Process according to any one of claims 1-9,



product s,

unr eact ed
hydr ogen di ssol ved
renovi ng car bhon

unr eact ed al kyl
catal yst systemin one or nore distillation operations perfornmed
reduced pressure and recycling the catal yst system 30

the hydrofornyl at FbArpeserdeed in that mhecedkyidcdopentgncate dism 13,

at

characterized in
contacted with an i onexchanger
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11.

12.

13.

14.

pent enoate and | ow

present int Ba&%m%zreewfr aqkhl B@n‘ﬁ%%la)ﬁ%ts W;‘%{B S

aV|ng basi c gr oups
composition of 0-10 % alkyl 2-pentenoate, 0-30%

alkyl 4-pentenocate and 60-100% 3-pentenoate in

yhich'the total of alkyl pentenocates add up to

100%.

Process according to any one of claims-l?lo.
characterized in that the molar ratio of
multidentate phosphite ligand to rhodium or
iridium is between 1-1.2. "

Process according to any one of claims 1-11,
characterized in that the process is carried out
in the presence of an organophosphorous ligand
which has a coordination strength to rhodium less
than the multidentate organic phosphite ligand.
Process according to any one of claims 1-12,
characterized in that the process is performed by
continuously removing-part of the liquid reaction
medium, comprising the alkyl S-formylvalerate, the
catalyst system, optionally the solvent, by-

products, unreacted alkyl pentenocate and carbon

monoxide and hydrogen dissolved in said medium
from a hydroformylation reactor, removing carbon
monoxide and hydrogen from this mixture by
reducing the pressure, separating alkyl 5-
formylvalerate, unreacted alkyl pentenbate and low
boiling by-products from the catalyst system in
one or more distillation operations performed at
reduced pressure and recycling the catalyst system
to the hydroformylation reactor.

Process according to claim 13, characterized in
that the recirculating catalyst system is
contacted with an ionexchanger having basic
groups.

“mm" oate and car bon monoxi de and
&lﬂ d hydrogen fromthis

froma hydrofornylatlon reactor

xture b
r educi ng ‘P’ﬂé’s'ﬂ?gégsure separ ating al kyl E for &W‘é{?"é’ 6"
26 - boi li ng by-products fromthe

to



