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HYDROFORMYLATI ON PROCESS ¢ The invention relates to a process
f o The Aydr of of myl ati on of et hyl eni cally unsaturated conpounds
by reaction thereof with carbon nonoxi de and hydrogen in t he
presence of a catalyst and a solvent. 5 The hydrof ornyl ati on of
et hyl eni cal | YWQA%U56F at ed conpounds to form oxo-al dBFFEPISB4SH or
oxo- al cohol s, herei nafter referred to as oxo-products, is of
considerabl e industrial inportance. The process has been in
commerci al operation for decades and over the years 10 much

devel opnent work has been done to optim se the reaction conditions,
the catal yst system and the equi pnent. Al t hough significant
progress regarding the separation and reuse of the catal yst system
has been made, it is fHYDROFORMYLATAON BROEESS further inprovenent
15 of the process is still needed. In Internationa
application WO 95/05354 a process is di scl osed wherein a major part
of the netallic cofg¥hdmyvention relates e pxpeessy§PEnthe recovered upon
cooling a hydrofgnglpitdsn bEqetHylenidéally mdatira@enr coinpgunlis 20

reaction m Xturﬁr;ﬁa{wgﬁaogpr@&g BOLYER! SO0 A MBikiYe and hyaRbh@AIsRO! &'

group. Thus, I reac
the presence of a catalyst and a solvent.

S The hydroformylation of ethylenlcally unsaturated
compounds to form oxo-aldehydes and/or oxo-alcohols,
hereinafter referred to as oxo-products, is of
considerable industrial importance. The process has been
in commercial operation for decades and over the years

10 much development work has been done to optimise the )
reaction conditions, the catalyst system and the
equipment. Although significant progress regarding the
'separation and reuse of the catalyst system has been

made, it is felt that in some aspects further improvement
1s of the process is still needed.
In International application WO 85/05354 a process is
disclosed wherein a majof part of the metallic component
of the catalyst system is recovered upon cooling a
single-phase liquid reaction medium comprising the
20 reaction mixture and an aprotic solvent containing a
strong polar group. Thus, a multiphase liquid reaction
medium is formed comprising one phase in which a major
part of the metallic component of the catalyst system is
present and at least one further phase containing a major
25 portion of the oxo-product.
The preferred solvent in WO 95/05354 is sulfolane.
Sulfolane is particularly suitable in the production of
higher (Cj1+) oxo-alcohols, when cooling to about ambient
temperature suffices to form the multiphase liquid
‘30 reaction medium. Regrettably, when producing lower oxo-
products more rigorous cooling or more solvent is needed



mediumis formed conprising one phase in which a mjor ~ part of the

netal lic conponent of the catalyst systemis: present and at | east -
one further phase containing a major 25 portion of the oxo-product.
The preferred solvent in WD 95/05354 is sul fol ane. Sul fol ane is
particul arl | e in the production of hi gher (%%#

oxo- al cohol )s“,’é%%aﬁgcool i ng to about anbi ent t enper a #ces to
formthe nultiphase liquid 30 reaction medium Regrettably, when
produci ng | ower oxo- products QDEE_rigOFOUS cooling or nore
solvent is needed- - 2-

to cause phasd-&Ruse PbAse seRArathenapptevwill doe tappreciated tihaits
adversel y af f atiis tdaveaeel9nuigbct BetBeOg86fiomy of the lp¥ddwidore, traces

of sul fol ane rg&EI |_n oduc hase need, tq _be renpved in a
separate step toO pﬁ%@%&%’atﬁ:@gg% 8¢ %)‘Z‘%)‘-fﬁfj‘gﬁﬁcge'ﬁﬁ?uh%e‘t% the, Rmadyer
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in an alike e selected at, Wll_to Suit the
range of oxo-progfcr}t%n%r%%%é‘ggglxﬁgacépgsgggsas&3018 thefefQR% ed above.
However, such desixablen teadjindaghtegpatives tot sel folaneathate pemfctrm (i) be
a fl U|td at al linvairkidldke mamefqo?ﬁaéitaag;mﬁyit%ebge];@(};@é%/tgtpg}jjm |tr3e{_t or
pronot i ng; : i | ahl e _to_dissolve cata] yst under reaction
and ses‘f‘alrtattl(ﬂc?n %ac? | P?oﬁ%‘?'????%&ﬁv?ﬁ%&éc%‘% & RGeS afs

react i¥®n condidississadd aidvey Poweverepanghi éa npthah ewsy task, as

0Xx0- product s (the).altdwiadivelsehibt:ands) band/ eiul9h€raPK Grorking

products (€. 9 aord {ldnsd 1th H3"88ka3Y 388318 L0 E00S SL S ing
(iii) be able to dissolve the catalyst under reaction and
separation conditions, (iv) provide a single phase at’

15 reaction conditions and allow phase separation with lower
oxo-products (e.g., C7-Cj7 range) and/or higher oxo-
products (e.g., C11-Cig range) at separation conditionms,
and (v) be thermally and chemically stable. '

Surprisingly, the inventors have found a class of

20 compounds that allow phase separation without excessive
cooling or use of large amounts thereof, and that meet
these conditions. Accordingly, a process is provided for
the hydroformylation of ethylenically unsaturated
compounds having at least 4 carbon atoms by reaction

25 thereof with carbon monoxide and hydrogen in the presence
of a solvent and a catalyst system obtainable by
combining:

a) a source of Group VIII metal cations;
b} a source of anions; and

30 c) a source of phosphine ligands,
wherein the solvent is a C1 to Cy1p alkane or alkene
having two or more cyano'groups attached.
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and (v) be thermally and chem cally stable. In GB-A 2 256 641
there is disclosed a process for 20 prepari ng al dehydes by

hydrof ornmyl ati on of al pha al kenes* having at least 5 carbon atons in
the presence of a catal yst system conprising Pd or Pt, a weakly or
non- coordi nating anion and a bidentate phosphorus, arsenic_or
antinony |i J¥P8718Mar acteri sed by a defined sel ection of 23CT/EP6/f44s4

bi dentate ligand. Optionally the process can be carried out in the
presence of a solvent, which nmay be a nitrile such as benzonitrile
or acetonitrile. No special effecd s attributed to the sol vent.

In US-A 3, 627, 843 kiefiexakslydi sheoselivanpr bgessC{ aso Y alkapeepari ng butyric
al dehydes by h r 0 p e of a

cobal t - carbony ﬂi&%é’ég&iﬁd‘ﬂ%o'kr Wi cyg%%s%ﬁ r#é]%%¥%§ﬂ§32cﬁggh medi um
sel ect ed fron1%“§tance, suitable solvents 1nc1ude dicyanomethane. 2a-

group conS|st|ngaD6n6hlﬁ%iMdM knl2&ﬂhd?aneétH&ﬁéUKBUbdﬂndﬁLtr1le),
tetraalkyl -ureas, &ﬂ%ﬁé&%ﬂtéﬂ 'a!:ﬁf:gﬁx%?mi‘%) acfté”li}é]}an%-z buren and

adi ponitrile. ctron nedi um
The speci al efﬁ@bPYGE?W?%RR¥%$H¥§)P é: 5551°Yan?EER§4Qﬁ1Qﬁ&mQL%WH§rﬁﬂGﬁmtlng

the sel ectivity, 6ftdidiganchexane Nytiberoniykalepn I,@-ﬁi@hﬂdﬂﬁ@l@s t he
product n-but Yhb&ane nd é!%j%h%qﬁc Bobpﬁa‘ﬁépe&?@ P;ﬁ[ c‘shed al dehyde
AT cohol i poni

and the ; ‘her ac e’ nor a rire-were
tested in thi sthereef opither or not WlerEPl§Pﬁ§@% the inventors have found

a cl asspo of wmmamﬂdgatthal hegyheRasLo widHn iW tilgout excessive
O 1o USCpBLebBLOS AT 5 WIALEAL 18" Hhe $ nd®Yarbon aton 185

conditions. Ac® process 1S
range, such as adlponltrxle Solvents in the lower carbon

range, such as malonitrile, are preferred when prepar;ng
the lower oxo-products.

15 The hydroformylation process of the invention may be
carried out in a homogeneous reaction medium using a
dissolved catalyst system of adequate activity, whereby
nevertheless the catalyst, without significant loss or
decomposition thereof, can be readily recovered and

20 reused if so desired.

Accordingly, the invention relates to a process for
the hydroformylation of ethylenically unsaturated
compounds having at least 4 carbon atoms by reaction
thereof with carbon monoxide and hydrogen in a single-

25 phase liquid reaction medium, in the presence of the
aforementioned catalyst system, followed by effecting the
formation of a multiphase liquid reaction medium,
preferably by cooling the single-phase liquid reaction
medium, comprising one phase in which a major part of the

30 Group VIII metal cations of the catalyst system is
present and at least one further phase containing a major

- portion of the hydroformylated product, wherein as
solvent a C; to Cy1g alkane or alkene having two or more
cyano groups attached is used.



the~hydrofornylation of ethylenically unsaturated 15 conpounds havi ng

at least 4 carbon atons by reaction t hereof with carbon nonoxi de
and hydrogen in the presence of a solvent and a catal yst system
obtainable by conbi ni ng: a) a source of (}oup VIIlT meta
cations; a source of anions; and

phosphi ne I | ga9'gli’3543 wherein solvent is a err] to err o%sgl kane
or al kene having two or nore cyano -groups attached.
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n this manner it is possible to ensure that a major

portion of the metallic component of the catalyst system,
i.e. more than 70% thereof, is present in the liquid
phase containing the inert solvent, whereas more than 80%

5 of the oxo-product is present in another phase, the oxo-
product phase, from which it can be easily recovered by
known techniques.

Using any of the solvents mentioned above, in
combination with a well-selected oxo-product, the

10 multiphase ligquid medium can be readily formed when the
temperature of the reaction mixture is decreased to close
to ambient temperatures. If desired, the reaction medium
can be cooled to lower temperatures, but for large-scale
operation this is not considered of special advantage, in

15 view of the additional provisions needed for cryogenic

' cooling.

Mixtures of solvents may also be used, for example a
mixture of one cf the aforementioned solvents with
sulfolane or with a protic solvent, such as an alcohol.

20 In the latter embodiment, the alcohol will separate into
the oxo-product phase. Typically, an alcohol is selected
which is identical or similar to the oxo-alcohol as

. obtained in the hydroformylation reaction. For ease of
operation, preferably a single solvent, which is a C; to

25 C3o0 alkane or alkene having two or more cyano groups
attached, is used.

The amount of solvent to be.used in the process of
the invention may vary considerably. For instance, the
amount of solvent may vary from 3 to 50 % by volume.

30 Preferably, the multiphase liquid reaction medium is
formed by cooling the single-phase liquid reaction medium
to a temperature within the range of 0 to 50 °C, more
preferably within the range of 25 to 45 °C. However, it
is within the reach of those skilled in the art to

35 establish in each case the degree of ccoling and the



- 3- Preferably, the solvent is a err] to (Jerr] al kane or

al kene having two or nore cyano groups attached. For | nst ance, .
surtabte sorvents I nclude di cyanomnet hane (mal ononitrile),

1, 2-di cyanoet hane (succinonitrile), 5 1, 4- di cyanobut ane

(adi ponitrile), 1,4-dicyano-2-butene . . (di hydromuconitrile),

1, 5- di cyanop®Q 3wkssG3pi nel onitril e), ' 1, 6- di cyanohex BRHEP?
(suberonitrile), 1,6-dicyanocycl o- hexane, and
1,2,4-tricyanobutane, etc. and m xtures t hereof either or not with
sul fol ane. 10 VWhen preparing theShirgher oxo-products, it is

preferred to usptamadl ¥asént Nt > IRieglitcreq@iked fdpNthe formatiamgef such as

adi ponitrile. en inythe. la rb . :
malonitrile, aggh%%gﬁg?%ebl§§kél%%%ﬁ%gﬁﬁhggdluT'_Not g&ﬂ?*ﬁ%ﬁg%?ghucts.
15 Th&eapdrenenhs| ox i arMyfRhesds ePndAEiPRT P b MR be

carried out inexpa@ingABRDUBesERES ipHOVIRIEA Hettei NgfBer are alsd ssol ved

catalyst syst eilaly AUEGURLS: A0 Uddund O SBhvene proslEusiy el g0 (e

catal ys W th ST g | cant "T-0sS of eco , can be
readi |y recovens@dand 20 reused if so desired.
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ydr of ormyl ati on of et ni cal | y_‘unsat urat.e . oun vj ng at

| east 4 carbon s&a&ﬁﬁngyx‘ﬁgﬁﬁf%nys pre er%‘}é’r &8 o\’&nefﬁnglgﬁ%xﬁg qﬂfrr?grgiq’de and
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cooling the si MEAhSR yI#q ngrﬁéék?Qnékég% pe? Wga?ﬁ%%etpﬁ%%ising one
phase in whi ch toxmgtdonpaft aorulhirhgse liquidreagkirnBediuRatWRAESRY the
catal yst systenifeS metallic cBhB&R&ht 3HE e |d%&:%tl?'@l&es§mtéﬂﬂeis Rbssent

ae N0 2 T iane, phase: PR TRITT BTRE BF BPRLRRCTRTIAR L or more

cyano @Soups atanmsihed iphageedcan not be easily effected.

The ethylenically unsaturated compound may comprise
one or more double bonds per molecule. Preferred are
internal olefins having from 6 to 14 carbon atoms, or
mixtures thereof. Such olefin mixtures are commercially

20 readily available as products of a process for the
oligomerization of ethylene, followed by a double bond
isomerization and disproportionation reaction. Typical
examples are mixtures of linear internal Cg to
Cg olefins, of linear internal C;j to Cj;p olefins, and of

25 linear internal Cy3 to Cj4 olefins. However, also alpha-
olefins having from 6 to 14 carbon atoms may be used, for
instance in the presence of a Pt—bésed catalyst system.

Carbon monoxide and hydrogen may be supplied in

_ equimolar or non-equimolar ratios, e.g. in a ratio within

30 the range of 5:1 to 1:5, typically 3:1 to 1:3. Preferably

they are supplied in a ratio within the range of 2:1 to
1:2. '

In the present specification the metals of Group VIII
are identified by their symbol as Fe, Co, Ni, Ru, Rh, Pd,
35 . Os, Ir and Pt. Preferred are the metals of the platinum
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-4- In this manner it is possible to ensure that a mgjor
portion of the metallic conmponent of the catal yst system i.e. nore
than 70% thereof, is present in the liquid phase containing the

I nert solv eas nore than 80% 5 ~of the oxo-pro ' esent

I n anot here%agge, he oxo- product phase, from whi gﬁ‘?@%ﬁﬁg e
easily recovered by known t echni ques. Usi ng any of the
sol vents nentioned above, in _ conf nation with a well-selected

oxo- product, the 10 , mu) ti phase, |iquid nmediumcan be readily forned
when t he IEOUP p hef at e A t3RA (RiacQfofheegr uPalladiee, baseeBt 0 cl ose

to anbi ent teppefetruveds.Exdmplss refl suitmbleametal gedidds are _can E_e _
cooled to lo 85 S r e~ e s QPEration this is
not consi der\gg{am Sgﬂec?% lg v%%ga]g%) i n,acrf% ma%gllvﬁg\(/iv ‘o‘%“fh‘g.a‘dh‘?; i onal

provi si ons neéHgﬁquF RFIdgefirtfonic acidgyorpgarboxylic acidsiwitkhes of
sol vens s nmay apsvtobk2usarborh Okt @@ Trhetal complexe&hxbﬁge RitRNEapboh he .

af orenment i one t | f 0 ] totic solvent,
such as an al @8@3@8%&\,A‘d"w'r’ﬁlat‘%%t?%ﬁge'r %é'an%gl i F‘rr’%#? tl Fﬁ'é'g%\'f‘% hEtERi 71
separat e i nt 080114 matepial,such AR AN Hios @xchppoes Py, carbahcohol s

sel ected ‘Pallauliiui(I3) | destarealamd psliatindm (ra)t be?eymaaée@mteas _
obtained int h t) i F o] oper ati on,
preferably a g?ﬁg%géfsa%?\élg#t)g é\ﬁ%%fllﬁ%& a{ﬁ%aelr %Ou?%%%S Cerr] al kane or

al kent% havi ng t woP8r CABPEnesantPyr ARE compound ggnezakifng ARiomedmay
The anmpunt of beousedt Sachecompsunds tily FAGRIBeOacids or salfg i nvention
may vary CO”SEﬂSE@Bk¥-fE?rekgﬁéfQ?ean§*§% the acids mentioned above,
which may also participate in the salts of the Group VIII
metals. The anions are preferably derived from strong -
15 acids, i.e., acids having a pKa value of less than 3,
preferably less than 2 as measured in aqueous solution at
18 °C. The anions derived from these acids are non-
coordinating or weakly coordinating with the Group VIII
metals. The stronger the acid, the less the anion
20 coordinates with the Group VIII metal cation and the
higher is the linearity of the hydroformylation product.
Typical examples of suitable anions are anions of
phosphoric acid, sulfuric acid, sulfonic acids and
halogenated carboxylic acids such as trifluoroacetic -
25 acid. Also, éomplex anions are suitable, such as the |
anions generated by a combination of a Lewis acid such as
BF3, B(CgFg)3, AlCl3y, SnF3, Sn(CF3S03)3, SnCly or GeCl,,
with a protic acid, such as a sulfonic acid, e.g. CF3SO3H
or CH3SO03H or a hydrohalogenic acid such as HF of HCl, or
30 a combination of a Lewis acid with an alcohol. Examples
of such complex anions are BF4-, SnCli-, (SnCl;.CF38031 -
and PFg~. The preferred anion source is trifluoromethane-
sulfonic acid.
The phosphine ligand is preferably a bidentate ligand
35 of the formula



anount of solvent may vary from3 to 50 % by volune. 30 Preferably,
the multi phase I |qU| d reaction nediumis formed by cooling the
strgte=pirase— oo Teactiomnm _medr um o a tenperature wthin the
range of 0 to 50 [err]C, nore "preferably within the range of 25 to
45 [err] C. However, it Is within the reach of those skilled in the
art to 35 wowasslish in each case the degree of coolingP
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- 5- opti mal amount of solvent required for the formation of a

mul ti phase liquid reaction nmedium No specl f4c pressure

requirenents or atgongppBeglprERadi tions ap@![ The experi nment al
results provided hereinafter are als indi cative, for the anount of
sol vent pref er #neFedsy BerePresent‘ijﬁg’”alent organig bridging Graly |

unsat urat ed comeeitadnisgdfasm 1 to 4 atomd iirg thet bridgei SRbramidRb] y an

ol efin having f 24 S @tsqmgtg_gﬁtggl SEWh&,- OF a mxture
thereof. It 10 tro(aptﬁer be F.”Sié tt at wt |ca unsat ur at ed

corrpoun&s su SrdeFl“t‘F&doﬁVﬁ Qcogr%“Eanlﬁf‘F FRCYREENGIRS
formation of a ard tlipikeske thi qnedPratoni and rRetliand R\ﬁhenébpendently t he

metal I c COMPOnalt.d &"t‘h% %ﬁb@kxé&téa%f%é.éub%%%hted hydroéé‘rWP phase

and a I’TB.] or por he "0oxo0- proauc ano ase, can not be

easily effecte®roup, or t°get*|’ﬁ§ E?R??%?PE%IVWU?BP@HEEB%%U?H may
conprise nowiEuLEt ititeddeybl £c bgnoksp pereraldye thieetwPr £feered are

I nterngly ol ef i ng, NAYING 4™ Enk8al€o CEAE OB KL at®hn.

In the organic bridging group, represented by R,

typically all bridging groups are carbon atoms.
Preferably the bridging group contains two carbon atoms
in the bridge and is for example an ethylene group.

is5 The bivalent (substituted) cyclic group, represented
by Rl together with R2, in general comprises at least
5 ring atoms and preferably contains from 6 to 9 ring
atoms. More preferably the cyclic group contains 8 ring
atoms. Substituents, if any, are usually alkyl groups

20 ~ having from 1 to 4 carbon atoms. As a rule, all ring
atoms are carbon atoms, but bivalent cyclic groups
containing one or two heterocatoms in the ring, such as
oxygen- or nitrogen, atoms are not precluded. Examples of
suitable bivalent cydlic groups are 1,4-cyclohexylene,

25 1,4-cycloheptylene, 1,3-cycloheptylene, 1,2-cyclo-
octylene, 1,3-cyclooctylene, 1,4-cyclooctylene, 1,5-
cyclooctylene, 2-methyl-1,5-cyclooctylene, 2,6-dimethyl-
1,4-cyclooctylene and 2,6-dimethyl-1,5-cyclooctylene
groups.

30 . Preferred bivalent cyclic groups are selected from
1,4-cyclooctylene, 1,5-cyclooctylene, and methyl
(di)substituted derivatives thereof.

Mixtures oflligands comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of

35 ligands with 1,4-cyclooctylene and ligands with



m xtures thereof. Such olefin mxtures are commercially 20 readily
avai |l abl e as products of a process for the ol i goneri zati on of

et hyl ene, followed by a doubl e bond i someri zation and

di sproportionation reaction. Typical exanpl es are m xtures of

| i near intepRdy rr] to Cerr] olefins, of Ilnealxé?%§ Cerr]
to (Jerr] ol efir@éand of 25 linear internal CJerr] to &?&Heflns.
However, al so al pha- - olefins having from6 to 14 carbon atons nmay

be used, for i nstance in the pr eis]e_nce of a Pt-based catal yst

system Car boT nonoxi de and hydrogen may be supplied in
equi nol ar or Ao~ EYGAABFEYLPRE i FEOURSy. in a ratio within 30 the range
of 5:1 to 1:5, typnc&heyligdnd® df fofmeferial,yR3 and R4 tWhgy are supplied

in aratio w tiga FkhﬁeﬁémgergﬁrgéénéObariowf ﬁonlc%cllc or cyc&éﬁtln the

resent specifica I fied by
ltohel r symgol grogps. CSPtRPna Posipituted with @é‘bsFlit&ﬁatPt suphefgr r ed

are thé netalal&bx&hgrphpblﬂﬂﬂh 1 to 4 carbon atOn]/ hald3en atoms or
PCT/ EP96/ 04654 ~6-

group,
i.e., N, Pd ac& 50 € alhgl)amgégl%do% I S nost preferred.
Exanpl es of sui taﬁ"é‘mﬁéFﬁl axy AHexl groups such asnpshyds dgobrepydalts of
the nmetal and s@ic-butydcadd tert- butys],ulgiwups,acuyd;lo‘au.hcfqugeoa@gdgucgr

wih yrbon . 2 Yeidplaryd b8 CPCTORERIY HeENT, mel. BroRE” ebih req w 11
a 10 50| inbesmterrd t?%% %§°'AP|S| Wé@(je %‘Pu@ér sysh as a
Pal | adi un(1 1) reeimthydedepgabup uniowevasotpdafeitia®lt ®3, together

with R? represents a bivalent cyclic group, in particular

the same group as the group represenﬁed by Rl together

with R2, in which case the two free valencies of the

15 bivalent cyclic group are, of course, linked to M2,
instead of M. Thus, preferred bidentate ligands of
formula (I) are 1,2-bis(1,4-cyclooctylenephosphino) -
ethane, 1,2-bis{1l,5-cyclooctylenephosphino}ethane and
mixtures thereof, as well as the homologues having two

20 methyl groups attached to one or each of the cyclo-
octylenephosphino groups.

For the preparation of the bidentate ligands,
reference is made to known techniques, for example the
method disclosed in GB-A-1,127,965.

25 _ The quantity in which the catalyst system is used, is
not critical and may vary within wide limits. Usually
amounts in the range of 10-8 to 10-1, preferably in the
range of 10-7 to 10-2 mole atom of Group VIII metal per
mole of ethylenically unsaturated compound are used. The

30 amounts of the participants in the catalyst system are
conveniently selected such that per mole atom of Group
VIII metal from 0;5 to 6, preferably from 1 to 2 moles of
bidentate ligand are used, and from 0.5 to 15, preferably
from 1 to 8 moles of anion source or a complex anion

35 source (i.e., component b) are used.



are exanpl es of preferred netal sources. 10 As component (b), any
conpound generating ani ons may be used. Such conpounds may conprise
actgs—~or-sarts Thereor; tor exanpl €, any of the acids mentioned
above, whi ch may al so participate in the salts of the Goup VIII
nmetals. The anions are preferably derived fromstrong 15 acids, i.e.,
aci ds havi ngWO 9§543al ue of | ess than 3, pref er abl y PCEERIGHEH 2 as
measured in aqueous solution at ' 18 [err]C. The anions derived from
t hese acids are non- coordi nating or weakly coordinating with the
G oup VI metals. The stronger Th2 acid, the less the anion 20
coordi nates w th thEheGhydrofbirinylatibncaan dve asiditidbdy carried dugha&t is the
[inearity of thdwAll ¥dldedbnOBoRBPEYShs . Hence temperaliRE&ainS¥RUP!es of
sui tabl e ani ons are anions o o phosphoric acrd, sulfturic¢ acrd,

sul foni ¢ aci ds ¥#Rge of 50 ton208gehA%e xaaamended. aprafesred as
trifluoroaceti ctefiperatureaCibding i, thanphnde asff O tA A6PUPL aAlReactsiti) as

t he anj er.at b opbi ' f ] ci.d. as
BF[ err] ,5 B(J e%’]o%%e% %r (ri?le %F%PFerg? Qa%é\%bedr)rﬁa%: la%\g ar sQ;EEBE]e,
Sn( CF[ err] SO er?qy [t rjhe Saogeef] SoFoGeEP Ry |abs are prefgrrpda pewerc
aci[d, ]smc:{] as] aoB highuxe lﬁfﬁsﬂ;,ur&sgmaﬂzbérééﬁﬁéﬁd,] Himt:f are notOf
CH err]SOerr] H or i cid..such as HF H or.3 a
conbi nati on of %&Eselgmdégegc{c%&%]vﬁq%ﬁag%l 2l 8%%%?@%(%‘%1 el&s)ofe?ge’r' iuggeguch
conpl ex ani ons P¥esPres Mequire Epecial| sagipeent erpwaiosg-err]][err]
anlolf PFayr] . OIThe pr-nieer;rzeﬂ:e@y'h@f saer @ﬁvéﬁtiéﬂzfislcaummﬂta@esuitabledco
sul foni c aci d. T ls g ' r i dent at e
UL 80719 ey cor, ol SoAMSINLIR bt il P AR ikl
PCT/ EP96/ 04654 ©lefins at high rate, in particular by using a catalyst
system as defined above, based on palladium.
Furthermore the process is very useful for the
15 preparation of aldehydes having a high linearity, in
particular by using a catalyst system as defined above,
based on platinum as Group VIII metal.
The invention will be illustrated by the non-limiting
examples, as described hereinafter.

20

Three experiments were carried out using respectively
sulfolane (Comp. A), acetonitrile (Comp. B), and
adiponitrile (Example 1) as solvent. These experiments
were conducted in a 300 ml magnetically stirred autoclave

25 {"Hastelloy", a trademérk) at 105 °C and 50 bar abs
(hydrogen gas/carbon monoxide ratio of 2:1 v/v). The
autoclave was charged with 56 g of an internal C;,-C;3
olefin (40% Cy;, 60% Cq3, ex. SHELL), 49 g of 2-ethyl-
hexanol, 0.8 g water, 1-2 g Ci3 paraffin and an amount of

30 solvent set out in the Table. The catalyst was obtained
by combining palladium(II} acetate, diphosphine (20%
isomeric pure i,2-bis{1,5-cyclooctylenephosphino)ethane),
triflucromethanesulfonic acid and zinc chloride in a
molar ratio of 1:1.4:(1.9-2.6):1.5. The Pd concentration

35 in the reactor was 0.04% by weight on total contents.



-7- | Rlerr]Rerr]P-R-PR err]Rerr] () | wherein

R represents a bival ent organic bridging group containing froml to
4 atoms in the bridge, Rerr] and R err] t oget her represent a

bi val ent substituted or non- 5 substituted cyclic group whereby the
two free vahihei ks are-linked to one P atom and R gidrlepaéilssl €]

| ndependent |y represent a substituted or non-substituted

hydr ocar byl group, or together represent a bivalent substituted or
non-substituted cyclic group whereby thelémo free 10 valenC|es are

| inked to the oth e _or gani i roup,
represented by R the reacn‘?’i‘/pﬂ'ﬁlq%}]ﬂﬂedbg’ dﬁ'ﬁ’ﬁﬁsg?guég‘a {: * at ons.
Preferably thatbnvidguad geophetentaiversiom dbebteratbas 99%) an in the
bridge and is fRra@fagRLensl Piovd ese SHSUR ob% was observlae E?Va' ent

(substi tut ed) clic group esent err her with
Rlerr], in gePgIPglucEﬁnﬁFFsggr &1' ‘$ at m°°“'§'lF¥ﬁg any sé B preferably

cont ai Bs f r omaAdehyfesi agd heavy endt(nﬁ;tﬂﬁbm@epaafeypblthheaﬁycyic group
contains 8 ri r@'atlo n ve@tﬂ@ndm%ﬁé@'ltrﬁ;?gxfceﬁ@ a!ﬂﬁ{ﬂal l'y alkyl

groups 20 awngl§ roml carbon ato aru ring

atoms are car S5FexrdRed by B vRiretic \aNalyshsomyovided Pse“é@nfaFﬁan one
or two het er oahraies ratbheonsngntsuch as oxygen- or nitrogen, atons
are not precluded I t,a | v C oups are
1, 4-cycl ohexyl eneAf%inB %aaeémn %ﬁ én?o‘%fgé ?Iu?? yﬁk’f’gngg

1, 2-c¥0l o- thero@mr@ﬁen qrsceple%dmn%ﬂs wasy selmlasét. yFeﬁe 1,5-
cycl ooct yl ene,sihglet- mblasla Eeaycb.oncmykmlee w5 -aiglEidhtio ambient
1,4-cyclooctyl Fe0- HBEEYhid ?a é”fﬂyﬁed in casedroups. 30

Preferred bival ent cya grQups "are se ecte from '
1, 4- cyclooctyl%ﬂﬁ§° ANS. @W@I69699Pé5€1 ar¥eYR§RRloyed. Pall@&ﬁf@uﬂ??ltuted
derivatives thiswnfted visually in bhetsobeerf laygands conprising different

o w1 1, o, SHSISHIOUBEAT, DB 5 5 0B e o Lres of 30
compiled in ‘the Table fo low1ng hereafter.

Further comparative tests involved dimethylsulfoxide,
N,N-dimethylformamide, 2-pyrrolidone, N-methyl-2-
pyrrolidone, 1,3-dimethy1-2-imidazolidinone,

20 ~ monoethyleneglycol, diethyleneglycol, monomethyl ether of
diethyleneglycol, triethyleneglycol, 1,2-propyleneglycol,
1,4-butanediol, monoethanolamine, triethanolamine,
anisole and tributylphosphineoxide, and glycerol. Albeit
these solvents may be used in accordance with the

25 teaching of WO 95/05354, either excessive cooling or
large amounts of solvent are required, since in most
cases no phase separation was observed at 25 °C for
mixtures of 20 %w solvent with 80 %w C313-Cy3 oxo-product.

" Only when monoethyl glycol and glycerol were employed was

30 phase separation observed. However, in these cases the
catalytic performance was extremely low. These results
prove that the presently-claimed class of solvents
comprises the preferred substitutes for sulfolane.
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1, 5- cyclooctylene groups. In the ligands of fornmula (I), R err]
and—Rferri—Tay TTdependent Ty T epr esent._vari ous non-cyclrc or cyclic
groups, optionally substituted with substituents such as 5 al koxy
groups with.1 to 4 carbon atons, hal ogen atons or (err] to
d err] al kyWoewissesgr oups. Exanpl es are al kyl QCIHEPI/GEN as
et hyl, isopropyl, sec-butyl and tert-butyl groups, cycloal kyl
groups such as cycl opentyl.- and cycl ohexyl groups, aryl groups such
as 10 phenyl and tolyl groups and-biatalent groups such as a
hexanet hyl ene group Fbmever preferabhyégqgrr] together wth
R[err] repres eft-s—a—pi-vatent—eyelt+e oot parnxm &t "he sane
group as the [@#BupNPepresentedlBy Rlerr] thBether 2 with Rerl], in
V\?i ch case lt_r@ouweni;r ee val enciiealebihhe 15acetoni1ir\ﬁai ﬁ&ipﬁﬁﬁ:til?r OUDdar e,
of course, i t nst ep ryl, S. preferre
bl dentote liﬁ%%gg.ng%m@%b g LT T fe o MAT 14 10455
1, 2- bi s( 1, 4- JFenyece-ed&dphosplhPRo) - 89¢t hane, |82
1,2-bis(1,5-cm@kngtqunephosp Lne) et hane hfd; . wt ures thereof, as
wel | as the HqQnol ogues I ng 20 ' hyl groups attached tol one or
each of the c?&P at % qu oct Pgnephosphl ggroups. 76 . For the
preparati on cmawhéfbmddﬁw&te | it @ardds, 0.8referend@.6s made to known
t echni ques, flQr |Q% e o.8 hethodjgisgclosed ijp eB-A-1,127,065. 25
The quantity ]i cat aljyst system used, is not crltica
and may vary qfﬁgﬁﬁmﬁ gsllnlt<%%UBually 6 amoud®® in the range of
10[err] to 1dMheaviy, epdsf bl v |il@ t he 2.4 14

phase separation |+ -% +

at 20 °C

at 105 °C - - -

*

of acetonitrile is increased to 20 %w.

no phase separation at 25 °C when the concentration

-
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rang'e of 10[err] to 10-2 nole atomof Goup VIII netal per | nol e of

et hyl eni cally unsaturated conpound are used. The 30 anounts of the
partjcipants in the catal yst systemare conveniently sel ected such
t hat per nole atom of G oup VIl nmetal fromO0.5 to 6, preferably
fromlto 2 I bi dentate |igand are used, ar mo0.5to
15, preferab y9‘?’§559:J from1l to 8 noles of anion source 3&"@5§8Hﬁng

ani on 35 source (i.e., conponent b) are used. . WO

97/ 15543 PCT/ EP96/ 04654

- 9- The hydrof ornyl ation cah ¥fe suitably carriedout—at

noderate reaction conditions. Hence tenperatures in the

_ _ 50
to 200 [err]C are recomended, preferred temerHlMHHl{M!@ﬂB@ﬁlim he
range of 70 to 160 [err]C. Reaction 5 pressures in o]
300 bar abs are suitable, but=— nge of 5 to 100 bar abs are
preferred. Lower or higher pressures may be sel ected, but are not

consi der od par {1 Ol iddedill B 48R ByoEGRKG ac IS ccnvieni AIGRSUT °0

require special equipment provis
invention is e%%ﬁ?%%lm%“@@ having apeleasy 4 cﬁa!tl?ﬂé’! Atoms & on of
al cohol s from reaetizt thereof wiltdf icasbsh hbgbxidé eand mhyBfdgetillidi dhe usi ng

a catal yst t e bgve I '
Furthernore t hgr%?%ﬁ%isﬁnsg%giyé%e%ﬁ% %o tﬁﬁﬁg svs proeebg!darlia alb(}ne (ﬁy
al dehyd®s havi RE™AIMIRH: | i nearity, in particular by using a

catal yst syst ea) asa dsdurssl cHo@rdup VIII cabasad; on platinumas Goup VI
metal . b) a source of anions; and.
c) a source of phosphine ligands,
wherein the solvent is a C; to Cjg alkane or alkene
10 having two or more cyano groups attached.
2. A process as claimed in claim 1, wherein the reaction
is carried out in a single-phase liquid medium, followed
by effecting the formation of a multiphase liquid
reaction medium, by cooling the single-phase liquid
1s medium, comprising one phase in which a major part of the
metallic component of the catalyst system is present and
at least one further phase containing a major portion of
the hydroformylated product.
3. A process as claimed in claim 1 or 2, wherein the
20 solvent is selected from dicyanomethane (malononitrile), )
1,2-dicyanoethane (succinonitrile), 1,4-dicyancbutane
(adiponitrile), 1,4-dicyano-2-butene (dihydromuco-
nitrile), 1,5-dicyanopentane (pimelonitrile), 1,6-
dicyanochexane (suberonitrile), and 1,2,4-tricyanobutane.
25 4. A process as claimed in any one of claims 1 to 3,
wherein component (a) of the catalyst system is based on
a palladium or platinum compound.
5. A process as claimed in any one of claims 1 to 4,
wherein component (b) of the catalyst system is derived
30 from an acid having a pKa value of less than 3,



The invention will be illustrated by the non-limting exanpl es, as

descri bed hereinafter. 20 Conpar ative Exanples A and B, and Exanple 1
Three “experinents were carried out usl sul T ol ane
(Conp. A), acetonitrile (Conp. B), an adi ponltrlle (Exanmple 1) as
sol vent. These experinments Hﬂ m 300 M magnetically
stirred aut oYQ9H1IS34 ("Hastel | 08* : at 10PQGRERIPOIIhd 50
bar abs "~ (hydrogen gas/carbon nonoxi de raflo of 2:1 v/v). The

aut ocl ave was charged with 56 g of an internal Cerr]-Cerr]
olefin (40% Cerr], 60% Clerr], ex. SHEFLR3 49 g of 2-ethyl-

hexanol, 0.8 gp’ﬁif%rr,abl%'zlﬁsg[ Ehéﬁ podaf hdde il ath %@B&hs()fso:iQtlon at
sol vent set OUtc# t he bl e. The catal yst was obt ai ned by

conbi ni ng pal | at uﬁ(l |) acetate, diphosphine (90% | someric pure
1,2-bis(1,5-cyd.oo& W@n@phosphcha}mcham)qlalm S, wherein component

trlfluoronethamggukkp@hg @QEQI?QQ E&QEeﬁhiQrdé¥i0éH‘¥rom an aniBR! 8¢ ratio
of 1:1.4:(1.9- 2%}9}&: Tgentr c[l'l . gg reactor was
0.04% by wei ghtPIPREFAS 88ﬁ9en SHLETE, Sartapscy Bridsss

PCT/ EP96/ 04654 halogenated carboxyllc acids or is a complex anion. The

reaction was fojl| oueeghrdkedBalS Clafthed TYR &7Y |dhe of claimdl 1Vib! Wal
conpl ete converal on better t han ﬁ al,cohol yield of

%N .a
around 98% was mEpnent ‘g?/gﬁr'éhﬁc‘t’%t%}%gtpéryﬁﬁ“hléng“& on
i nconpl ete comﬁer@dﬁﬂta&e ligaatidofytibe foxmbk=mvy ends of the acetal type.
Li near klpy Wﬁgﬂpﬁﬁﬁl n and brar]q_-hed in percent) was al so

determ ned b . Ki.netic analysis proyid seudo first.-
y (%iereln represents g b¥vafen£)organ1c bridging group

containing from 1 to 4 atoms in the bridge, Rl and R2
together represent a bivalent substituted or non-
substituted cyclic group whereby the two free valencies

15 are linked to one P atom and R3 and R independently
represent a substituted or non-substituted hydrocarbyl
group, or together represent a bivalent substituted or
non-substituted cyclic group whereby the two free
valencies are linked to the other P atom.

20 8. A process as claimed in claim 7, wherein component
{b) of the catalyst system is based on 1,2-bis(1,4-
cyclooctylenephosphino) ethane, 1,2-bis(1,5-cyclo-
octylenephosphino)ethane and mixtures thereof.

ect Has Been RT
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ofder rate constants. After a reaction pe d of 4 hours,
during which no 10 further hydrogen or pqibon Ay de uasusupM| ],

t He ; si ngl e-phase reaction mxture wab cboleﬂ Gé"anb:enfu MR

temperature. Two |iquid | ayers were forned ih case ** e surfarane and
adi ponitrile were enployed. Palladiumwas._. o _ detected visually in the
sol vent layer. 15 Addi tional details and analytical results are

conpiled in thetgagbﬁsgobh@@bngeBQEﬁﬁﬁBﬁr gt W&ll H?lﬁ#? éﬁﬁ' %pqﬁggatlve

tests invol ved di nethyl sul faoxid
2-pyrrolidone, KbAstRgvezsely affe0$§r¢b5|@@@@omy Of the proceSS-

1, 3-di net hyl - 2- Fﬁk@ﬁéghb@bnOQQac%g oF squgﬁ%E%yet %lﬂfﬁ n the product

di et hyl enegl ycol , nononet hyl et her ene ycoI
trlethyleneglycﬁhasf pegdoppl beegeporyied in a sephmétbg&ﬂmmghud,prov1de an
nmonoet hagol am n (" 0 n | SQl e .an
trlbutylghosphl%ggxpgghngﬁdkggkcgegfs ﬁFgur@%é¥§ standirds LRARHN Rt e
used |n accor dagoatentls olfe s23 furoust eaupiougdsf. WBSEH(EHEﬁéfdﬁéheé

are ired, since

ercessive coolihanng <o pab S5 AT S GOUT R AN ety
m xtures of 20 %v anl \aénﬂce\/\malnn&& ,Yand] ehalt- olagr Ide @élewmagiaﬁt w:LllhatScé
OO0 e nosh il SRUCauBted BELEalEE ST 20 proge
per f or mdfAce masdestuesehyabowe Tﬂemeve&subh@h is not am*@a%ifﬁﬁsﬁiﬁhs
gLEZ?PEL?eglﬁgF%gS %ﬁ%&tﬁ%gge%hgt (i) bé Coqagfgﬁgéfg f”;géﬂiég
condltlons, (ii) be catalytically inert or promoting;
(iii) be able to dissolve the cétalyst under reaction and
separation conditions, (iv) provide a single phase at
15 - reaction conditions and allow phase separation with lower
| oxo-products (e.g., C7-Cy3 rangé) and/or higher oxo-
products (e.g., C11-C1g range) at separation conditions,
and (v) be thermally and chémicaily'Stable.
In GB-A 2 256.641 there is disclosed a process for
20 preparing aldehydes by hydroformylation of alpha alkenes
having at least 5 carbon atoms in the presence of ‘a
catalyst system compriéing Pd or Pt, -a weakly or non-
coordinating anion and a bidentate phosphorus, arsenic or'
antimony ligand, characterlsed by a defined selectlon of
25 the bidentate ligand. Optionally the process can be
carried out in the preéence of a solvent, which may be a
nitrile such as benzonitrile or acetonitrile. No special
effect is attributed to the solvent.
In US-A 3,627, 843 there is dlsclosed a process for
| 30 preparing butyrlc aldehydes. by hydroformylatlon of
| propene in the presence of a cobalt-carbonyl complexed

with a phosphine, in a reaction medium selected from the

| REPLACEMENT SHEET
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Table Exp. .No. - A B 1 gmol vent
sul f ol ane acetonitrite adiponitrile conc’ '('%@/ O/IvoJ') * 15.4/ 10

116.3/10 4.4/3.5 Conv. 2h. (% 953 ¢ 89'. of dge B2
Activity (Herr]) 1.5 1.1 0.9 Li near vy (%% ..t 778 8
78 76 paraffin (%) 0.7 _ - 0. 6 al dehyde
(%) 0.8 0.9 - 2.5 al cohol (@MD 88 96

8§ gfa;% gﬁgf (%?@[ 36551st1ng of A N- -dialkyl- éé;dgg gfhggggégégsgfﬂ§ﬁ'at

25 [err] C when %eiler y,\lcrwma@n @fid aztkphinittrelés sucheasedctonlt¥wle
and adiponitrile. Dimethyl-formamide is the preferred
reaction medium. The special effect attributed to the

5 reaction medium is promoting the selectiVity of the
hydroformylation reaction towards the product n-butyric
aldehyde, at the expehce of the branched aldéhyde and the
alcohol. Neither-acetonitrile nor adiponitrile were
tested in this reaction. _

' 10. Surprisingly, the inventors have found a class of
compounds that allow phase separation without excessive
cooling or use of large amounts thereof, and that meet
these conditions. Accordingly, a proCess is provided for
the hydroformylation 6f ethylenically unsaturated

15 compounds having at least 4 carbon atoms by.réaction
thereof with carbon monoxide and hydrogen in the presence
of a solvent and a catalyst system obtainable by
combining: _

a) a source of Group VIII metal cations;

20 b) a source of anions; and
c) a source_of phosphine ligands; .
wherein the solvent is a C1 to C1g9 alkane or alkene

having two or more cyano groups attached.
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2 . —

CLALMS 1. A process for the'hyarofornyi'atl.an 'oj‘-o ERERL
et'hyleni cal'ly unsat ur at ed conpounds ‘havi ng at Yeehst's 4 Gat bop -at_-oms
by reaction thereof with carbon nongxide and hydrogen in the

presence of a solvent and a catal yst system obtainable by 5

conbi ni ng:
a) a source of Goup VIII. cations; b) a source. of anions; '

and

c) a source of

phesehi ne |i gands, wherein the solvent is a (err]

to CJerr] alkape_ar_alkene 10 having t Qr _nore cyano_groups
at t ached. Exp. No. A B 1 |
Solvent sﬁlfolane acetonitrile adiponitriie
conc. (%w/%vol) 15.4/10 10.3/10 4.4/3.5 |
Conv. 2h. (%) 95 89 82
Activity (H™1) 1.5 1.1 0.9
Linearity (%) 7T 78 76
|paraffin (%w) 0.7 0.8 0.6
aldehyde (%w) 0.8 0.9 - 2.5
alcohol (%w) 88 196 83
heavy ends (%w) |10 2.4 14
phase separation |+ e +
at 20 °C
at 105 °cC - - -

* no phase separation at 25 °C when the concentration

of acetonitrile is increased to 20 %w.
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2:‘Aproces«s. as Mm claim1, V\,herelnthe reactg ~is carried
out in a single-phase |1 quird medium fol | owai o3 .'-, ef f-ect;,ng the,.

f or mat j.on of a mul reeict |'on ngds i oy Ebel i iy s hes
si'ngl e- phase Imw,"lﬂﬂ?"i nnmﬁtm’”\ conpri si'ng *one phas'e i fautyeh a fﬁajcor _
part of the ' * nent of. the catal yst- systemis present
and at | east one further phase contalnlng a mgj or portion of

D ooyt e BEERREON L enn than 7 a5 AyBERGERY, £5 SLALORY BO1GRILY L

2, wherein th solvent I's se rom-dicyan
(mal ononitrile)l8 °C. 1, 2- di cyanoet hane (succinonitrile),

Cai nyar omicos 8 & procesf s BoBlalind) snoata iy B EBthr Forpopent 6.
di cyanohexane (sbbeoﬁntheitetai?aﬁ &yatéTt15cgenmbedaﬁeom25n anioh ofA f..
rocess as clai ny one.of clains 1 to .3, . Wwherei n conponen
Fa) of the cataﬁﬁ ?5§9§% F%dbagggﬁgﬁ}c ac?d' gubLPPigi amL8S pl ati num
conpound. hangenétedocesBoﬁyltbaaﬁEdsIBramﬁ aneofiplekabiBoh.t 0 4,

wherei n conmponent (p)_of the cata ystemis deriyed_30 from an
aci d having a pKa val & %P 33 ?L%H“%g in any one of claimg,df EPaffiry | ess

than 2 as neasuwhdreﬂnaqumpUﬁeﬁﬁ|wé)Oﬁfathe catalyég B?étkﬁ is baﬁed(%n

rocess as cl ai er co onent (b) of t
Eat al yst systen?mglﬂ%?ﬁﬁgﬁn}h?gﬂ?mg gnT’Bﬁ rmyla phosphori ¢ acid, |
sul furitoaci d, sul fRAREPaR+PRIRY hal oggnat ed carboxylic acids or is a

ani on. 7. rocess as. clainmed in any one of clains 1 to 6,
conpl ex whereln R repgesents a bivalent organ%c bridging group

containing from 1 to 4 atoms in the bridge, Rl and RZ

together represent a bivalent substituted or non-
substituted cyclic group whereby the two free valencies

15 -are linked to one P atom and R3 and R4 independently'
represent a substituted or non-substituted hydrocarbyl
group, or together represent a bivalent substituted or
non-substituted cyclic group whereby the two free
valencies are linked to the other P atom.

20 8. A process as claimed in claim 7, wherein component
(c) of the catalyst system is based on 1,2- bls(l 4-
cyclooctylenephosphlno)ethane,_1 2-bis(1,5- cyclo—

octylenephosphino)ethane and mixtures thereof
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wher ei n conmponent (c) of the catalyst systemis based on 3§ $ _
r ‘Q{[q'r]

bi dentate ligand of the formila 10 Rlerr]Rerr] P-R- R

(1) wherein R represents a bival ent organic bridging grinuip ‘s w?‘ﬁ‘ﬂ
containing from1l to 4 atons in the bridge, Rl and R2 t oget her
represent a bival ent substituted or non- substituted cyf®de group
whereby the two {r val encies 15 are linked to one P at i@ R3 and
R4 |ndependentl rep?’@%‘@r‘ﬁ’%ﬁﬂéﬁcﬁmﬁ% subst i

d
hydr ocar by ERNATIONAE AP¥EicATion Shikr p%‘bﬂ&%ﬁaﬁﬁmﬁm@

non- suf ‘
mphwewlmmwml n c| Wenh97/15543

i nked
! o A0 B35, 0 v

wher ei I(ccﬁﬂ?@nﬁ(ﬂo BOIJ31128 (c) of thel a2
oct yi e¢ ghg%gym.?) ShdBARaMd M X piSen: SBfD'sigmted States: AL, AM, AT, AL, AZ, BA, BB,

1,2-bi $(1, 4- cv¥€] oact vl eneph
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{57) Abstract

Accordingly, a process is provided for the hydroformylation of ethylenically unsaturated compounds having at least 4 carbon atoms
by reaction thereof with carbon monoxide and hydrogen in the presence of a solvent and a catalyst system obtainable by combining: a) a
source of Group VIII metal cations; b) a source of anions; and c) a source of phosphine ligands, wherein the solvent is a Ci to Cio alkane
or alkene having two or more cyano groups attached.




