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PROCESS FOR THE PREPARATI ON OF AN ALDEHYDE 5 The invention
rel at es tWOP8Ap¥Wdess for the preparation of an al dehydepdiKpstaidses -
hydr of or myl ati on of an unsaturated organi c conpound in the presence of
a catal yst system conprising rhodrut or iridiumand a mul ti dentate
organi ¢ phosphite ligand. 10 Hydrof ornyl ation is the reaction of
an unsat ur at ed nd, i ] | d carbon nonoxi de to give
an al dehyde corrpoup OckSs xo ekt AN ALDEILY

Such a process is described in WO A-9518089. 15 WO A- 95809 descri bes the
preparatg on of nmethyl oo ; V, t hrough hydr of or ation of

nmet hyl - 3- pentenoatee ilr?‘{t%rg“%/rkeslgéngge@% %gc%lt f?/% Siyg?’émﬂ’e

cont ai ni ng PREAREMEAE £LIman | hirde orhpeneh phydpdfoemylatiogand. 20

A drawback ah uhisatRiratess drgdd@d ddifbound "M L HENE AL SeRbESERI L€ | i gand
proves to bgaéggﬁgkivegx% degradation [ h the presence of .traces of
oxygen or Serer SishHd ﬁgon@f?ﬁﬁﬁ}?'ﬁﬂs’fh‘? uR,ohpt &l diwR opRRo0Ri de
compounds, Whlthdemyatte mrgwariic hhdsphite Yiogehdon. 25 -Oxygen may for
exanmpl gol eak into a c | QS : ~OPEL Aty £SS. radation of the
ligand is a di sadmrage b caaut.:slem?rlegsﬂé}#%‘graﬁégﬁhégt%PE “added to

the system PBSBRYEAE G SomARuINE tWikh yhedrpaen cxnd vtagbon mopvoskdehyde

conpounds ofot e veeast iaQEHER Nt dMpdied 30h Eﬁ&%f@é’ez‘:@é(e&ﬁ@r a_longer
peri od. Addiggazgq%té | ar ge amounts of fresh |igand per kg of al dehyde

product is ¢ at¥x&ve from an econonic vi ewpoi nt, in view of
the relatively high cSstchprai e arfeddi s tdgc0ibed iPWSP-98180g8and and

hence @gfs t ahd r s The objgect of this invention
is a p?gceggoi% 9@)1@\‘%!@0%3%2# Jttﬁézs AR RSP 1Y eéteolf‘ey%ife T less
phosphi t e | F8RRE1Va1lesasamdd iaratk husit off erstwkict Ipdedtmethylhan in t he

process accpefltBgoh@et He T Hfsddite &t -a catalyst system
containing rhodium and a multidentate organic phosphite
ligand.

20 A drawback of this process is that the
multidentate phosphite ligand proves to be sensitive to
degradation in the presence of traces of oxygen oOr
other oxidising compounds, for example hydroperoxide
compounds, which may be present during the reaction.

25 Oxygen may for example leak into a continuously
operating process. Degradation of the ligand is a
disadvantage because fresh ligand has to be added to
the system to ensure that the activity and selectivity
to aldehyde compounds of the reaction remain at the

30 required level for a longer period. Adding such large
amounts of fresh ligand per kg of aldehyde product is
not attractive from an economic viewpoint, in view of
the relatively high cost price of this type of
phosphite ligand and hence of the aldehyde product.

35 The objeét of this invention is a process in
which, in the presence of traces of oxygen, less
phosphite ligand is consumed per kg of aldehyde product
than in the process according to the state of the art.
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-2- This object is achieved in that a nonodentate

phosphi nWQ 28/1998sent . It has been found thagcinisndobss . -

process according to the invention,less nultidentate phosphite 5

ligand i s consuned per kg of al dehyde Pproduct while the selectivity of

the reaction remain at virtually the sane | evel. This was unexpected,

because nonodent ate . phosphines are well known |igands and it was

expect ed that byTRd§i REIEREsd seact gvashnids that st meregenyate 10

(linear) apHebpHeneowBopRrdsewayl d be adversely ef fect ed.

An addi ti onal advantﬁgehpf bhe pr.oces according to the invention is
8%p %

that the relatively §E0, &R ithark S HHRPHPIRCEFFand i s

prot ect ed, aggordingt taetde Hyviene iaddilldsan nofl to dexesieat phesphosehi ne.

Al t hough t sphi i I i Y. I.dised. inth rpcess according
to t hegi nvgggiggg,_ EE thnisgm%gt %%tr Y@ sozfgv)%égcie}gyedo%sp {)%%é%%ewghge pﬁ%‘%phi ne is
nuch cheapBflectivisy efe thigogSaictd onirenefior erteri i Ol bylveheages are 20

further ensameellebe1lhenBE0GAES UnxJdid di SRAAHUISD Rbnodendd gl dehyde

t hr ough hygﬁggﬁhnﬁl ation of 3n unsat yr.at ed (?rgani c conpound_is carried
out as a CORTTRUGHES 3ECp¥Edes&no¥D 14 9aRds BT et ¥ hePERREF§St syst em
several tiwbat Ryt Addinghéheslecetiria W lnmimdy adverselyciviaffested, is an

extreqwl y pipaehant i |
Us- A- 4169855 desgr)i %gggi’ﬁgep?é’g‘ Péltridéié(r)iq% ,'B}La&r)ibbse p‘{%{:{%%% Yihr ough

hydr of or my® feehedr an al pha-olefin in the presence of a catal yst
system contai ni ng rhadi dAdi& i3Ralbia@eiiriydsindegtégadd and a

nmonodent at N | i.gand, .t he .nonqdentate |igand bei ng a phosphine
with a gcs g?ﬁggﬁaganﬁ’sr 1%¥Iein]t 60 g& 1‘%‘56{ e‘r?:ﬁgg'a’n%le]l%O[ err]. It does
not menti odXpenaividentsidepliesphiphesphgared ldsgapat tiofprotedtedcat al yst
systeRs 35;g j A t  WsSRhisng tQ restl] | f e

fol |l ow ng t?ie%)‘r:y?efﬁe g‘é&?&a%ﬂ@%ﬁw s&t ﬁaﬁ%%og&EAéé%c%%%ég%?%h of the
nul ti dent 2 btPABIBhERE Phgspbinge is seleopdvdm gpsidised in the

PCT/ NL97/ 0§b8&ess according to the invention, this is not
disadvantageous because the phosphine is much cheaper
than the phosphite. The aforementioned advantages are

20 further enhanced if the process for the preparation of
an aldehyde through hydroformylation of an unsaturated
organic compound is carried out as a continuous
process. Being able to reuse the catalyst system
several times, without the selectivity being adversely

25 affected, is an extremely important factor in a
continuous process.

US-A-4169861 describes the preparation of an
alkanal through hydroformylation of an alpha-olefin in
the presence of a catalyst system containing rhodium, a

30 bidentate phosphine ligand and a monodentate phosphine
ligand, the monodentate ligand being a phosphine with a
steric parameter 6 of between 135° and 150°. It does
not mention a multidentate phosphite ligand as part of
the catalyst system.

35 Without wishing to restrict itself to the
following theory, the applicant expects that the
decomposition of the multidentate phosphite ligand is



- 3¢ “attributable to the presence of oxygen in the

hydr of or reaction and/or in the further pr ocessi of the

resul ti %%@é’?yon m xture. The starting materials and?ST’g‘é‘BT’W?ﬁ & rmay
for exanple 5 contain traces of oxygem -Oxygen may for exanple al so be
present in the process equi pnment of a conmerci al hydr of or nmyl ati on
process due to | eakage into the equi pnent . The ligand's

sensiLivi b b0 uvgenoves Lound: 18ent B BAYGULAr lopdi on ven o

Cerr]-derr entenore Jaer d pent enoate) is

used as ahxt chngmylatmnereabtl@g dmia/rqrbedl |trheEmiﬁﬁz468 Hydr oper oxi de

conpounds gwy- Hes { L NEE @ﬁearégﬁﬁkknﬁTr%Q%tr %] %lhe oxygen wi th
ent ate osphi

the al kyl "pent enoat és. nono ne according to
t he i| A LRI CBAtBEIRLEr 238MPEd S Viewd Sy Byt foT cﬁmmle P(R)[err],
where she d%mgaimps:aeesobgaakgggmumwgen uB@efﬁzalémﬁm pewi ¢ group R
Is an ali tqée §§C|i% Qr._aramat.i.c qr.ou 20 carbon atons, 20
preferably ar%o at s PT8HE Stn &R %iwﬂuﬁ?mme be the sane
or differewdraferrylaytdop pupcesst due to leakage niorte Hﬁ’l@ro atons, for
exanpl e Oxy@efbmBht! 0gen or a hal ogen. Exanpl es of
nonodent at e” phosphi ngs according 25 to the invention are

tri met hyl phosphi ne, The {ipapgdyEpSeasiitdd ity MUt YIRRA R hefound

tripropyl p&mkp@l ﬁ@:ti&u(tampyhmghr e @s [)-oeralkyldestiby! piEemy! phosphi ne,
di phenyl nmet h %ghos

h h h hi
tri(trifl u%? ?ﬂilg) ﬁﬁégpﬁﬂéylg@%r%ﬁa %toagu&ﬁo)‘ﬁlﬁe%p?ﬁ f starting

tri phenyl phosphiag, a5|@pscrlbeﬁohy!ﬁﬁh@emmaﬂﬁa. Hydroperoxlde

tri(mflu p phi.n r
tri(i soprgcf:) I pgggh}sl ﬂg? Be %ormedsg%?% ?ﬁ%‘ﬁh | ne tr| 1E]nzyl pﬁosphl ne,
tricycl ohe ?pﬁBXSﬁPngltH|GP€I edSshi ne,

d (Etmgt%"fphe“y' phozaei &e?oarén{tﬁ&réefﬁndéﬁm&?ﬂanﬁ;ozding to the
ri u N 0- met hox osphi ne
tri(pent aﬁ%@?’gﬁ%y??&%&pﬁﬁﬁée%e i 5 epﬁg%fbﬁﬁ"ﬁe formula

PCT/ NL97/ ®6R5%),, where the R’ groups are orgafhic groups.
Preferably the organic group R’ is an aliphatic,

WD 98/ 19984

alicyclic or aromatic group with 1-20 carbon atoms,

20 preferably 5-12 carbon atoms, and the three R’ groups
may be the same or different. The R' group may contain
one or more hetero atoms, for example oxygen, nitrogen
or a halogen.

Examples of monodentate phosphines according

25 to the invention are trimethylphosphine,
triethylphosphine, tributylphosphine,
tripropylphosphine, tri(propylnitril)phosphine,
diethylphenylphosphine, diphenylmethylphosphine,
diphenylethylphosphine, tri(trifluoromethyl)phosphine,

30 tri(isobutyl)phosphine, triphenylphosphine, tri(p-
tolyl)phosphine, tri{m—-fluorophenyl)phosphine,
isopropyldiphenylphosphine, tri(isopropylphosphine),
tri(sec~-butyl)phosphine, tribenzylphosphine,
tricyclohexylphosphine, dicyclohexylphenylphosphine,

35 di(t-butyl)phenylphosphine, trineopentylphosphine,
tri(t-butyl)phosphine, tri{o-methoxyphenyl)phosphine,
tri(pentafluorophenyl)phosphine, tri(o-tolyl)phosphine



and trimesityl phosphine. A m xture of two or nore of t hese conpounds is
al so suitable for use as the nonodent at e phosphi ne. It has
been fouMPPHE84 n the process 5 according to the inventi BoTNIS7/00598Ni C
groups R of the PR 3 phosphine are, preferably chosen so that the
steric paranmeter [err] of the phosp 1“ ne is between 160[err] and

220[ err], preferably between 170[err] and 210[err]. It has been found

t hat trKBEi%#gl .of the rﬁacthon i s_not, adversely 10 effected when using
t hese phosphihe ’Prﬁﬁl’] giphosphine. A migture Qf twn ormore (fr] is the
top angl e dfhese compbundsi tal atepesudtnbied fair As2Bak (tHYerr] m fromthe

centre of Qﬂﬁngggﬁpggéﬁéha%sﬂknghlCh just touches the Van der Waal s

radii of the outer ato substituents of a symetri cal
P(R ) 3- phosphi ne (seelt hag| bgenchenndalt bréviiand hel process urre 77, pp.

313- 348% ac&b&&iﬁg del ene @ﬂdeH§16n4%@%8@%ban1c dfau Ps R’ o a%TEﬁ ot

steric par te&ﬂ{ . of an asgnnetrlca phine I n

| east one ing Jreupset eraE}YfEPQSPPoﬁPtﬁgaétﬁ@ﬁ Rtefisups, for
exanpl e pHRRet& ' 8, of abhbephakptliaked swibieh widem a.lsi)°0fadd1622@q0 30

o B O | BBy BLEER R DIoRYPUEEY L0 ONP ISR bodl dslid PR Ler
Exanples(ﬁtE&khth%n%@bhvatE pfiospki mesaction is not adVGrSElY
10 effected when using these phosphine compounds.
The steric parameter 6 is the top angle of a
cylindrical cone, centred at 2.28 A (107*° m) from the
-centre of the phosphorus atom, which just touches the
Van der Waals radii of the outer atoms of the R’
15 substituents of a symmetrical P(R’),-phosphine (see
also "Chemical Reviews, 1977, Volume 77, pp. 313-348"
by C.A. Tolman and US-A-4169861).

20 2.28 A

(1)

25
The steric parameter 6 of an asymmetrical PR’ ;-
phosphine in which at least one of the three R’ groups
differs from the other R’ groups, for example
PR'R''R’'’’, can be calculated with the aid of the top
30 angles of the corresponding symmetrical phosphines
PR’'3, PR'’; and PR’’’, using the following formula:

O(P(R');) ©(B(R’')3) O(P(R'"’);)
35 B(P(R')(R'')(R''"))=2/3 ———- + — e (2)
2 2 2

Examples of such monodentate phosphines
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-5- having a steric paraneter [err] of between 160[err] and 220[err]
have beewongﬁP?%ned above. Preferably, the nonodentate PShB‘%‘BH?%éS Favi ng

a steric paraneter [err] of between 169[err] and 220[err] is
trineopentyl phosphine, 5 tri(t-butyl)phosphine or tri(o-tolyl)phosphine.
Most preferably, tri(o-tolyl)phosphine is used as the nonodent at e
phosphi ne Ln t he Erocess according to the inven

Tri (o-t ol yPREABGpRi ESTSC PATAMBEPT (B Rf IBR OISR nk % e 3ﬂ9 ¢h8%s a high 10
ef f ecti venhasei beemimenaimmids.above. Preferablfge ﬂnéodeﬁbdéﬁtabésphlne can

be added tgyEBEn;ne RAUHLOLTA AL ON HXHIE, £To! e Y. LERAYY e present

in a react ¢h %50 Cont fineaf rgani c
conmpound, ahéd?@@foﬂslmqﬁnﬁnnﬁntxignbsmntmdentate phosphlte | i gand.

The corscenteagma&uqu1rstyméegﬁmee d)bocspbwetérsfl)pnwﬁnwer of ornyl ati on
m Xt ure accor

ing to _the inve tlé%& erablg an effecgtive anount
sufficient to %ﬁé%ﬁ Y ol Ebr 2RI Y bhPBPSPRERRUAEI dentate 20
phﬁsppizﬁ tsgdnds quxmdndddﬁﬂatéfphdﬁ@hﬂﬁelSnbehﬁeﬁﬂocessl and 30 ngllger
nol o e e .pho L, n 2 an
mol per mofoopreey oo S ion, ABPPBIFLFERBSENPRLIET 2 AT
mul t i dent acBepPos Fieiacd Iy itk inadile ang Sowaisat héghol | owi ng genera
structiy e: ef£b@tfilveness in WA ¥l hdued, X is an n-valent organic

Tonoval ant. 35 aryl gRopPCHAIGH e RRYBPEIRS dFahyPegRBaRa to Che™ ©
Rl err] andhﬁberorf]oraryaameirermbtwmwaienﬁaprgaﬂeady begpoegenti th 1 to 20
cornon, 200 § gl LSS L L0 gy 00" S0BLLSRGPIRC V21 e, organ ©
are nohovabhaseturated organic compound, rhodium or iridium and a
15 multidentate phosphite ligand.
The concentration of monodentate phosphine in
the hydroformylation mixture according to the invention
is preferably an effective amount sufficient to
preclude substantial degradation of the multidentate
20 phosphite ligand. In particular, the amount is between
1 and 40 meol per mol of the multidentate phosphite
ligand, preferably between 2 and 10 mol per mol of the
multidentate phosphite ligand.
The multidentate phosphite ligand preferably
25 has the following general structure:

’ \
O-R?
/
x40-P (3)
30
0-R?
\ ) n

where n is 2-6, X is an n-valent organic bridging group
and R* and R? are independently two organic monovalent
35 aryl groups and/or one divalent diaryl group.

R and R? are preferably monovalent organic
groups with 1 to 20 carbon atoms or R' and R? form
together one divalent organic group having 6 to 30
carbon atoms. Most preferably, R' and R? are monovalent
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- 6- aryl groups having 6 to 14 carbon atons. The different R err]
and RlerMO%8%s in the |igand may be different. For PEBNRbBo0sHs t.he.
sane |igand sone groups Rerr] and R err] may be .di val ent groups while
other groups R err] and Rerr] are 5 fonoval ent groups. Xis
preferably an organi c group having between 1 and 40 carbon atons, and
nore preferably between 6 and 30 carbon atons. An exanple of a |igand

having a getyavajlzmtpsongﬁm'hrcg P P i @a%&:@arwlt&?yl n'groxla dﬁfbékdghng gr|0Up
correspondiing en titol. . Bidentate I|J. S ayi ng a bival ent
bridgi ng g?ou%%g H. gggﬁﬁ%s%nf?é&uéﬁ???dngﬁ?i% e&l%?%Fﬁ%“ba¥%H? literature.
Exanpl es of*30@h ephids piia esdneyahigand esors cyi deplsi ' and US* maA748261,
EP- A- 5566841 98d &l ArAi4 inite other ro%e@y@&riv@% ethylenically

e

unsat urat ed Qrgani ¢ conpounds, Tor exa utene or 3-
pent enchat eMORPY & WRIarting material to prepare t er m nal

al dehydes, use is pref ershidefeEbDf #n orgdhliéi §esupt Baphagphite |igand
t hat can fg;arpw%e%h Iegne- 4200 type cor@l ex wth the net a% engioyed (rhodi um
or i ri deamSth & BEG SEE TP YO REODS ¢ 1RRA RO § pRE BERHF

Y i s
under st oodbeswesan & lkatd (FubsA cdn At gis at Aheasampe of aphadgphdrus P at ons
of a ligangamanecyl ' 0 ' ' or
i ridium at o?ﬂ_i 8(;?(: Z%Jﬁ%}n@c neﬁ ac?gﬁﬁib%a%g%‘pﬁeilgi é\n %gagﬁgt éggqbg%rrean t hat
only drte pRELFHGNE: 95 MR FPFL 2SPORAHRT nbP ceerbappyYEBI4tol. coor di nat ed
;J(on]g vm'ht hI Badenhadi ﬁjrmiqafédé ﬁimﬁi%ﬁil@ﬂvalentr:lﬁlﬂﬁiﬁbi)héegﬁf:u?:}i dgi ng grOUp
of the n t.erm ne whether a_chel ate-type, conpl ex can be
formed 30 %g%t g‘g\@rteafcrtel%unexgto%.m SHRRS B B??d@?%@nérgbbgrgﬁﬁfe' resul t
in a l|liganBxen@lesarrff (unh miesph &t ¢ ybegands baitegdagcgibap ane for exanpl e

described yB-WO4Ar48261 I¥MROBE 56681 and pp-a-sfephgierred ligand for use
in th%bqorocess 35 according to the inventjon has_a 2,2'-di hgdroxy-

-1, 1' "o napht hal ene BRI IRFFRADLY vBFRAL BRicRERY unsagrsapefs preferably
substi t ut edrghantike cbrggulirls, for exaMpDP8/1998¥ene or 3-

PCT/NLg?/OBé%%enoate, are used as a starting material to prepare
terminal aldehydes, use is preferably made of a
multidentate phosphite ligand that can form a chelate-

20 type complex with the metal employed (rhodium or
iridium) in the reaction zone. A chelate-type complex
is understood to mean that (substantially) at least two
phosphorus P atoms of a ligand molecule form a
coordinated bond with one rhodium or iridium atom/ion.

25 A non-chelate-type complex is understood to mean that
only one phosphorus P atom of a ligand molecule forms a
coordinated bond with one rhodium or iridium atom/ion.
The choice of bridging group X of the ligand will
determine whether a chelate-type complex can be formed

30 in the reaction zone. Examples of bridging groups that
result in a ligand that can form a chelate-type
bridging group are for example described in WO-A-
9518089.

A preferred ligand for use in the process

35 according to the invention has a 2,2'~dihydroxy-—
-1l,1’-binaphthalene bridging group, which bridging
group is preferably substituted at the 3 and 3'



-7-
gener al

"positions. This |igand can be represented by the f ol
VPo BBV dbg4 [err] where Y and Z are ti ts
S b -

ot her than hydrogen and Rlerr] and Rlerr] are the sane
substituted 15 nonoval ent aryl groups %ard/ or any one of OR[err] and

OR[err]

connected to one phosphorus atomforns an

oW ng

-ORerr]-Ogroup, where R err] is a divalent organic group cont ai ni ng
one or twop@sitigrripsThis ligand can bee rephsisicntend Dy iyl Z are

preferably g0 1 K¥f i
preferably contaf%%%éﬁfgéggcargon a

PS¢ QHEﬁ%ging at | east one carbon atom

ons. Preferably,

are individually selected  fromthe group conprising alkyl, aryl

triarylsilyl, trial kyls
al kyl car bonyl , arg

alkoxy,S
nitril e

Cerr]-Cerr] alkyl group
butyl, tert-butyl, isobut
triarylsilyl group is
trialkylsilyl group ¥re
aryl groups have 6 to 3®lcg bo
apht hyl , anthr I6§£=35 Bhenant hryl . Preferred aryl oxy gr
it ohs, for e phenoxy. Preferred al koxy

tol yl

have él@

o 12 car bo

arhoal koxy, carboaryl oxy, aryl oxy
azol e, am de, amne or a
e alkyl group is preferably a
nmet hyl , ethyl, propyl, S
30 hexyl. An exanple of a s
# and exanpl es of a suitable

OR>R

exanpl e phenyl , benz

groups have 1 to 20 carbon atons, for exanple nethoxy,

15

20

25

30

35

where ¥ and Z are substituents other than hydrogen and
R* and R? are the same or different substituted
monovalent aryl groups and/or any one of OR* and OR?
connected to one phosphorus atom forms an
~0-R3-0-group, where R? is a divalent organic group
containing one or two aryl groups.

The substituents Y and Z are preferably
organic groups containing at least one carbon atom,
more preferably containing 1-20 carbon atoms.

Preferably, Y and 2 are individually selected
from the group comprising alkyl, aryl, triarylsilyl,
trialkylsilyl, carboalkoxy, carboaryloxy, aryloxy,
alkoxy, alkylcarbonyl, arylcarbonyl, oxazole, amide,
amine or a nitrile.

For Y and Z, the alkyl group is preferably a
©,-Cyo alkyl group, for example methyl, ethyl, propyl,
isopropyl, butyl, tert-butyl, isobutyl, pentyl or
hexyl. An example of a suitable triarylsilyl group is
triphenylsilyl and examples of a suitable trialkylsilyl
group are trimethylsilyl and triethylsilyl. Preferred
aryl groups have 6 to 20 carbon atoms, for example
phenyl, benzyl, tolyl, naphthyl, anthranyl or
phenanthryl. Preferred aryloxy groups have 6 to 12
carbon atoms, for example phenoxy. Preferred alkoxy
groups have 1 to 20 carbon atoms, for example methoxy,

nor e
Y and Z

, 25

opr opyl ,
ui tabl e

‘%I and triethylsilyl. Pregfarred
r

yl,
oups
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- 8- et hox tert-butoxy or isopropoxy. Preferred al kyl car bonyl
groups h3tR"% é“ 12 carbon atons, for exanpl e net hyl caPBBMLv7/00595 -
tert-butyl carbonyl. Preferred aryl (éar bonyl groups have 7 to 13 carbon
atons, for 5 exanple phenyl carbonyl.” Preferred am de groups contain a
Cerr]-Cerr] alkyl group and preferred am ne groups contain t wo
Clerr]-Cferr] alKkyl groups Most preferably, Y and Z are

i ndi vi dual BFRexY. tertikexy|corisopnebosyyl Bxptgrsed, - C2R in which R
10 is a Cb&wﬂl'ﬁﬂdﬂyﬂj(b’éu OH&verzatQ[ ebr batbehr htamsl, #qup and

preferably a rr er gr ou es of suitable R gr oups
are nethyl yF PE E{;Fgﬁcarboni’értPE@tfﬁrrquobutyl

phenyl andatr(yIlWarHiam ngnrmps hqwef@r’abl ¥3 ¥aabdnZaabashottlort he sane

car oary!| Okl o ndiE £ ANELE 20 e LEE: PP AERROBLKRKY W Pecause

t he resulting | g re easl a na The
2, 2" -di hydPos—€e181 yhasﬁpapeﬁ@dbrnr@@er:ged amjme [grupPSHpEénhainy be

further sulsig tc%t_@q Elotglg@,ﬁ . groups, for example hal ogen, for exanple
Cl or F or one of t e sub |tuents R whi ch may  be present on the

bridgi ng group as dedtSbHeRFeHRRARPLY, Y and Z are’ ppdividyad iy & r] are
pr ef er abl yctarré:oaalnmxyl b f fereat boaryboR9Vgkoap , aFgb, R oOliASwhagd ®ore

Cnder stbod ndt S5CaR pLkuty ShPuP, PR Bt Pt A SR di frer ent.
Pref er abl yPrefegabkp s Gréupelikyd dreouranExsmmles athesuitabieny
(connect od Lo 1he A L om. Capt T g ke LEoBepPEle) BRet I et ¢ Ry
is a dival & tglgﬂtﬁya]o'f BeRUYG s0P EBY%oﬁth 5Rt¥don XPHI A@I&e or two aryl
gr oups. prieffratal) y, Y RiedrZ and Bpehrihar gamenesabeat yarody @raips, for
exarm s PPEAe (SELILD Blo! £03, CREVELNBy LT pose it " oy
is a C[err]retsdﬂc![lérg]lma(WS crr€[merg-epeily 85taanpblgroup and preferably
a Jerr]-Cferr] al ky|'1'19é 02p2 1 -CEi‘ﬁ{rdroxypﬁ.eieﬁbﬂagﬁlﬁﬁ\i@h%ntbﬁrdéjugd oups for
Rlerr] and I%[err] {Il aben% ;used aromatic r|n%s stens with 2 or
mor e g%gflona y be further substituted with other
PCT/ NL97/ 0@&9551ps, for example halogen, for example Cl or F or one
20 of the shbstituents R which may be present on the
bridging group as described above.
R* and R? are preferably the same or different
monovalent aryl groups, and more preferably aryl groups
with 6 to 20 carbon atoms. It is to be understood that
25 all four R! and R? groups can be different. Preferably
all four groups are the same because the resulting
ligands are more readily available. Alternatively, OR!
and OR? (connected to the same P atom) can form an
-0-R3*-0O-group, where R? is a divalent group of 6 to 40
30 carbon atoms containincj one or two aryl groups.
Preferably, R! and R? are monovalent aryl groups, for
example phenyl, containing at least one group, RY,
other than hydrogen in an ortho position relative to
the oxygen atom, where R* is a C, to C,, alkyl or C¢~C,,
35 aryl group and preferably a C,-C4 alkyl group. Other
preferred monovalent aryl groups for R! and R? are

monovalent fused aromatic ring systems with 2 or more



-9- ri ngs having 10-20 carbon atons. R err] and R err] can
opt i onal lwolbgridaggt her substituted with for exanple (Jerr]- FJ
Iiﬁary 5xy

al kyl, derr]-Cerr] aryl, (err]-Clerr] akoxy or Cerr]- C[err
groups or hal ogen groups, for exanplee P € or Br or 5 am ne groups.

When the aryl groups R err] and R err] are substituted with at | east
one R err] group at the ortho position relative to the phenolic oxygen
atom a hi ghiergs i meaing 1052bechirbiohyaits:mbsar*veddwhéncahese | i gands are

used in 10 o migpiyfrgg'eakeﬂegrgssagl}tt@@@p AyPedle Rl goups - are

met hyl ,
Rlerr] pr ef%m nI Fscﬁeo B XY/ Cl-@oogpoxmawrngsacsa eern)cldmmder ance of
i sopropyl jroups %@aﬁﬂogéﬁ grbigss ulpstd ﬁ%l@‘ﬁh%lara’ﬂ BY o4p. Wien 15

| ess bulky supstituents are used, both ortho positi‘ons are preferably
subst i t ot e IHELRS gr oups. The preferred R4-substituted aryl group

for Rlerr] and R err]whén theZar§2pgeRyl anyhnarnl deet shykyhipeay group.

Anot her eg c s fo conpri ses
fused ar orrg{f\%ﬁrl n ié‘éé{_ %rsgvmxt tgrzmbéj 'E%r H?\g@°ﬁégf‘ﬁ6 10 to 20 carbon
atons whi cﬁ@cﬁ‘h’d{e tO hheepbenolychaxygen k¢ ogubst intighet a)tmémr ort ho

position (@eldet L@f Ppn;at Qﬁbéghéﬁe%etno tth'é%ec"ir hds ald ﬁ s
bonded ho the!mé}/cggn atomin fornul a roups ot her than

hydr og® ’r’f“YBﬁﬁéPPhBl“’cess\m &ftﬁsﬂ%r GEqwPssuch an
unsubst i t uteare anetimyl ¢ ethgl, prspguemisaaphiogiquatwqtﬁityalc,t i vi ty, a high
selectivit r gt nal hy and ' knearihty can achleved
Exanpl es o%%l(l}chb‘ﬁégd%rgnaﬁkgﬁrl %%rs;gst@ngkg?gkgg %B‘% gﬁ’teha)ﬁ' anthryl
and napht hydt¥RupRavingf ar abeyic higderemset lofylisepdopwpmthyl groups are
used. The gref¢&Pptis ateaosxab@%t%@doraw %%l 'a&ﬁeef&%xa I & Wi th

t he aforenenti oned substituents, e at the

for
posi t i ggp §fe§"neb‘ﬂlﬁ3é SYRFE L USRASr aTRaNSBS s %%RW%(EQ%#@P@%SCH bed
above. are preferaEX@rfﬁhBSt\Mﬂﬁlt@dR[w@.ftm] tmef%[g&rddpsa.r erid nked to form

QyaLent et &8 e A G A PLLLa SEEY §:8LY' ¢8OS, phi0ps Cxa! @
- 10 - 2-isopropylphenyl or 2-tert-butylphenyl group.
Another preferred class of aryl groups for R?!
20 and R? comprises fused aromatic ring systems with 2 or
more rings having 10 to 20 carbon atoms which do not
necessarily have to be substituted at the ortho
position (on the carbon atom adjacent to the carbon
atom which is bonded to the oxygen atom in formula (4)
25 with groups other than hydrogen. It has been found that
when R* and/or R? is such an unsubstituted aromatic ring
system, a high catalyst activity, a high selectivity to
terminal aldehyde and a high linearity can be achieved.
Examples of such fused aromatic ring systems are
30 phenanthryl, anthryl and naphthyl groups. Preferably
9-phenanthryl or l-naphthyl groups are used. The
aromatic ring systems can optionally be substituted
with for example the aforementioned substituents, for
example at the positions of the ring systems other than
35 the ortho position described above.
Examples where R' and R? are linked to form
divalent groups R?® are C,~C,; diaryl groups, for example



a 2,2'-diphenyldiyl or 2,2'-dinaphtyldiyl group. These

| i gands g@l?@% gy epar ed using a variety of methods known in the art;
see for 18 descriptions in US-A-4769498; US- A- 468BEHNLATIENSIS Amer .
5 Chem Soc., 1993, 115, 2066. The orgagi < bidentate phosphite
conpounds according to the invention can be prepared with the 3- or
3,3 -substituted 2,2 dihydroxy 1, 1' - bi napht hal ene bri dgi ng conpounds.

The bi naphthgl shrj an,be. by 10 nmeans of
proceduresgag :u§¥qﬁé?g¥ﬁﬁiil ﬁe%%%n §e8%88@§?gi§éogr§ffﬁ) 413-416 or in
J. Am Chem Soc. 19%hesss ligandgemandber prepased Bsépg ntvarriatiyonal

1991, 23, aeometnodwaummpmt@néosrpeungae%a:bexah%ﬁ@r ed by using the
process de%crlbed i.n the, af or epent 235, 1 to coupl e these

bi napht hol 8FldéqﬁjQRﬁnﬁﬁuﬁﬁf%mf%68498ph3§pﬁ045 @ﬁﬁ&r?&@tés Amer .
(R[err]&))(RB‘xem](S)d?‘.Cl., Jm&ipareﬁsbyzoss t That begaRlier bliddnaad/cor R err] OH
Accor ding. PoOSRES % RoMRoRds FeS R ERY b8 EpermRrREt4 P0 At Benp) o

rhodi um or PEERGIGA ctifdouite wet hot hd. phosphistétuted i gand, Optlonally in a
Tothods. Tho a0l vanC oRPUETED tnapkt hay e, b 388 o0 e e

hydr of or rrylti‘gte %r} aghthah ggrrh%%?'%% %H‘BPPPPHFUH?ES"QCB#&@@G@ zPrYe for
exanplld hy deiaaess o thad o atesdu pe g aas Cdesct:)r fbed sal t‘&téa@@ﬁgbﬁlﬁm&at es, ds of
i norgani ¢ agigh S Xj gdes. . car bonyl coppounds,_an ne _conpounds o
t hese %@ % %ngﬂﬁﬂ4l§ égéu?¥ab?e96ahgr eBre 8F$o}§%g 78,

I r(CO 2( ac&@ﬁ amd[ &g | C;;?Q?f rﬁ‘reth(Mtﬁeat]ipnﬁh[.erl|9]9q.er2r3],, 200.

R(acac) (Ophbern OB LR bor s dAnlr 1 (O Ler 1,
[Rnl ( OcD) PEGFE m@é@lgcﬁrr%gpzvgﬁmalas&pséepénérc? i)

acetyll5 tgr@@mplﬁjﬂhesg Himaplychobcbaitighay avapoBhdsi svizh phenyl

%325& F/thﬁ%tﬁl%é%ﬁtﬁo%%ddwé hyg C?ﬁgkﬁﬁ@ddl %r%f?‘gf%gggﬁgéunds are

not ne&&&8&ing, R O ead Aoy RIOH: sriduREL1li st ed above. VO
98/ 19984 The catalyst system used QETEN595&QQ§%§
- 11 - i s, preferably rhodi um

according to Jhls 1nvent1 n can be prepared by mixing a

20 suitable rhodium or iridium compound with the phosphite
ligand, optionally in a suitable solvent, in accordance
with well-known complex-forming methods. The solvent
will generally be the solvent used in the
hydroformylation. Suitable rhodium and iridium

25 compounds are for example hydrides, halides, organic
acid salts, acetylacetonates, inorganic acid salts,
oxides, carbonyl compounds and amine compounds of these
metals. Examples of suitable catalyst precursors are
Ir(CO),(acac), Ir,(CO),,, Rh(OAc),, Rh,0,, Rh(acac)(C0O),,

30 Rh(CO),(DPM), [Rh(OAc)(COD)],, Rh,(CO);,, Rhs(CO) 460
RhH(CO) (Ph;P),;, [Rh(OAc)(CO),],, and [RhC1(COD)],, (where
"acac" is an acetylacetonate group; "Ac" is an acetyl
group; "COD" is 1,5-cyclooctadiene; and "Ph" is a
phenyl group, DPM is a 2,2,6,6-tetramethyl-

35 3,5-heptanedionate group). However, it should be noted

that the rhodium and iridium compounds are not

necessarily limited to the compounds listed above.



The process according to the invention is especi al | y advant ageous when

prepari (or | i near) al dehyde conpounds. 5 The
unsaturgggﬁség%gnlc conmpound that is hydr of or nyl at ed tBCF@?ﬁW%ﬁ%‘— ’
al dehyde according to the processiaceording to the invention has at

| east one ethylenically unsaturated ("C=C') bond in the nol ecul e

and usual |y between 2 and 20 carbon atoms. Exanples of 10 suitable

unsat urated organic fﬂgpﬂggg§ ggepkb@%q bl rﬁéé) {igal Iy unsaturated

ol efins, for exanple eth ﬁé utene, 1-pentene,
1-hexene, 1-octene, 1Abe Pr°ﬁ8ﬁ§né°°9¢@é@@hé°:Fﬂ%n#%ﬁ@%%h@n ishexadecene,

1- OCleR eIl 1 ¥ - saeaﬁeageémé ndedenepRir Manedefindd (bermnal ly
unsaturat d oIef nei é nBIe i sobut ene and 2-net hyl - 1- but ene;
l'i near, e ¥8FaF8@ oundg.efins, for exanple cis- and

trans-a butene ci s- ThedunsaturamsdQchganun compoumd thatsis- hexene, cis-

?RfernalI;QEES%égéffgtgPdfgl§or ng exa%%é?é?ﬁé%Eﬁrgéﬁﬁg?§3Fp§?butene
2- et hyl - prRaess angordinghyo- zhe inventicome has xatrbeast oseninal ly

unsat ur at %ﬂﬁéhﬂéaﬁﬂg unsa'tﬁtr%ﬁ:'é@ I qipsayt Wt @di Rl ehbNgp1ben1gxanpl e
oct enes rou dlnerlsatlon of butenes, ol efi

ol i goner - i ? i%ﬁrEGGV §rner 206l 2% carhonratomE, Examg @Flﬁg i ncl udi ng
propylene,suibabrecunsathuthesd o&rgimc avipamdphat éclineatyr at ed ol efins,

cyel oot e ke L fyn BRgeEiga ol TG dopTerdnbLE, PERET Brgani o
conpounds prepylenegl sd-buskenes di-tperdrens onathexendst Ltaehenefodl-exanpl e

styrene, a\phend®t *ﬂ¥h§t:>éfh%”e 1%1%'&&@&&@6@116’*536%% ceupounds, for
exanpl e 1, 5- hexadi ene, 7-oct adi ene and nor bor nad |en§ are al so
d

sui tabl e dﬁ%%?ﬁ?ﬁ?@ﬁ'oﬂeﬁﬁﬁ§sgﬂ§ and l-dodecgge ;i RE5RBFRLEE or ganic
conpouBsd negriminallysubshitutbeddrdlefiteor for cekanpleoisgbbytemes. The

ngthggfdﬁgé Hﬁﬁeiﬁgﬁah pten?; M eJFﬂf¥ﬁ%£§8Q§5y unsatur%ﬁ%%ﬁ/ig§8§e

the sane Rlefinsr f£posmexampdiotdic— gnd trangxanbrtesgygeds—sanshur,
ni trogen ofr pRESPhBEYEne, ciB@ENES: AndlESKeKosa} UEaERd agRyaNi ¢ conpounds

are trans—-2-octene and cis- and trans—-3-octene; branched,

20 internally unsaturated olefins, for example 2,3-
dimethyl-2~butene, 2-methyl-2-butene and 2-methyl-2-
pentene; mixtures of terminally unsaturated olefins and
internally unsaturated olefins, for example octenes
prepared through dimerisation oﬁ butenes, olefine-

25 oligomer—isomer mixture of dimer to tetramer of lower
olefins including propylene, n-butene, isobutene; and
cycloaliphatic unsaturated olefins, for example
cyclopentene, cyclohexene, l-methylcyclohexene,
cyclooctene and limonene.

30 Suitable unsaturated organic compounds are
also olefins with an aromatic substituent, for example
styrene, alpha-methylstyrene and allylbenzene; diene
compounds, for example 1,5-hexadiene, 1,7-octadiene énd
norbornadiene, are also suitable unsaturated olefins.

35 The unsaturated organic compound may be
substituted with one or more functional groups. The
functional groups contain one or more hetero atoms,



vi nyl nethyl et her, nethylol eate, ol eyl alcohol, 5 nethyl-2-pentenoate,

nmet hyl -3 entenoate net hyl - 4- pent enoate, 3-pentenoic acid,

4- pent endf @ 28219§4 2- pentene nitrile, 3-pentene nitril ecCHNEeRISEE.
nitrile, 2- pentenal, 3-pentenal, 4- €ngenal, 4- hydr oxy-1, 7-

oct adi ene, 1-hydroxy-3, 7-octadi ene, 1-neihoxy-3,7- 10 octadiene,
7-octen-1-al, acrylonitrile, esters of acrylic acid, nethacryl ate,
ester of net ac%yllc %ﬁﬁ neth¥lnpthacr¥late V|nyI acetate and

1- acet oxy- 37 may. Bfyi e same of differ Ifpm pR8cagetiesor iog to the

i nventi on cemab@lib oxyayen £cswWlibhin, anpﬁfbg§u|at|phad¢ﬁBE@QQOU5 nanner by
using as a interp

bet ween 4 ag:g%@glg%r%%4&r% TS M%\E/aésorgantls BPE‘BQPEdﬁePI’henaI (I i near)
al dehyde coNpd¥Ad:ethyl méhmt esnethylicheaheer niby) adsahoidat ed ol ef i ns
have 205;beﬁatﬁQQUzmygﬁggxag%eF%ﬁg@ﬁ§pLghpgﬁgehgaggdemggh gnternally

unsat ur at ed gl flns sub t tuted wth ope of unctFona gr oups

according tB ,5)—penteno{${%g+? CﬁTEFPFeBRPErPFIQPe?H

(5) 25 wlaertenlé[ erit]r idredl Ri-epedtene nibydlecasbpengeaspnetranef.erably

hydr ogen an S royp hydr gc group, whet her
gd- ?L a1s, % éﬁéﬂ 4 p8§tgn?¥ g ﬁ&?%aﬁg &h

or not substi wt'h™o e or norée uncti é6n ch contain a
het ero atonPcFéﬁlﬁ@e4D&ﬂﬁﬂ4$QWWg%n7-@@t@ﬂmenen|trmgehosy Bhdsphor us.

Preferald y, odgadien®de-fotdt Ly, havi ng
bet ween 4 agd Zglcggﬁqg af%ns iii%& a&P?@BHiéE?ge, esQ gi B\?\here R err]

and Rlerr] 8F&Y ' methacrylate, eR5RpI e GFtPﬂFEY APl pcdfsat ur at ed
ol efins 35 mavzhygniee;mm-rylzhw,d vingnrdeatatenanaceoadeboxiyos,7- fornul a

(5), where BL @EBL %%Q Rlerr] are hydrogen, are 2-pentene nitrile,
3-pentene nitril pentenoic acid and Clerr]-(err]-
AMENDED PAGE 13 Thepraorss atcIrpingehoi thacidvehtibascbaebef ound

t hat 15 carried out in a particularly advantageous manner by
using as a starting material internally unsaturated
olefins with between 4 and 20 carbon atoms in a process
to prepare terminal (linear) aldehyde compounds.
Examples of such internally unsaturated oclefins have

20 been mentioned above. Preferably, use is made of
internally unsaturated olefins substituted with one or
more functional groups according to formula (5)

CH;-CR5=CRé-R’ (5)

25
where R® and R® are a hydrocarbon group or preferably
hydrogen and R’ is a cyanide group or a hydrocarbon
group, whether or not substituted with one or more
functional groups which contain a hetero atom, for

30 example oxygen, sulphur, nitrogen or phosphorus.
Preferably, use is made of internally unsaturated
olefins having between 4 and 20 carbon atoms according
to formula (5), where R® and R® are hydrogen.

Examples of internally unsaturated olefins

35 having between 4 and 20 carbon atoms according to
formula (5), where R® and R® are hydrogen, are 2-pentene
nitrile, 3-pentene nitrile, 3-pentenoic acid and C,-C,-



t hese corpounds can be very well converted into the correspondi ng | i near

al dehyde“g:(%g?ﬁg&ps using the process according to the i?,wgg}aosgzhﬁse

al dehyde cofpounds, in particular nethyl-5-fornylval era

i ntermedi ate products in the preparatipm of [err]- caprol actam or adipic
acid, which are in turn raw materials for the preparation of nylon-6 and
nyl on- 6, 6, respectively. Exanples of (err]-Cerr]-al kyl -3-pentenoate

esters are qg yI St‘fttenoate E%IQP%JX %clgg?&opﬂ: na®e gf&}g%/hyqatoentyl -

and cyclohexy use 1's nmade and
et hyl - 3- th@@q mqemctﬁac%m«abe h'éeexrcsﬁééunegvsrréadeamq/ the obt ai nabl e.

3- pent ene giiridshor 189 L PIRe4r %61 deRPdeChBipbunas dadiig &y esters of
penten0|c aci d be resent In he reactl on m xtur.e. as a m xture which

al so conprﬁ&&?%?g, Mp%eﬁ?eﬁeenFPVPP§1°? ahese e acid and
Clerr]-5 cOmyoundd Kyiespersioblar madhﬁpemfermyamectate, respect i vel y.

The concen&rtgéﬁgégat (Qéﬁﬂggﬁoéhd% Rogﬁu%ng%pd(frkthe reaction

m xture may var rom mor 1ridium Preferably, the
concentratmmpriﬁnﬁammwr5®damd61ac®dppwhlch are in turn-Mawnolar ratio of

the multidepl@dGals pr’rSPPl'xé epJ:éSéPQtEBnr B@d'nWoQ{— drfl Wién-%”@r al l'y

from0.5 to 100 and preferab froml1l to nost preferably |ess
than 1.2 (FESREYEE?Hbi %%Q%P}es °fPFeT€¢aﬁ&@y}ﬁ%"PaPFSnPétﬁlgher t han
1.05. 9mal lesterde\drd irmsnyn—l | gaAgler phogylm,cdsegiomil-on vett—t hen

not aut ol Gally, 511 Nada! QYL okbRYY-52 i encate AVENDED SHEET

Preferably, use is made of methyl- and ethyl-3-
pentenoate, because these compounds are readily
obtainable. 3-pentene nitrile, 3-pentenoic acid and C,-

15 Cs—alkylesters of pentenoic acid may be present in the
reaction mixture as a mixture which also comprises 2-
and 4-pentene nitrile, 2- and 4-pentenoic acid and C;-
Cs~alkylesters of 2- and 4-pentenoic acid,
respectively.

20 The concentration of rhodium or iridium
(compound) in the reaction mixture may vary from 1 to
5000 ppm rhodium or iridium. Preferably, the
concentration is between 50 and 1000 ppm.

The molar ratio of the multidentate phosphite

25 1ligand to rhodium or iridium is generally from about
0.5 to 100 and preferably from 1 to 10 and most
preferably less than 1.2 (mol ligand/mol metal).
Preferably the ratio is higher than 1.05. Small
deviations in ligand or rhodium concentration will then

30 not automatically result in a lower yield to the
aldehydé compound. It has been found that by performing
the process according to the invention with such a
slight molar excess of ligand to rhodium the ligand
degradation rate is further decreased. When performing

35 the process with a slight excess of ligaﬁd to rhodium
(or iridiumj it will be preferred to monitor the
concentration and degradation, due to other causes than

This Sheet Has Been Replaced

THIS SHEET HAS BEENR
REPLACED

LT




al dehyde corrpound It has been found that by perform ng the process '
according to the invention with such a slight nolar excess of ligand to

r hodi um ’Hgaé‘hd degradation rate is further decreased. WEEANLOBDG595 i ng
the process with a slight excess of Liggnd to rhodium (or iridium it wll
be preferred to nonitor the concentration and degradation, due to other
causes than WO 98/ 19984

PCT/ NL97/ 00595 oxi dati on, of
the |igand RAdaiehe ebutke digpRé d““&%tﬁ%&%“pﬁ%&%sﬁ%d add fresh

ligand in eaeritwous precass andt Aadpirefeen edg"aam;ei&x Qrdyrerdg i on.
The reacti u e_as ja_sol vent I n the process according to
t he i nvent :}o%rrll{gﬂi ﬁfl ﬁassgé)‘!errfgl EAPRE a(ﬁ’(fl t"lp(ﬁ‘\:ad&‘fl‘)dﬂ addi tional sol vent

i S not necessary. Tf@er eagt i ponmiixtiuree nay ese"riwet P72 a)fsdlh.&ant
reactanss qfn tdies hyclsod o WE@BBSE‘n [ Qb LA drk At PG o gani ©
conpound, th alde de_and ? pr oduct's forne n par i cul ar the

by- pr oduct 44§ HEhe a%@bhlﬁﬁlPﬁn@ntéﬁﬁéﬁaﬁmﬁésSQHV%ﬂtzﬂﬁhQQQmal sol vent is
added, a Saieﬂééﬁirj‘lyd’rnéafbéatlﬁﬁr Mm% e 1@Wm%ture cﬁer&%} ne, mneral

oi | or cyclqhe ti nmpoun for t ol uene,
benzene, xyIcértagna(;@";r&%:sa%f gh ﬁgﬁmngFmX}Q%ﬁ"é"m Fﬁg the
t et rahydromﬁtumt%d organfionepmbouneyarghee adytdhyt@aimi)&qr @y-a nitrile,

for — Loexaiddudenzesihehl oin! XRRALLALT] e LELAYMIE LIy Uni on

Carbide), is suitaple for use a i'tional  sol ure of two

or more of & P gnbemperatugesg §Gl@@bﬁ@qkﬁ1QRﬁizﬁpkﬁﬁﬂﬁlwhal
solvent. added, a satﬂh&té&aﬁyaeﬁcﬁQm@mtlQQ& @xdnlile nagdi{pf ornyl ation

reaction i ce r di g to |nvent|on wi || be dependent of
t he partic%égg%fﬁgst§??2§%9uﬁ§ tﬁFaF3518%§é$Q?(: Sfh@romati The
t enper at ur €ARPYERRr af ¢y rampia todmene, temzems,urky lare 2@ e | C,

preferpply eQQ‘Ié’!e.enfép[é’ié%glénééphen}gg[t@sa] Ctetfre hglﬁrofburan,ﬂber R €SSuUre

i s generall P etween 0.15 MPa
and 10 MPa MostE R ‘E)’F%‘f‘%?ﬁbecﬂaQP\%éﬁ%ez Waaari’dtf% for

The nol ar rextanpld bynzogetr 2DE, C8eRAMROC1I® or tetraglyme® (Union
Carbide), is suitable for use as additional solvent. A
mixture of two or more of these compounds is also

20 suitable for use as additional solvent.

The reaction conditions of the
hydroformylation reaction in the process according to
the invention will be dependent of the particular
starting unsaturated organic compound.

25 The temperature is generally between room
temperature and 200°C, preferably between 50°C and
150¢°C.

The pressure is generally between 0.1 MPa and
20 MPa, preferably between 0.15 MPa and 10 MPa and most

30 preferably between 0.2 MPa and 1 MPa.

The molar ratio of hydrogen and carbon
monoxide is generally between 10:1 and 1:10, preferably
between 6:1 and 1:2.

The reaction according to the invention can

35 be carried out in a gas/liquid contactor known to a
person skilled in the art. Examples of suitable
reactors are bubble column, screen-plate column, gas-



nohoxi de 'is generally between 10:1 and 1:10, preferably bet ween 6:1 and

1: 2. The reaction according to the invention 35 be .
carried Olﬁgwgga gas/liquid contactor known to a persoﬁ%g‘?ﬂll’gl"’@&sgﬁn'-the
art. Exanples of suitable react orstare bubbl e col um, screen-plate

col um, gas- WO 98/ 19984

PCT/ NL97/ 00595 - 15- liquid agitated

reactor. liquid agitaf&&eqyanmmﬁ according to the invention can be

carried out batchw S?e ga(%[egegaabé%ora Bf.h@u‘fﬂ?}e & o@{ enS}. In a

commerci al process t ion i's carrie
cont i nuouscapEéedThRut bahﬁhﬁh&ﬂnﬂ% ﬁpbgéggab&m bénsPaFP@GMQPdw& exanpl e

dosi ng dpfaeeébodtmmaorcdnﬁﬂéhmpoapeeleés the pubbident ate phosphite
an

| i gand h nt at e hipne to a reactor I n_Qne operation and,
after the ?Eﬁg@FﬁBgVecﬁé§l ‘Béeﬁn 346G PHELENB2E8r af®® or gani ¢

conpound, cangdmuous lgsf]trweska el stdsﬁﬂﬁﬁeﬁobyhﬁoﬁ:e&&hnﬁlldﬂddsﬂrﬂ; in

conti nuous e.orL.Wth inter i ons ctor ef fl.uent contains

t he aldehyﬁgonBSS&Pm e Yits {#n%ﬁmPOungrlggﬁnﬁﬁ&ﬁﬁgﬁﬁ§atfhe nul ti dent at e
phosphi t e phgaptite5lidandanilienibatmopbdephbahe, pplosghlinee-taxiade, carbon
monoxi de, BYgEeeen saNodiGtl ¥en ORhAONEEL KT URRL: £ empeARAT MRAOXI de and

hydroaan can be separate fromt reaction mxturée, by redu0|ng in the
presstile tHifgR: adddpgmmphe (PHF?ﬁQFa?ﬁé AF GRR} Ge COTRONR e BARRPT r om t he

20_dr35U|tm6§Oﬁhﬁbuhﬁd|hy35?g§nﬁD@Etﬁépﬁéatﬁﬁﬂnﬁhﬁ&&uzihan LhOdLunlor .
iridiumco tidentate . Q ite t e phosphi ne an
phosphine-gg géguou ale %'96H6é$9 %%E?EP%@QES“Fnegﬁghct6¥§aﬁa reused in
the proceseffiventi cpntaine theenldehyd®hprodpsatat ithre Zhoditwpsar e
brefer abt Y 1 €3iLe fpd ALY Ui LLALhOREe pRBloph il IAO! O 0011

MPa, nost vacuum at a p essure of

0.01- &% NEBQ fgno enﬁ%&ﬁnﬂ¥9$ﬂhan?olPEGSPPFﬁﬁeﬂﬁﬁﬁﬁn(ﬂar ther suitable

\sMe}paAr gt6 i?)ggmembhq@el S HRIHYPde SRQAEREI Qaleénfcopr&WIQﬁstétBSCri bed in

t ted f
this react f%'&‘ﬁbﬁ\“xf‘\?r“é”ifs‘?%gaféﬁyhg%aﬁé Sﬁnt %ﬁﬁlegﬁa?ga e ds%:){gra ﬁ})e ar gtranrson
skilled i nrehetdon nbdnptes by redusmngabhetbepanamsnraexﬂwﬁmmes are

(vacuum  oxample 0.1 MPa. The aldehyde can be removed from the

20 resulting mixture in one or more separation steps. The
rhodium or iridium compound, the multidentate
phosphite, monodentate phosphine and phosphine—oxide
are preferably recycled to the reactor and reused in
the process according to the invention. The separation

25 steps are preferably carried out through distillation
at a pressure of 0.001-1 MPa, most preferably through
vacuum distillation at a pressure of 0.01-0.1 MPa, for
example in a rolled film evaporator. Another suitable
separation method is membrane separation as for example

30 described in WO-A-9634687.

The aldehyde product can be separated from
this reaction mixture using any separation technigue
known to a person skilled in the art. Examples of
suitable separation technigues are (vacuum)

35 distillation, crystallisation and extraction using a
suitable extraction agent.

The concentrations of the phosphine and of



35 distillation, crystallisation and extraction using a sui t abl e
extraction agent. The concentrations of the phosphi ne and of
WO 98/ 19¥848/19984 PCT/ NLO7/R5068E97/00595 -

- 16 - t he phosphite are preferably measured continuously or
regularly. If the concentration droﬁ'b%ﬁ(ﬂh t he desired val ue, as a
result of for exanple degradation of these conpounds, fresh conpound is
added to the recirculating 5 reaction m xture. It has been found that the
degr adat i ofther edwsiph idfe tare hoshdt akl omeasuadderoaky nuousdfiyf ext t he
activity anddularagl.eod Wiy Qnddferat1BY0aPhe! BRIBY ehe' CRRY

Preferably, the reCircul ating catal yst system I's contacted with a Lew s
base as de¥@iiUfed §%h aFxegult obHgEaBeexaBeiepAepEprdBty oPhOL dliesehase is an

i on exclomprindd ! IE st ccipopnd f6ragaaapke ghpagked ke atingf a

pol ystys en t.rd X cantaining.basic groups (far anpl e Anmberl i st
A2l err ).%fg%tlon m1Xtu9§bg£%?%7% ?83e§885§c3P8Fn§ fo t he I nvention
as used i ndelgr agledhigire producicherfit tbal phosphinepdesaniteddverEiegiyre 1.

Figure 1 whldedhq QIHCIAA M LP ana &n O]Eéiég'ﬁ@tiityeo%m&'ﬁ%r bel ow to
illustrate the reparati on of nethyl-5-tornylval erate using a 20
r hodi un ph&d Pttt a fiqn stagehion. In Figure 1

nﬁthyI-SIpentenoateigkégﬂtdﬁny, th@aﬁéﬁiréﬁlaV?ﬁngthHH@E-jjstéfagtor A
the c yst system.is, .present. m.xture .o . is fed to

t he aMdr eécst c?ron(tﬁycstvelé;%ﬁ}ga Sﬁﬁylﬁﬁ%afﬁegﬁ ﬁSﬁSggﬁt%% é"[zg%@osphi ne is
cont i nuous@3d3brathadnt préferablyebbeokevis pApeviig smrdan (3). The
effluent Ob@aGiq¥r Wtn ba§9@3§%§e€€ﬁgﬂgwylﬂ§m QM4 Yl Gea

by- product s, any unconvert ed’ 3- pentenoate, the catal yst system
phosphi ne, Sfarrh P HHHOKE e PRIt hi¥r 6§BR2 LB 1PEIPRS 150 IroAPTer(§W) via stream
(4). In theddmgaheraiddriier azipjessure is reduced to for exanple

at nos ric ~ pres re.sChéfon nonoxidg ang h dr% en.are separ at ed
fromthe reaction n1§$kﬁ%a§% Qi PERRFES) 25R8 Fé%ﬁclgh to the reactor
(A). The rdsviantipni cas dusedtimethe ewdmpiese depaschematigtadply C) via
gﬁzjuletclt ng 'tzi)eqsékiéhe%{@&m&@iguze 10 fegaret hopishepd Erddifadied We IS
a non-limitative manner below to iliustrate the
preparation of methyl-S5-formylvalerate using a
20 rhodium/phosphite catalyst system.

In Figure 1, methyl-3-pentenoate is fed to
reactor (A) via stream (l). In Reactor A the catalyst
system is present. A mixture of CO and H, is fed to the
reactor (A) via stream (2) and fresh monodentate

25 phosphine is continuously or batchwise fed to reactor
(A) via stream (3). The effluent of reactor (a)
comprising methyl-5-formylvalerate, by-products, any
unconverted methyl-3-pentencate, the catalyst system,
phosphine, carbon moncxide and hydrogen is fed to

30 flasher (B) via stream (4). In the flasher (B) the
pressure is reduced to for example atmospheric
pressure. Carbon monoxide and hydrogen are separated
from the reaction mixture via stream (5) and recycled
to the reactor (A). The resulting liquid mixture is fed

35 to separation step (C) via resulting liquid stream (6).
In separation step (C) the mixture is subjected to a
vacuum distillation. Most of the volatile components,



vatuum di‘stillation. Modst of the volatile conponents, WO 98/ 19984

PCT/ NL97%‘)229§9 - 17 - for exanple . _
nmet hyl - 2- id a%%te, nmet hyl - 4- pent enoat e, nethylvaleraﬁﬁ?wﬂﬁg ¥ the
unconverted nethyl - 3- pent enoate~-apy a snall part of the al dehyde
products are discharged via stream (7). Stream (7) is fed to 5

separation step D. In separation step D nethylval erate,
met hyl -4-p e [ \Se byl 2z no €4 | Sty ped via
stream (7b?.%trT%g%tsnf\prrlea€ﬁ§%l;¥g§%té%ggtegsg&%'aﬁ%%r)rglhyﬁ -93%&|C)¥ent enoegl't e are
reci rcul at B§tHY Ived@prtg amost of ather vagervgrtethdatdsilaudt ni xture of
seloar ?t i Onprlt:‘etrﬁ:Fh't(&)atﬂlé éeslm%m! parexefar®e alBehyiid goksdhdas ?1;3 )a -
pol ystyrene matyr.i X containin sic_anine groups, vja. st ream : e
o 1] uent (875 SHSEPARISR kIS PORemnT) - SERFAN {LE s AShEStep (F) the
remai nder cfepamtion wtepcbedInesbphrition atey @ mdtthylketdddredte 15
fornyl val e nd, k L SO s_.aLe atel t cat al yst
system thqe“%tﬁglr%de%tbé%g%ﬁgasgﬁi %ghaﬁgsbﬁ'}-%%%@’l pzfg:(ﬁjrgﬁﬂ%aytem%es of vacuum
distiIIati6h§cﬂﬁ$9%%iﬁuaiStreamré&?@he@ﬂﬂyaﬂmﬁﬁhﬁl12©Pﬁntﬁ@93%%n1(10).
Pref erabl y a ol iy DVS-pERL BhBALR! alkB 2R 122 UARGRE St d O LU EVENT (Y
accunulatlon(ﬁ%é?- rogﬁcis Sgd .t he_degradation products, of the
phosphi ne ¢ (HFeam pRadphiPe E687FGUAds ™ ﬁ%ﬁﬁ?[ﬁﬁxﬁquQﬁﬁl%%stly
conprik@ stegn @pubs Hédthe dbadexamhamnasrhi(B) cat Packedyiseédnot Tae
concentrati | LPs:SU I f JEP | 1.y: be higher
than 100 p %ﬁtjgﬁ%%&f%ﬁgrEtgﬁgﬁqﬂlgﬁz_y@%wgmn%n&lh%egi%m i‘i of Oélap
commer ci al ISFnedter ekl i nfhe effluesss (9% iis r@%r%&##%@t?me
cat ﬁl yst sy($t)fe.|mIn Sf\ﬁgpifibﬂ%ﬁﬁﬁ r(E_qditullrg_ Q@a@ﬂﬁd&l Iégg%ﬁje conpl ex from
such a purge flow. e rhodi sphiite liqand ¢ can
advantageo&ﬁﬁfqg;?%&%@éﬂ%g"gFBEPgﬁgﬁa &Wgé%ﬁ(ﬂﬁgﬂgifgéing a menbr ane
separ at$ on frmomgelssa her sitecanledranci®d i somer36 68 7sepax ot @d efit owonf usi on,
t hese purg sh ' ' : -
Met hyl -5-f§rgnéyﬁ'¥/%%¥§?% 3%5%?%%&%&@?%%#%% g.arheo%?%lc%%r%%% t\’/¥a stream
(11). Met hjprasducts byrmganal efavacuwdy e idkatckopurihe ceepide. §s
di stillatigiecyldPed Ofoexehanger (E)MMallste din (10).

Preferably, purge flows are present in the

20 process to prevent an accumulation of by-products and
the degradation products of the phosphine and the
phosphite compounds. These purge flows mostly comprise
an amount of the rhodium/phosphite catalyst system. The
concentration of rhodium in such a purge flow will

25 generally be higher than 100 ppm rhodium and lower than
2000 ppm rhodium. For a commercially interesting
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

30 can advantageously be recovered from such purge flows
using a membrane separation process as described in WO-
A-9634687. To prevent confusion, these purge flows are
not shown in the figure.

Methyl~-S-formylvalerate and branched isomers

35 are discharged via stream (11). Methyl-5-
formylvalerate, may be further purified by e.g.
distillation. The ion exchanger E may also be
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- 18 - positioned el sewhere in the process other than between

separ at i oWOMBEPY4(C) and (F), for exanpl e between r eact BCT/NE)7/00555 _
flasher (B) or between flasher (B) and ;g _separation step (C) or between
(F) and (A). Because the 5 degradation and or |oss via purges of the
phosphite | i gand cannot be avoi ded fresh catal yst systemw || have

to be supplled Q the recircul ating catal ste The
i nvention aP83* &éP@F seﬁ' y@ttﬁi)P 9%?%%185ﬁﬁfigbﬁ3 SEQVSBB 8- 10
netag, ? FUSEpdeataba stepsxﬁﬂwcammosmh;tﬁotlgﬁmdpae Heseweehed above ?ng a
nmonodent at e resen e

by the genergFe? mg(a \ggcgtkltﬁge}%&reg{aﬁ °Ph‘9‘§€€%§g ?g [s)geﬁr gﬁﬁ grabl y as
descri bed a§89éfath@n15taﬂwﬁﬂﬂ(Pzﬁhﬂﬁxﬁén bF)thedPRBperBchhssphhae are

f t t h hi
pref eraly y degrﬁﬁ‘é%‘i'&ns%rid“ﬁr ﬂfsé era@%@%ﬁéerthsr%fgpnibs phosphi ne

I s between } err] and err] t

210[err]. +3i9and cannot hf aygy r%%%%? FatahEsEapErySR 395@en120
accordi ng thavbetlon\b@ntslmljzﬁéd)rtﬁf etfl@é)HYed‘,hﬂdtllﬂtli[bI&atalyﬁat al yst system
IS partlculgkgx ofdvantageous if it is used in the hydrofornylation of
internal ly unsaturated ol efins as described above. The
cat al yst system accor hgy inyvartd @5 alswenelanesahof ar cagadpbt al so be used

as a 10 NY8yeexandonditi Jbl Wbl Ps-Po! gEAL73h! A1t idenkapaer i sation
and carbonyl ation cata y I nvention wll be further

el uci dat ed B§gan1°n€ RiH & d ¥qand @ igdeseniPefi 2PAYCeRBAPRes. The 30
conversi on mbnmﬁbhﬁbﬁ&wyﬂﬁsynmﬁéz(ﬁ&ﬁﬁhlﬁoﬁbﬁentat@epﬁeﬁbﬁﬂﬁeOEaHBP

Fol lons cal 28 Segaesenred ST oTharab FRTREISBE ani TAE HRRORREn
converted téR’) gwpRYs @it \nukteiablheasndescr ibadnabbie.ofh®BP which 35
E’%‘SI'/ RIES;EI ng@?ﬁﬁhc groups H0 By 1&9§4PR', phosphine are preferably
osen so that the steric parameter © of the phosphine
is between 160° and 220°, preferably between 170° and
210°,
The metal present in the catalyst system
20 according to the invention is preferably rhodium. This
catalyst system is particularly advantageous if it is
used in the hydroformylation of internally unsaturated
olefins as described above.
The catalyst system according to the
25 invention can for example also be used as a
hydrocyanation, hydrogenation, polymerisation,
isomerisation and carbonylation catalyst.
The invention will be further elucidated by
means of the following, non-limiting examples. The
30 conversion of methyl-3-pentencate (M3P) is the
percentage of M3P reacted. The selectivity to methyl-5-
formylvalerate (MS5FV) can be as follows calculated: the
amount (in mol/h) of M3P which has been converted to
MSFV is divided by the amount (in mol/h) of M3P which
35 has been reacted.



- 19 - Exanpl e | A Hastal l oy B autoclave ((A) in figure

1) Wighd og196gy ume of 1 1 was |oaded with a 200 g cataly tion
The catal yst solution consisted of : 568 g m 5 xyl ene, dngL%%B%%nnol)
r hodi um di car bonyl acetyl acetonate; Rh(acac)((I»[err]) 20.0 g (65.8
mol ) tri-(ortho-tolyl)phosphine an 14.0 g (12.8 mol ) of a

bi dentate phosphite ligand (Merr] = 1090) with formula (5) 10 [erf]
To the autqglav tPe reactor) was al so added 300 g of 20

met hyl - 3-p (MBP) (stream (1) in figure 1). The react or was
heat ed under 1 MPa CCAHHestRlpogsSBuratcktlhve (¢Kﬂ/hmlfi§ﬁt€)loo 95[err] C
The CO'H2 W@:ﬁ%%éﬂ%ﬂé del“i was t1*2>%d ‘”cf‘%&ﬁrn ti&@'@(&t{sggétgure 1) e

such a way as streamfrom react or .
The reactchQkHﬂ%P%on?h?ncappidﬁ¢w§9&9¢Hﬂﬂ)Qﬁnﬁiiﬁﬁ@ of : A§8sgom-as the

reactorscorﬁdﬂéheg nprﬁoshanu 3 SR IrHYElun Wedtbohfioverfloved via a
di p tube an exceSs of reaction mxture was renbved (stream (4)

in figure ﬂcetﬁ‘l)ea?%ﬁEPBFeef(F‘Méﬁla@t(rc@ém)ex|2§)t i@ JeBE ™Medid in excess
of 500 m anmi-toeehbedolgisphosphilnkl and WOV ¢ O( B2 NP SEABL)Cofr assure via

a back preqi#g and [ i gui,d separat o (B) in
figure 1) éhtate ggggﬁ%g&epgsgaﬁ?t( oug%%@%) 6%%%1 ?éﬁkf%ofigbar to
renove condensables- vented 35 (stream (5) in figure 1). The liquid was
collecigd in the bottom of the gas liquid separator fromwhere it is

sRntrol valve to

. (g Q)

To the autoclave (the reactor) was also added 300 g of
20 methyl-3-pentencate (M3P) (stream (1) in figure 1). The
reactor was heated under 1 MPa CO/H, pressure (l:1
mol /mol CO/H,;) to 95°C. The CO/H, was constantly fed to
the reactor (stream (2) in figure 1) in such a way that
there was always an off-gas stream from the reactor.
25 The reactor could contain approximately 500 ml liquid.

fed (stream (6) in figure 1) throydgy

As soon as the reactor contained more than
approximately 500 ml, it overflowed via a dip tube and
<the excess of reaction mixture was removed (stream (4)
in figure 1). The reactor effluent stream existing of

30 ligquid in excess of 500 ml and unreacted gasses was let
down to atmospheric pressure via a back pressure
regulator and fed into a gas liquid separator ((B) in
figure 1). The gas was —after passing through a
condensor to 1 bar to remove condensables- vented

35 (stream (5) in figure 1). The liquid was collected in
the bottom of the gas liquid separator from where it is
fed (stream (6) in figure 1) through a control valve to



AVENDED PAGE 20  the first short path rolled f|In1evaporator (CD i h

figure hi s evaporator nost of the unreacted MP, products
and a S#QPPQE%$€ of the al dehyde products are evaporated JK3@$ )

(78947 Pa at 90[err]C wall tenperature The liquid residue (strean1(8) in
figure 1) passes through a colum fiTl % Wth an amount of 7 g of a weakly
basi ¢ Anberlist A21 resin ((E) in figure 1). Fromthere it is punped
(stream (9) in figure 1) to a second short path rolled filmevaporator ((F)
in figure the firshi shordpgaEtiorrohtedeffdindervapbratterufri€actied M3P and a

t of th d h 13158 Pa at
S0 er71C hEATTRE, rlénﬁéfr’i G HERROFAEDy UG BroBRTnyesiand s

ue o e second evaporator was
punped bacl3Fst r Q(Wf( RY-REPI4GES 20§ AnERadhePprEscPér thgerdiReh¥O8si ng t he

ltﬁolto tThe b?@ﬂi%rcﬁttsmaﬁ}:@@vé{{@ﬁéﬂé& @habet btaeutaa?r(?b?r ama gy ad w?zd such
at at_a s r unni situa nstant. tota uid.inventory in
the set® up¥ qg %ﬁ 4Eif %x; i?ég ﬁ951F“€aﬂEGF§FgH(%QCEJ¥o regctor
liquid pr|ﬁnqulqhkm|dds§esntbréﬁghra2cbmumn dilledcwiah an @xjomnt] C fresh
MBP (streage(1) %ﬁf 'aqLU k]\['\fsbé)élmeﬂmbgg:g1EQeA?ﬁage%r1nagf(%§r g of 90 g/h

and al so nore ¢ on was punp /h. CO and
Herr] areffig@prs 19) o IF(‘JR/FPIF dtkene 3b N/ PuppededmteEpm A %) g}@re) The

pressure i gigRiredtl 0,to Maseddn@pPhoxt pakBuirslaleld 'thﬂ.ndlesﬁalddr&ttldins and
Pours The 8 up ™ GAHES & Lt kBt & BVRPEATCICRES EBBART NG RN
concentratt@m|unnd&£teduniﬂ andapppaxtmetelthe3®F Vppmodiied sRiavgghosphi t e
mol ar rati@yadorated under a higher vacuum AYEUPER BACE+2@Rec
heating temperature). The residue of the second
evaporator was pumped back (stream (10) in figure 1)
15 into the reactor thereby closing the loop. The
temperature and pressure of both evaporators are
adjusted such that at a stable running situation: a
constant total liquid inventory in the set up, is
maintained. (Approx. 1200 ml if calculated back to
20 reactor liquid prior to distillation.)
After 2 hours of reaction at 95°C fresh M3P (stream (1)
in figure) was pumped into the reactor at a rate of 90
g/h and also more catalyst solution was pumped in at a
rate of 80 g/h. CO and H, are fed at a flow-rate of 30
25 Nl/h (stream (2) in figure). The pressure is set at 0,5
MPa. In approx. 4 hours all the distillations and pumps
are operating and the catalyst feed is stopped. After
another 16 hours the set-up reaches a steady state. At
the stable point the Rh concentration in the reactor is
30 approximately 300 ppm. The Rh/phosphite molar ratio is
1/3 and the phosphine/phosphite molar ratio is 5/1.
Once every 24 h a liquid sample is taken from the gas-
liquid separator. This was done very carefully
excluding contact with oxygen and moisture using a
35 sample taker which was carefully opened in a dry-box
making up the the samples for all kinds of analysis.
The samples were analysed for organic and inorganic
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1/ 3 and the phosphi ne/ phosphite nolar ratio is 5/1. Once every 24 h a
l'iquid sampbsgrigsstaken fromthe gas- liquid separator. This, Qﬁgg very-
carefully excluding contact with oxygen and noi sture using a samp Laker
which was carefully opened in a dry-hoxj,making up the the sanples for al
ki nds of anal ysis. The sanpl es were anal ysed for organic and inorganic
WD 98/ 19984 PCT/ NL97/ 00595

- 21 - ts usi_n chr omat ogr hy GC,. high pressure

li quid chron&ﬁ@%ﬁ%ﬁﬁy Pﬁbﬂe)%a%&§ 'H%ﬁﬁ%ﬂ GC, 'hig nBh@ESERRR) and
El enment al éhbmwsﬂschzgmahoqraghwtQHPchlunun&nnnrmﬁ@néhecconposition of
the liquid ﬂélséﬂsncé o (RARH O (s erﬁgen?qtaafyﬁo 3916 k\{% n%f’ﬁ

pent enoat e, 06 wt.% neth ¥ Ccls
val erate, 9“1? %P%H@FWI Pﬁawsul%mferﬂé& ellq’.usfl . %’xe

net hyl - 8i s- ﬁe@@ﬂbenﬁabedeﬂeiﬁlned\&s(%dngéﬂdttifﬁ§f3ypﬂﬂlenoate 0.04 wt. %
xyl ene, 0.48 fqrnyl val er ate, 06 W % net hyl - 3-

f or myl val er%?%teﬁo%{ewt ro%%ﬁef"ﬁ'yl% et ¥y 16 4 {g%ntenoat,q, 8d-8E. %
et hyl - 5- fortry’ovraétahxﬂ.evéIl/EE‘d):,e.O 2 et metRyDAREddagh-pate, 0.48 wt. %

al dol condeﬁgﬁé ? ﬁng,tts s %elh &yf C#Aj_( o%é@c;n%%éll )Rgggphi ne, 0.44

15 wt. @6tr|(ort osphi‘ne- 0xi vi es and
cat al yst cdﬁ"bo’he?\?EhY tr#aSerﬁme@ttermatxq»e Gubstwini%e xplénee 0Of 48

hydr opgooxiwhess meth?i HBEok&yh%q@:@éé' '1 Etﬂs %&t 64;@59,8;1@ pressure over

trl-phenylgg jne, and, fed_over a colunn 1 al um na- oxi de
prior to f ﬁ% Y# FBaFﬁe refdt &t - % mEtﬂ¥§(ﬂfﬁ??@%&%%lﬁéﬁéecontlnuousely
col | ected anhd.89 wangl ytetdyﬂeﬁ—ﬁmdqﬂivmmtdmm, oJpe weagtion could
be run for g&go,gﬁ%%fQ?EPﬁltgm ca%ngﬂﬁ.)%photg)%phéégdgggr dation by

oxi dation. But _t ho- tP8ed for 68% at
the end of R¥Rductsy f. 5$eW§c&|¢FFJQﬁFﬁqR$QHKiXm#p%m@nged @réth 84 to 82%

The cohSer sitork chapgedt Aokt blllye )PP IE ey idWa 4.6 fheDt e set-up
going fromyQ §0ed7hg catalyst components.
To ensure that the substrate is free of hydroperoxides
the M3P is batch distilled at atmospheric pressure over
tri-phenylphosphine and fed over a column filled with
20 alumina-oxide prior to feeding it to the reactor.
The distillates were continuousely collected and
analysed for product composition.
The reaction could be run for 250 h without significant
phosphite degradation by oxidation. But the tri(ortho-
25 tolyl)phosphine was oxidised for 68% at the end of the
run. Selectivity during the run changed from 84 to 82%.
The conversion changed a little because of sampling
from the set-up going from 79 to 77%.

30 Comparative experiment A
Example I was repeated, except that no tri-
(ortho-tolyl)phosphine was added to the catalyst
solution. In this run the reaction could be run for 110
h at a degree of conversion of 80%, with a selectivity
35 of 82% to MSFV, relative to M3P. After 110 hours of
operation,the concentration of the phosphite ligand
starting material dropped to below stoichiometric in



30 Conparative experinent A Exanpl e | was repeated, except

that no R{é 8/ (ortho-tolyl)phosphi ne was added to the catalyst

sol ution PHRPL run the reaction could be run for 110 PCH/NAO7/80588 gr ee
of conversion of 80% wth a selectivigg 35 of 82%to M6FV, relative to

MBP. After 110 hours of-: operation,the concentration of the phosphlte

| i gand starting material dropped to bel ow stoichionetric in WO
98/ 19984 PCT/ NL97/ 00595

- 22 - e T ePERcEy EhPf?&HF‘umThFhé%a&eF&t‘%’brfarta‘i ST

si gni fi cant3iggihibcanhipr $tbe cnwease.dm o.rml%asaardj tdhe90%) amﬂ e\ché vity (to
MBFV) droppssh al 09 i excess
é'é@i’@it? éw gg?v% Op S a res t @#ﬂ%& Q%%l on rea

| i gand had been degr.ade i ons, as

i ndi cat ed A e ?TPdNN/Ra"- all tE)@a#ﬁIC@SISI ligand had beemdggnadedmas

repeat e, ex@egélyhak aoretsﬁuleherﬁylom@emdw R Billed), ths the catal yst

sol ution nst 141 tho t ol yl ) phosphi ne. The
Rh/tri pheny’llb b%‘bﬁ?ﬁ 8?l’at |éo *1/10 on a nol ar basis. The reaction had

the follow ng characteristics: the reaction could be run for the whole
run of 250 f Jo. Wi fhout significant catal yst oxidation. But 73% of the
tri phenyl prm%e—was ultimately oxidi sed, as I ndi cated by [err] P NWVR
During the whol e run EKampapedt Waist y enaadiathd RRd that 8204 (a smal |

decreag® watsr DPREHYEFhbEpHE 83% Al biaaed) tdoqgiéwruangap{s& heoTwid® 81% at
the end). The gl %ree g i E%P 2 sl \%e) pQ_*owever y 63% The results of
[err] P NMVR 205888488 EG1{ Rat PerEoly, aRGvity was
attri but ablRhfbr i phengtphospdfi niehe aftriic wa/afmaqnhlmenolar vibddig he rhodi um
Shomon ves TRETEREEPPIBE SIS AR gt gt Dol
expensi ve ﬂwygpﬁegg ion could be run for the whole run of 2 h
15 without significant catalyst oxidation. But 73% of the
triphenylphosphine was ultimately oxidised, as
indicated by 3P NMR.
During the whole run the selectivity remained around.
B2% (a small decrease was observed from 83% at the
20 beginning of the run to 81% at the end). The degree of
conversion was however only 63%. The results of 3P NMR
suggested that the lower catalyst activity was
attributable to interaction of the tri-phenylphosphine
with the rhodium atom.
25
These examples clearly indicate that hindered
phosphines like tri(ortho-tolyl)phosphine can
succesfully protect the expensive phosphite
hydroformylation ligands from oxidative degradation
30 without affecting the actual hydroformylation rate.
Although less hindered phosphines like tri-
phenylphosphine also protect the phosphite ligands from
oxidative degradation, they also decrease the
hydroformylation rate of .the catalyst. |



hydroforhylation | i gands from oxi dative degradation 30 w thout affecting

t he act uwl dayessaf ornyl ation rate. Al though | ess hinderg Ng‘gﬁpd}bpes
like tri- phenyl phosphi ne al so protect the phosphite |igan

oxidative degradatlon t hey al so decreds$e-the hydr of ormyl ati on rate of
the AMENDED CLAI M5 1. Process
for iv H"H""L%“Hf an aldehyde t hr ough hydr of ormyl ati on of an
unsat ura e Lorgars c * und cnit e pregence of a catal yst system
conprising rhodi um or |r|d|un1and a multidentate organi ¢ phosphite

| i gand, characterised in that a nonodent at e phosphine is present. 2.

Process actoerdi Rgocesd dfiom Ithehprepaeatiod bfi an altdedydene: mmmagtent at e
phosphi ne has apgtf" e 220[err]. 3.
§H§dfbrm ylat @g?% An %ﬁ%agﬁEQ%%%h % Q&

Process according to any one terised in that the
nonodert at e pho§FHA:N 1nrﬁ&“aP§F§PP§ep8ﬁaﬁeFéFaGY@¢ [BAS¥EHh 170 and
210[err]. 4. Bumyrﬂsxngxrmb@gumOoanyrQaeuﬁfa@baWﬂmulﬁidentate

characterised i at. th odent Lne
tri(ortho-tolyl ?’6}% éo%p%ltﬁr ggg gg‘ r?&etrd‘s:frﬂ/ hERAt @ aim 1-4,
characterised |mqnnﬁenﬁ&£QMMMQ$phnybansopresentneact|on m xture contains

1-40 ol rgnodemidicies acdbEpllyNEoPELaTR! 1uckiadevUa Ao te |1 gand.

6. Process ac %1to any characterised in that
t he hykdft of or ny| &hadn the mc?fé%@@nbﬁtm phosehdde: hiass 2 skei® nonodent at e

phosphi ne per m@aﬂﬂﬂéﬂé¥”§aé§ PEeGBBnt €6l @ad 2260, Process according to
any one of _cl ai aracterized in that .the hydr.of ormyl ati on

reaction nPxtur Qﬂﬁﬁ%ﬂrﬁ?ﬁ?ﬁgﬁnﬁDFonﬁpylBgﬁt e claimssmite |igand per
nol rhodi um or ichatiamt & isedr bnethaacthedmogoderaateophadpitiee ns 1- 7,

characterised i rhaté‘aﬁt §{@rfylé£9§ﬂ5@5‘? 8 92N tween ARS AL &1492and has

t he follomﬁng gener a
4. Process according to any one of claims 1-3,

characterised in that the monodentate phosphine is
tri(ortho-tolyl)phosphine.
5. Process according to any one of claim 1-4,
characterised in that the hydroformylation
20 reaction mixture contains 1-40 mol monodentate
phosphine per mol multidentate phosphite ligand.
6. Process according to any one of claims 1-5,
characterised in that the hydroformylation
reaction mixture contains 2-10 mol monodentate
25 phosphine per mol multidentate phosphite ligand.
7. Process according to any one of claims 1-6,
characterized in that the hydroformylation
reaction mixture contains 1-1.2 mol multidentate
phosphite ligand per mol rhodium or iridium
30 8. Process according to any one of claims 1-7,
characterised in that the multidentate organic
phosphite ligand has the following general
structure; '

o~R?
35 /
X40-P (3)

0-R?
n
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AMENDED CLAI MS (co ﬁﬂ““‘““ﬂln where nis 2-6, X is‘an :
n- val ent o m mul‘ and Rlerr] and Rerr] are,
independeﬁé?@ 3$4one ¢ “&nof'het, two organic nonoval ent aEVHW§W6@m95andior
one dival ent diaryl group. 9. Process according to claim8, characterised

I n that the nultidentate phosphite 24 gand and rhodi um or iridium
forma chel ate-type conplex in the reaction zone. 10. Process according
to claim9, characterised in that the nultidentate phosphite ligand is
a bi dent ate PhQSQhMIQdlzyﬂujXMiéuéﬁmhi&%iéﬂgng¥ganlgeB? @ll bructure
[err] where Y. an are the sane or différent_orga

groups havi ng atgfgggtagﬁeicaPBSn t BRPandRePgRdently of one

another, two organic monovalent aryl groups and/or
one divalent diaryl group.

5 9. Process according to claim 8, characterised in
that the multidentate phosphite ligand and rhodium
or iridium form a chelate-type complex in the
reaction zone.

10. Process according to claim 9, characterised in
10 that the multidentate phosphite ligand is a
bidentate phosphite ligand with the following
general structure:

s (@X®)
OQ

o
R1—-o\¢, e o
20 R2—O~ *O—-R2

where Y and Z are the same or different organic
groups having at least one carbon atom and R* and
R? are the same or different monovalent organic

25 aryl groups and/or one divalent diaryl group.

11. Process according to claim 10, characterised in
that ¥ and Z are carboalkoxyl groups, having the
formula -CO,R, where R is a C,-C,, alkyl or a Ce—C;2
aryl group.

30 12. Process according to claim 11, characterised in
that R' and R? are the same or different
substituted monovalent C4~C,, aryl groups
containing at least one R* group at the ortho
position relative to the oxygen atom, where R! is

35 C,-C,o alkyl or C,-C,, aryl or R' and R? are
monovalent C,,—-C,;, aromatic fused ring systems with

2 or more rings.
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(I?L:r(rj} Vglrv:mggmeb;fﬁmﬂmm"m@mumnoval ent organic AI\/EN?)rE?:/gl, groupsosgasm—j/?r

(conti nued) . *Process m ng to claim10, characterise

that Y and Z are carboal koxyl groups, -h2siAag the formula - CCQR, wher e
Ris a (Jerr]-CJerr] alkyl or a (Jerr]-(err] aryl group. 12. Process
according to claim1ll, characterised in that Rlerr] and R err] are the

sanme or d'figren@roceséﬂggﬁéf&iﬁg gB”QKg'%EE g&e%&hfﬂ iy Aryl groups

containing at |east one rou a3t iomS’el ative to the
oxygen at om wheﬁ@qq%ﬁqﬁr4%?d In tPéFthe[épSFhMIHﬂEQMORQQan Jerr] aryl

or Rl and R2 arecompodmoi/s?l'@:@t11@[:85h]al@&ehblsa%'iﬁ"¥%téd3 Mﬂd ng systems
W th 2 or re.rin ocess_according to any oné of clains 1-12,

Pr
characterised i n YYARY Eﬂ@ﬁﬁu?a?ﬁ 6PgSArEon” ato®$mound i s an
internaldy ddsat Pracss s apoonding tohaitaligt net,mmréca;ruiﬁbd:aﬁrzbon at ons.

14. Process aCCOﬂHdHJQHECBfé?%%§ CBHBBEBE Es%dﬂdﬁt ne t the prganic

conmpound is 3-pentene nitri t éhoic Pac er ﬁ -'Cerr]
al kyl ester of 3BfRAIT acid @El@;”QEathrch@ﬁst%rccnﬁ‘ oﬁ-mﬁnt)endwcm 13,
characteri sed inac1d that the CJerr]-Cerr] alkyl ester of 3-pentenoic
acid is - 3- entenoa e or eth¥a13 pent enoate. 16. Process

|
accordi ng t&sany SRE RS AShegdingsto claignds,ccdarastarisathtin he
al dehyde i s prepartedt |1me C,_"Q% amnyunmrprdﬂz@-@éﬂtdmm ddea cpg al yst

system S rgH§§ﬁ< d 8] I.ne . is

cont i nuousl bat c se a d2%8§gééhgg eE g 53 %%H@%nQ9%ﬁ ‘ng to clains
1-15. 17. aI y $IF OAR8 A TRR Gi Rungor hmn omeouoﬂ cla@iimg 1arls, _
mul tidentate or gaNaxaWsPied® LhoRAdt 8RE 81denyd®PNAdHAE JosPhI ne.

a continuous process in which the catalyst system

15 is reused in the process and fresh phosphine is
continuously or batchwise added to the process
according to claims 1-15.

17. Catalyst system containing a group 8-10 metal, a
multidentate organic phosphite ligand, and a

20 monodentate phosphine.

18. Catalyst system according to claim 17,
characterized in that the monodentate phosphine
has a steric parameter © of between 160 and 220°,

19. Catalyst system according to any one of claims 17-

25 18, characterised in that the monodentate
phosphine has a steric parameter 6 of between 170
and 210°.

20. Catalyst system according to any one of claims 17-
19, characterised in that the monodentate

30 phosphine is tri(ortho-tolyl)phosphine.

21. Catalyst system according to any one of claims 17-
20, characterised in that the metal is rhodium.

22. Catalyst system according to any one of claims 17-
21, characterised in that 1-40 mol monodentate

35 phosphine is present per mol multidentate
phosphite ligand.

This Sheet Has Been Repl Wﬂ

T

S




AVENDED CLAI M5 (co "m,emm"w(uy! tal yst systemaccording to claim 17,

characterized in that the. e phosphi ne has a steric paraneter
0 of betWOMYY and 220[err]. 19. Catal yst system accor di MGI/NBYAR§Sone ~ of
clainms 17- 18, characterised i r Rl6at- t he nonodent ate phosphi ne
has a steric paranmeter [err] of between 170 and 210[err]. 20.

Cat al yst system according to any one of clains 17- 19, characterised

in that theijDmdSE'&@ﬂrSt sy steah@scmarraqﬂ td | tamgtcp& yél)mpsspiwe 21.
Cat al yst system corg o any one of characteri sed

in that the rreta Gﬁ\“??d éé’taﬁ% azsﬁsq é‘fﬂ]aé‘b‘if?‘bq%t%%e any one of
clains 17- pB&spnhaeam‘eeallsa& ipT ddatt ped0 mall nonoibe 04 Se

phosphine is pre I Itldentate phosphite |igand. 23.
Catalyst SySt6ﬂ1§§§% 5?%8”? g#y ‘one of clains 17- 22, characterised

i n that 52- 194 nol Cabadueht svstem acoarcking e watmione Cpﬁ%bmmﬁ)elﬂ'rml

mul tidentate  _23,PbRaRBEe:liseRNdn YhatCAiAl YAl SY@ARAECOrding Lo any
one of clainms 17 23, characterised in that the nultidentate

phosphite |i gandPFQSBhBF&eﬁtlétaé‘de@sﬁl léiqf}fg?érﬁi phosphie ok #93R3t 0 any one
of clains 10-12. aEEorH&ﬁgOftot AgyC Hrid W S reepz di ng to any one of
clains 17-24._as cat droc anation dro enat on,
pol yneri satfoh, ﬁg %I gg‘? t&r'lys SY& cﬁﬁﬁoa’ft‘?’()xhgr"e% %/ b
10 claims 17-24 as a catalyst in the hydrocyanat1on,
hydrogenation, polymerisation, isomerisation or
carbonylation reaction.
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