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HYDROFORMYLATI ON PROCESS9%033 9 3 -

The invention relates to a process for the hydr of or nyl ati pn_of’
ethylenlcally unsat ur at ed conpounds by reaction thereof wi tH> car
nonoxi de and hydrogen in the presence of .a catal yst.

The hydrofornyl ation of ethylenically ufisat Tr at ed conpounds to f
al dehydes and/ or al cohols, is of consi derabl e industrial 75 0562

i nportance. The

process has been in conmercial operationTor

decades and over the years much devel opnment work has been done t

optimze the 10

equi pnment. Al though significant progress towards higher

reaction cqubﬁdéaﬁyYﬂyygogabgbﬁggSsysten1and t he

product selectivity has been nade, further i mprovenent of the
process is still negded: vention rel%k ﬁg %%&) 5% 4heng is disclosed a
ere e cata

nmono- 15 car bony ation process

yst system

he@

orm

(0]

yield and

conprises a souﬂrmirwffopaiylladtlmm odt ebhslealsm&melrm‘aturated mp@mmdsand a
bi dent at e di pho ef hydr of o t|n
B 05 R S LS HBe} t, Llnon mong Y S TSI 4o

ol efins, the act|V|ty and
still not entlrEMp:pmgsshaetoEya aatalyst In WO 95/05354 there IS

di scl osed a hydrofo | at i.on . Cess reb t.he cat ystem

conpriseg a source gg% %ydr°f°5W¥%?ﬁh§?g? ?Fﬁ&; iYorid 58, 3“%8%? e of

compounidan thalfbas ama@mydeﬁ S0 e ﬂfcdaidi@)t dtse dfi gands as

defined bel ow and a catahi Eronnter £¥r|5|n iPurce 25 % hal
Bi d (v

ani ons ot her

anions in a nol &P%S3EeF2

of at nobst 3:1.

dgRFohal ptBReFRARCe - The BHosES snde
it dosmehewalt Bakrhbeon for deéﬁdﬁgﬂuﬁa<B%é&th@awe@&slon

acqounts for a considerably enhanced activity and selectivity of

the process to

processig
15

s 20

25

developmeps Wegk:bas DRV SR QP IMiFRe B, t he

reaction conditions, the catalyst system and the
equipment. Although significant progress towards higher
yield and product selectivity has been made, further
improvement of the process is still needed.

In EP-B 0 495 547 there is disclosed a mono-
carbonylation process whereby the catalyst system
comprises a source of palladium cations, a source of
anions, and a bidentate diphosphine as defined below. In
hydroformylating olefins, the activity and selectivity of
this catalyst system is still not entirely satisfactory.

In WO 95/05354 there is disclosed a hydroformylation
process whereby the catalyst system comprises a source of
platinum group metal cations, a source of anions other
than halide anions, a source of bidentate ligands as
defined below and a catalyst promoter comprising a source
of halide anions in a molar ratio halide anion: platinum
group metal cation of at most 3:1. It is shown that the
presence of the halide ion accounts for a considerably
enhanced activity and selectivity of the process towards

the desired alcohol products. However, the process

i de

&0 on



- 2- according to WO 95/05354 al so appears to be exceedingly

sensitive to small variations in halide ion con- centration, the
positive effect of which having a sharp peak at a nolar ratio to
t he «cation of about 0.4:1. In 5 Exanpl es 10-12 of WD 95/05354 tin

chl oride was the pronoter used and water was added to an anount of

0.6 wt% calcul :%ﬁgcrtgfig%d"&ot %crlos9 558 5?@8%8&5@&&5 &e exceedirddMever,

any particular [ e water was no recogni sed and cannot be
deduced from t hiserduiduimentto sall variatienpatnnbsl deniddERNt hat wat er,

when added in an - | t_aof . . o sed, t | of
the reaccfelrbtnran%lx ndpg—'%%nggﬁﬁq?ggi %g@ggﬁuﬁﬂ"%t{%}}?l m tﬂﬁ] alt”'ﬁseﬁaclt;?‘
reacti on m xt ur eperidert tehenaleactriadnoctrdiheonstaon ¢h about 0.4vdk+ilgul ar up

to 3 W% acts astro - pr ter W 15, e | i on.
Accor di ng?l Y, thg':S St ql%n—&%nﬂfgﬁgr glsép%égflogén Chlépld%ﬁ%écsggts or the
hydr of or nyl at i orpxdmetidy heseiCalnldy water wasuadaedr et eah campoundst wi t h car bon

nonoxi de and hydrogen in the presenc f at al yst, system
conprising 20 d. djt*a Wt&d Bpaf"ﬁﬁug?g?gu?)gré?%l r%aacftrlonns;m:”'d-'ur":‘' b)
a source of non-ftdwer AniBNParticular effacsoufcehofwatet aasd roote

bi dentate |igand of the fo

rmul a ,
Rl err] R err] M erf§Fdmer TR [0SO b gpfusgd from fhisdoqREmEns- and
Merr] ijpdependent| yrd epiL5W breph@sphar Ubat water, wiénedddedrimnin mony
atom R represents a bival ent [ gr oup, cont ai ni ng from1l-4
?

bridgin
atons in the briafpunt of more myhan, 0.8yt gF‘F di Al epRhdENt? pri&ent a

substituted Or reaction YNSHRSH %%H?@FhﬁgrQﬁgrQMluﬁiPyﬂy Pimiw©aet hede
represent a 30 bi val ent substituted or unsubstituted cyclic_ group

wheFeby the two feaetici ehigitarrear@denicbg FéaNFéPF]?O%@%F#Q%ﬁrﬂnd in and
R4 independent | ypa(ﬁ@f&?fﬂ lfb Sclbbsst iv}t'%t,egc(e% as a strong co-promoter with
15 the halide anion.
Accordingly, the present invention relates to a
process for the hydroformylation of ethylenically
unsaturated compounds with carbon monoxide and hydrogen
in the presence of a catalyst system comprising
20 a) a source of platinum group metal cations;
b) a source of non-halide anions;

c) a source of at least one bidentate ligand of the

formula
o RIRZ2MIRM2R3RY (1)
- 25 wherein M1 and M2 independently represent a phosphorus,

arsenic or antimony atom, R represents a bivalent
bridging group containing from 1-4 atoms in the bridge,
Rl and R2 independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a

30 bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to M1, and R3
and R4 independently represent a substituted or

unsubstituted hydrocarbyl group, or together represent a




unsubsti tuted hydrocarbyl group, or together represent a

- 3- bi val ent substituted or unsubstituted cyclic group

whereby the two free valencies are |inked to M2; and d) a source of
hal i‘de ani ons chosen fromthe group of chl oride, iodide and brom de
and m xtures thereof, 5 characterrséd-by the additional presence of

water, in an  bivaled¥04Rbsefiti0EE &P%Quk?sﬁ'ft"{eﬁgf&tcﬁe'lé NeJuptal of the

reaction mxture and up to its solubility 'imt und reaction
condi ti ons. whereby tpectupabrge vatempies ana ilorksdvden Miie andl i de

ani ons 10 a)d bhgollyakl BYThAl YO LRL s | ch RS 3 £
Preferably, the gnnuntoof wat er 1's between S : Fé.glm%@§ﬂga§gd on
the total of th&hlezddeenindkdarend bromide and Imixthegw edemeospeci fication
the netats of t ; aj.i,n g e f e& s the tals wi_ith the
at oni ¢ 155 %ﬁla ar&esss BQGLgngmm%g#&ef&ﬁlg%e%e%e a% a?dtjiﬂI ﬁqr‘#%ﬁd 10 an
plati num O theseunpabifadouem dhanpl aé i witAnlsasedref etreedtotal of the
Exanpl es of sui le.metal sQurces,are plat,inumor ... . pal |l adi um
conpounds such ggggg gg %%xggf?aﬁ?%n¥%ﬂ m % igeLubility Jamgt undskthe

acid or sul phonreaatids, cealiisiohs 20 pl ati num or pal |l adi um and

. . . . lati
conpl oxes. o.g. " PPePBraBiy, the nofeialde Pedumen Thet baaeds spions
pal | adi 1on andcehbi pedtwhiil @r@xgda inldam eirns;j( QJe)tSﬁétf‘Selh s 02n 1l Qﬂldeéqlt:n@ngter
or carbon. Palladiup(l]| cetate an ati nun(l I 4 acetyl acetonate
are exanpl es of pre?&?ﬁéﬁa Yalt%%nﬁmé;ﬂt of water is Retmgesn source, ot her

than halide ani gng-3a0ywt%, base&OsPOLHY aNAr A NGl HRIL tABLORS xFRY-eDE

used: Suitably, acids, or salts thereof, are used as source of

ani ons, f or 1BxBHPI B 8R§™ bf SRR Hdaddl afetticonedadboeé, thai ch may 30

al so participatgi1heihlR §abts ffetderiBIAlSs ¥hd Metals withPkakl QUBRIEOUP.
15 numbers 28, 46 and 78, i.e. nickel, palladium and

platinum. Of these, palladium and platinum are preferred.
Examples of suitable metal sources are platinum or
palladium compounds such as salts of palladium and nitric
acid, sulphuric acid or sulphonic acids, salts of
20 platinum or palladium and carboxylic acids with up to
12 carbon atoms, palladium- or platinum complexes, e.g.
with carbon monoxide or acetylacetonate, or palladium
combined with a solid material such as an ion exchanger
or carbon. Palladium(II) acetate and platinum(II)
25 acetylacetonate are examples of preferred metal sources.
As anion source, other than halide anions, any
compound generating these anions may be used. Suitably,
acids, or salts thereof, are used as source of anions,
for example any of the acids mentioned above, which may
30 also participate in the salts of the metals of the
platinum group.
In the catalyst systems of the invention, preferably

strong acids are used as anion source, i.e. acids having



In the catal yst systenms of the invention, preferably strong acids

are used as anion source, i.e. acids having

- - ~a pKa value of less than 3, preferably less than 2,

measured in aqueous solution at 18 [err]C. The anions derived from
these acids are non-coordinating or weakl § ~ _ coordinating with the
metal s of the plAJMIMGRRIRE 18ss than 3, P¥PEéAlbBraradesam yitable

ani ons are ani ons "of . phosphoric acid, sulphuric acid, sulphonic

aci ds and measalrege st adueguborylneiaei @ 58icle -adher Epiepsodestved
aci d. S Nni_G, . aGl a L i , for 10
exanpl e net hanesfurlop 'E)Hrﬁ%%%a& ,%%t (rg?ﬁ égrrlor%%%p a%%gﬁ*ﬁo% g}gg]{le)pl aci d,

t ert - but anesul phordmliactd ngwichuéhesnephdsi ef athel platinum grrhp.

2,4, 6-triinet hyl benzenesul_ghani i.d, . : J Qs e al so
sui t abl el,5 such as tﬁg'p&rﬁagn%xa%ﬁ%s Ofg%HJéF% le%l %@log?%ging%nﬁil on ooga Lew s
aCiCId[ such as BF3jhddphoric Ald@ld,esulphSnkfeacid, S fenid¢ S(Eeds |drfcerr],

Sn err] or Ge

Wi th ic . d, | i
acidr e g, orf et eqatid GeeRrai Poepintp) ppof o e RN 0T o

a?:i dhs:Jch as HF i1, or a com bination of a Lewis acid with an
al cohol . Exanpl es of , such conpl ex anipons are BF[err]-, SnC[err]-,
[Snd [err]. CF[ err] S§WMOpicapgids are inpppgpigular pre%errgd, %‘F

bi dent atg | i gands; Hip fOmBHANEShlphofic 60MRP- triflucroméEidngs WfpHditic
catal yst system Merr] and I\/[err]p are prefer,ablg t he sane qaigij,
more preferably, 3@ B PRESHESIEhapdAsacid, P-toluepginlppi &

'iga“ds are bi sphasphifNes-t d%ethylbenzenkBul PRoRI & dgEN@. group, represented
byeR typically all bridging groups are carbon atons. Preferably

the bri dgi PTG 20SPNS ASSt AdSer ShhFakle noieclhrat drpignions
two, carbon ato _&_ikattlbgd %ﬁ) dg 'omyikﬁ’ti%ﬁegﬁl 8" YeR{ 92 Ld such as B¥4,dging
groups R are CH an [err]-CH err]-CHerr]. 30 The bival ent
(substi &6t ed) cy&lGls,grinBy, SepiCdséRBed, SnCly or GeClp, with a protic
acid, such as a sulphonic acid, e.g. CF3SO3H or CH3SO3H
or a hydrohalogenic acid such as HF of HCl, or a com-
bination of a Lewis acid with an alcohol. Examples of
such complex anions are BF4~, SnCl3~, [SnCl;y.CF3503]~ and
20 PFg~.
In bidentate ligands of formula (I), i.e., compo-
nent c of the catalyst system, Ml and M2 are preferabiy
the same and, more preferably, are both phosphorus atoms,
in which case the ligands are bisphosphines.
25 In the bridging group, represented by R, typically
all bridging groups are carbon atoms. Preferably the
bridging group contains two or three, more preferably
two, carbon atoms in the bridge. Thus, exemplary organic
bridging groups R are CHo-CHy and CHp-CHp-CHj.
30 The bivalent (substituted) cyclic group, represented
by Rl together with RZ, 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



by Rlerr] together with R2, in general conprises at |east 5 ring

atons and preferably contains from6 to 9 ring atons. More
preferably the cyclic group contains 8 ring

-5- atons. Substituents, if any, are usually al kyl groups
having from1 to 4 carbon atonms. As a role,~all ring atons are

carbon atoms, byl sV alseista¥alehes9r 28Ps SONLR) THING, 1006 Rfpst WO
het eroatons in 'téhe rsi ng, such as gg %%’(S/gaern? 1(l)r ni'?yroggﬁl, ér!?omg are not

precl udled.h Ex?rrﬁiaesirxg from 1 tosdi cabbenbabementAz |l eyr clps Hrg
1, 4- cycl ohexyl e -C e - G, ,
W, e, bR o S L alon e

1, 2-cycl o- , 3-cycl boctyl ene, 00C

cycl ooctyl ene, Zamstdiyling, Sneyolrotwbyheherodtémsli imetttyd -rir@, such as

1, 4-cycl goctyl ene and 2, 6-di.nethyl -1, 5-cyc C .

Pref er reg bi val SR LYl i%¢ gr]lr:%%ﬁ ggl’eag%ﬁéc %(%I) éér/%ﬁé]zeecmded' Blifles of
1, 4-cycl ooct yl ermithB-ec pdlvadenyl egeliandroephydre 1, 4-cyqldilesuldstnet,ut ed
derivatives thereof

.1 M xtyres of. |i ds c i Si di fferent
bi val ent l'c@'&ﬁcaoéﬁgc?&ﬁ@eﬁﬁy Eegﬁ%‘d?%%e%%a#nee’. g%rﬁcﬁc{}g}e—s of
ligands with 1,‘bcﬁj&q:e?@qhw,le%y@gdob;:g?édé,}I\Hm-dyélooctylene,cy.lgIBOOCtyI ene

roups. n the |igands r a(l), and R4

igndeBendentIy ré&@s‘é’rﬁtx}%’i%g “ﬁ‘@ﬁg¥§7éﬁfgyﬁyc£§/%?753ene' 56'%%8‘,3’1_
optionahby substj taut8g wWddtQebst bhdent 6-8uebtRgl-1, S-cycdddrglefedups Wi th
1 to 4 carbon atons, hal ogen atons or (Cerr] to (Jerr] alkyl)am no
gr oups. groupscanpl es are al kyl groups such as ethyl, isopropyl, 25

sec-butyl and tert - Bftofe \HRQUBI vat ¥t 08y KYE c 0§ P6BSs SdEd) selected &rom
cyglopentyl and cycl ohexyl groups, aryl groups such as ' phenyl and
C

tol'yl groups and A viEOGYIERS sheR~g¥Chooctylene handmieihehe group.
However, prefera%ﬁﬁséﬁ%sﬁfﬂﬂ%QQEGerivativeﬁﬁEHeE@of?presents a bival ent

cyclic group, in particular
15 Mixtures of ligands comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of
ligands with 1,4-cyclooctylene and ligands with 1,5-
cyclooctylene groups.
In the ligands of formula (I), R3 and R4 may
20 independently represent various non-cyclic or cyclic
groups, optionally substituted with substituents such as
alkoxy groups with 1 to .4 carbon atoms, halogen atoms or
(Cq1 to C4lalkyl)amino groups.
Examples are alkyl groups such as ethyl, isopropyl,
25 sec-butyl and tert-butyl groups, cycloalkyl groups such
as cyclopentyl and cyclohexyl groups, aryl groups such as
phenyl and tolyl groups and bivalent groups such as a
hexamethylene group. However, preferably R3, together
with R4 represents a bivalent cyclic group, in particular
30 the same group as the group represented by Rl together
with R2, in which case the two free valencies of the
bivalent cyclic group are, of course, linked to M2,

instead of Ml. Thus, preferred bidentate ligands of



30 the sane group as the group represented by R err] together

with R2, in which case the two free val encies of the bi val ent
cyclic group are, of course, linked to Merr], i nstead of Merr].
Thus, preferred bidentate |igands of .

- 6- formula (1) are 1,2-bis(1,2-&yclooctyl ene-

phosphi no) et haneq rhud=bi(§1a52CY ¢b09EE Y1 eNCeyclooct yldHa@sphi no) et hane and
m xtures thereof. . For the preparation of the bidentate |igands,
5 r ef er enc®hiosphade) e§hRABwN1 t 2Tk - CY DO t he

met hod di scl ose hb@ ﬁ@'éﬂétﬂgzeggéd mixtures th ¥ quantity in.Mh!Ch Fhe
catal yst systemis seg, 'S not critical and may vary within wde

limts. Usually For thmopmneparatite ofirgee dfidediterte] ligangst, preferably
inthe 1 I f..10Le tp. 10 [ r.0 met al
per nol egof et hflgg%?(?glcfygt%néé%iﬁrg egn%%%%cn@%uee%fdsgg? Skaiple %{g

amount s of the pethiodi dascdosadt he @Bt&t+Ysi2EyHiem are conveniently

sel ected such that [ I fo. s pl.at| g al fromQ.5
to 10, prefoerably fios BBaEeSEI MR which tne RALID & %lﬁ%f“ggtﬁdhgreg’g]slgd,
fromO0.5 to 15, not critipaéfendbhyyfvany lwithih noldes ldimidsi.ossallye or a

conpl ex ani on source. -ghe ar ratio between halide
ani ons and pl at PRgHPLS 10 %gﬁrﬁﬁﬁgﬁe‘?gll%aﬁrih%% S 'prpéifegr)eé Yndt ﬁ%Fe t han
3:1. 11180 rhageebramouit 800i0hal melke adt & so A fuienan igrdulpe mehilvi ty
of the catal yst systemtends to_be, adver selgla af fect ed, resumabl y

because of coor 8€FafPof 8EcGFRYHERbER g nunsaturatesh qompoynd; Adfen 4Sede

noi eties. The amoBh€kebabile poLLI®IBdntAtird s ween 1Rl dgsaemons and

254 pl ati num group netal cations is at nost 2:1, nore pre-

ferably | ess tha%e1CPNVERLePRsYafitteFromh D10R hato pprmole atom of  ag
source of halidgiarians @msugomeandfgﬁﬂeas.aslm 10, prefdidbiqde faions tender

t he reai:gi on cor%ditl ons ma% e used. :
moles of bidentate ligand are used, from 0.5 to 15,
preferably from 1 to 8 moles of anion source or a complex
anion source.
The molar ratio between halide anions and platinum
group metal cations is preferably not more than 3:1. If
20 larger amounts of halide anions are present, the activity
of the catalyst system tends to be adversely affected,
presumably because of coordination occurring between
palladium and halide moieties.
Preferably, the molar ratio between halide anions and
25 platinum group metal cations is at most 2:1, more pre-
ferably less than 1:1, for instance from 0.02:1 to 1:1.
As source of halide anions any compound generating
halide anions under the reaction conditions may be used.
Recommended are inorganic compounds such as hydrogen
30 halides, e.g. HCl, HBr and HI and metal halides, e.g.
NaCl, MgBrs, 2ZnCls, ZnIp, KBr, RbCl, CsCl, CsI, MgI, and
CuCl.



Reconmmended are inorgani c conpounds such as hydrogen 30 hal i des, e.qg.

HC , HBr and H and netal halides, e.g. NaCl, MgBr[err], ZndJerr],
Znl[err], KBr, Rbd, Csd, Csl, Myl[err] and Cud .

-7- - Anot her category of recomrended sources of halide

ani ons consi sts of hal ogen containing orgamnic conpounds whi ch are

capabl e of hrovi il nanBEhpdecaelansy Lo ik ommended REERN oredlbueSul Labl &
are for exanple organic o%p oni um hal i des, such as triaryl al kyl

phosphoni um anionghkonsdetandf hatbegen comta iming aramalicc COPRPERASs such
as 5-hal obenzoi |.ds,..€ hl er ' 14,3l a2 to th

di chl or obenzoi C%gg%h §5e3cgp?§}8| %gﬁgﬁ%ﬁ&%%&%dfzéﬁio}ls © ©

i odobenzoi ¢ aci deamthahophtihahi cSattasl amiresiar £xeple ongRadeof .

Cat al yst_pronoters ¢ L.1.Si ur f g I rein
particular pref g?‘lpésg.%gpuua Hglildgg’l'h%?((:e hay%emnrlolca{aﬁqﬁ‘yal&#&a#&?%?ggaggﬁpound,
used as chllatrtiidegandt bail ageni sopt&ieirablar ana talce faompleawidsg sfucbm 15

2 to 30 carbon ato per. . molecul e, .0r a m xture thereof. . . h may
conpri se one or aﬁogghagﬁBFBszﬁdgbb‘g?’ n'o! %bu#l'ecﬁllorObenzolg’rcefaecrlrdéd-gé?%

i Rt ernal ol efi ngikavorgbbhasid keid4 ZABP®ALri-iodobedizaiir, aaidyi Bt Greld-

t hereof. Such olefin m xtures,are co . _nmercjally readily avail abl e,
for exanple as pPrEIRERZOF 328 m'hg{)?%t&%%%hf%raq (ﬁr%/dg(?ﬁ%ﬁrfati on of

et hyl engg fol | owadrRywf. a doubl e bond isonerization and

di sproportionation reac- tion. In the process of the inventjon,

t hese i nternal Catadyafi RECMALEES | SOMREA IS DS QULTEarP T WQPE&P%I efins

with 6 4012QsCaAKRORNALAVE BETa PObLE Bredr ClOser boiling 25
fractions of such m xtures, can be hydrofornyl ated at hi gh rates

and~an al most conpl &he ebhyéesieallExumpriosrated compoundy ¥isgdedSof | i near
EFE?;?aglggfagls%%r@hﬁbrha95§ihﬂ§1iéngrgferably an |dnedh iHamalefeherr] to
15 2 to 30 carbon atoms per molecule, or a mixture thereof.
They may comprise one or more double bonds per molecule.
Preferred are internal olefins having from 4 to 24 carbon
atoms, or mixtures thereof. Such olefin mixtures are com-
mercially readily available, for example as products of a
20 process for the oligomerization of ethylene, followed by
a double bond isomerization and disproportionation reac-
tion. In the process of the invehtion, these internal
olefins, usually mixtures of linear internal olefins with
6 to 20 carbon atoms per molecule, or closer boiling
25 fractions of such mixtures, can be hydroformylated at
high rafes and an almost complete conversion. Examples
are mixtures of linear internal Cg to Cg olefins, and of
linear internal Cj1p to Cy14 olefins.
Substituted olefins may also be used, for example
30 unsaturated carboxylic acids, esters of such acids, or

unsaturated esters of carboxylic acids, e.g. allyl-

acetate.



Substituted ol efins may al so be used, for exanple 30 unsat ur at ed

carboxylic acids, esters of such acids, or unsaturated esters of
carboxylic acids, e.g. allyl- acet at e.

-8-: | f desired, branched ol efins such as propene triner

or isoneric butene diners ("D MERSOL" a-t8adenmark) may be used, but
the hydrofornyl atiog ¢pradyct W Lh LogLq é’{efins uch® &Y ?)%o %%%t gy} rtanched
structures as well. ™5 g ?so, ol &t5rir'cald y unsa Ur At e polymeric

f eedst ock, or iswmeras ataehbcdpméysl 1DIMERINE 'sShirealegarkt sayr beof

ol i goners of Cl6-alefins),."NAPYl S: and, "HYVl " de-. ks for
| ow nol ecul ar V\élisg?ﬁjt’ %8%5%18?@?3}/{ gﬁ%%n%%%tlon %ré&%ctaty?&%el Bcllj‘teéldi ?‘Jge
(bl ock) copol ynersurag ,beocatnter bednchéd dOructurasmtasr estlilng al cohol s (as

intermediates to syngthetic o ubricants,, functional.iz ddi tives,
ety s ALRH| S1efiphaabidrmedt bl gl Hsd e ine.
and ﬂi ol efins, such as atakaipagbtpeleflinyclDpentSidibeies' (mixture of
1, 5- hexadi ene and .1, 7- oct adi gne be used. The di- 15 olefins will
of course vyi el doa&rgc%‘&ﬁisng t 9:}6'5'%#%“5) ’ %AP‘%% (ﬂ“BjrlnﬁYéltIes‘d p&& C,

al though al so naREKRY#o2- 1ow molechDaAVked g6l YL PissditE@ne) and

Hydr ogen and car bon nonoxi de may be_supplied in equi nol ar or,

non- equi nol ar r &tiydenesbytapgiene, 4p1ock PP YERrs may he Cyersedsiptey

1:4, typpcally 4ntetr@stidg B1ebBE2B! Yas intermddigt ey & csWpitRE N a ratio
within the range of 3:1 to 12, o The hydrof ornyl ati on
can be suitabl y ledrdicagtsut fupctionalizegdriditel ¥o%uct§thr Joondi ti ons. Hence

tenperatures in thepdnaiyy, L2PHS-8iePlni o 0% Gane JREHTRAGE S ropeler I ed
t eqper - atures being 1h the range of 70 to 160 [err]C. Reaction

preSsures in thendaddelefibsyostod parnarkomadianed dicyclopentagdiensy

hi gher pressurea,%&%eggdigkgcgﬁg’1P9L08£§afgﬁe may be used. The di-

15 olefins will of course yield (predominantly) a di-
hydroformylated product, although also mono-hydro-
formylated may be formed.

Hydrogen and carbon monoxide may be supplied in
equimolar or non-equimolar ratios, e.g. in a ratio within

20 the range of 8:1 to 1:4, typically 4:1 to 1:2. Preferably
they are supplied in a ratio within the range of 3:1 to
1:2. _

The hydroformylation can be suitably carried out at
moderate reaction conditions. Hence temperatures in the

25 range of 50 to 200 °C are recommended, preferred temper-
atures being in the range of 70 to 160 °C. Reaction
pressures in the range of 5 to 100 bar are preferred,
lower or higher pressures may be selected, but are not
considered particularly advantageous. Moreover, higher

30 pressures require special equipment provisions.

In the process of the invention, the ethylenically
unsaturated starting material and the formed hydro-

formylation product may act as reaction diluent. Hence,



considered particularly advantageous. Moreover, higher 30 pressures

regui re speci al equi pnent provisions. In the process of the
ifnvention, the ethylenically. unsaturated starting material and the
forned hydro- formyl ati on product may act as reaction diluent.
Hence, -9 - -9- the use of a
separate sol vent|s Jlal JIPGeS8htate splvenfOlySmbeMddesdiipver, (e

hydr of or myl ati on reacti on nay Be'Carried out in the additional

presence of a sdorerniently, homeveuehtheahvdnefermykhtoicen mestiony may

paraffins and 5 i.s0al kanes _are r ; r ol s,
preferably havi rPge f5%om™ 48uf0§€aF§8ng§§gpn§8%§? ﬁ%?%%ﬁéew P S%lq}egﬁ'};'h as
but anol , et hyl hessamaichl, sadmamdledl hydrocargener aé.g. paraffigrammnde

al cohol s_forned as dr of ornyl ati on prqdyct er C S

2,5, 8-t r Poxanonandy a@efné‘)% &F&f’%{}‘?‘e‘?ﬁgrg% furthen lgeniazlo cs(;h,(ﬁas(rjlfd

ket ones, such aprefidndbiy Wakdnhagnérom 4 to 10 catboraatoms dgemmufleranleati on
processes, such as .the proce according to EP-A-0,495 547 1t use
of an al b 12 S PSPt e&éé’igﬁf‘éﬂoio%s?’aﬁ%’b‘%n esTT vt eg,éneﬁﬁ
since the used hydmef ey laidonrleatakrstisavengdadsoriplation qatadydtical |y
active in the formation of esters in a, reaction invol vi a

ol efin, carbon MMBEHSUEH atshé"5's'trl°_§6P9Eﬁfea?@’owme)l-bvéﬁf’et}qg'lt%er

cat al ysgpsystensf ddi®ole, and Re@s8BE, | BMEAt A9Mméthylwwe Pikddwid. hi gh

selectivity towards the desired hydrofornylation product, allow the
20 use of al coHdl $agdigsl peroformylation PrafeRsRy coHithid d'Strong
pol ar groups ar &idtess accorhly ¢yl ap-pref eppedatf the whsaipirat ed _
starting materi al has a relatively | ow nol ecular weight, i.e., if
et hyl eni cal |y urslaarel &f EodpyehtdyaRaeihgnf FeRpbdepedsundesirablehon at ons
are used. - Qe QLivh ati BR et ghes wotecaui gy wei ght
unsat ur at ed corrpsolunncd%,ﬁfeg gutggg Wﬁs ha\gil‘y{ng from 10 tg .

15 catalytically active in the formation of esters in a

reaction involving an olefin, carbon monoxide and the

solvent alcohol. However, the catalyst systems of the

present invention in view of their high selectivity

towards the desired hydroformylation product, allow the
20 use of alcohols as solvent.

Solvents containing strong polar groups are in
particular preferred if the unsaturated starting material
has a relatively low molecular weight, i.e., if
ethylenically unsaturated compounds having from 5 to

25 7 carbon atoms are used.

For the hydroformylation of higher molecular weight
unsaturated compounds, e.g. olefins having from 10 to
18 carbon atoms the use of less polar inert solvents will
usually be satisfactory.

30 Solvents, comprising or substantially consisting of
sulphones are preferred. Sulphones are in particular
preferred, for example dialkylsulphones such as

dimethylsulphone and diethylsulphone and cyclic



18 carbon atons the use of |ess polar inert solvents wll usual I'y

be satisfactory. 30 Sol vents, conprising or substantially

consi sting of sul phones are preferred. Sul phones are in particular
preferred, for exanple dialkyl sul phones such as . dimet hyl sul phone
and di et hyl sul phone and cyclic - 10 - -10-

sul phones, such a%1 Léﬂlnfeol a%%c%t rgﬂx?ég%ggo@g@a@y Ii/jlospu}}efnﬁdlé)xé de),

sul fol ene, 2- met Ty "ane an arfe

Sul f ol ane has prdl\oeddec) bsv&fmisheefﬂembthglsmlﬂelﬂnes and 2-fmethyie-4-
formation of asr%'u phs I uid reaction nmedium M xt ures of
sol vents may al ' exanple a m xture of a sul phone with
a protic solvent, Slmﬂfaﬂam has provaacabolbe 4 Mmade etwccﬁnorendodmm of

ol efins, _typica which is identical.

similar B0 an 10’3°y Vhe, fosmatian 80 & RBACLRITRS MO Goat b metiatly on.

The ampunt of sol veixttaires we@ounehhe ﬂéQCSE§on>e used, fdheamgErd izon
may vary considerably. It is wthi hJOOf t hose skilled in

the art to estaBHiXiiLe Hach SUlphone &’é§€ ?h@raEb?e% Yool SHY &t athe
opti mal amount Qfiddhol. IrS@n¢emlydreddiri@datobntbe épsfmBid Orl:yiﬁlcﬂally an

mul ti phase |iquid reacti on nedium The experinental results

provi ded alnghalndfs selegtedarBdchndpchfevel ¢t Phes diokatt it an

sol vent j gpr ef er ébﬁdll%%‘GE%ilned 1n the hydPEEPFRGESSI O tdiediention is
em nently suitable to 20 be used for t% preparation of alcohols from
i nt ernal ol henamgunyi gif sgleentntpabe| @%ﬁ%rllbythﬁlm‘@%%%t%ﬁ yst
system as def i ned, AW, didzeda e | adhdTuesabhg. 1t is wilid uym group
nmet al: . urthernore the process 1s very useful for the 25

pr é“ﬁ'ar ation of atehtlydds thosengkd lheghini abarary, tonestablish gy tgagh ar by
using a CatalyStc§§@H€ﬂEEH§d¥g' %%dc%BQXEg and the optimal amount of

15 solvent required for the formation of a multiphase liquid
reaction medium. The experimental results provided
hereinafter, are also indicative for the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable to

20 be used for the préparation of alcohols from internal

- olefins at high rate, in particular by using a catalyst
system as defined above, based on palladium as the
platinum group metal.

Furthermore the process is very useful for the

25 preparation of aldehydes having a high linearity, in
particular by using a catalyst system as defined above,
based on platinum as platinum group metal.

The invention will be illustrated by the following

examples. The abbreviations have the following meanings:

30 BCPE = 1,2-bis{l,4-cyclooctylenephosphino)ethane
TFSA = trifluoromethanesulphonic acid
EH = 2-ethylhexan-1-o0l



based on platinumas platinumgroup netal. The invention w ||

be illustrated by the foll ow ng exanpl es. The abbrevi ati ons have
t-he foll owi ng nmeani ngs: 30 BCPE =

1, 2--bi s(1, 4-cycl ooct yl enephosphi no) et hane TFSA =
trifluoronethanesul phonic acid - 11 EH = 2-et hyl hexan-1 - ol

Exanpl es E 1kQ the Exanples, the hydrofornylation of an
Cerr]/Cerr] —EEEB——U1ef|n m xture, isonerised to equilibrium(i.

mai nly |nteﬁnathE|ﬁsamprSflhE? hY¢I¢fQ%inﬁthﬂNN9ﬁ(m@ @nd/Caz
hydrogen in the Jresen Pd/ i on and
varyi ng annuntsog ﬁ]%ﬁf&érgﬁdg g§£¥¥;£§¥¥émg&ﬂfﬁabﬁﬁunl & by an%

sanpl es by Gas Gmtemawdgilapegsr(&Cgfins), with caﬁhonlmpmgxidﬁ atnige react|on
(the duration o ich . depends on.th alytic
systen ?he 10 %yggoggpeépiGPprfgs?ﬂ%eCﬂE E%éiﬁ ﬁﬁfﬁ% a%%b§%%i was

>98 mol % the |icompoisiyioh the ahﬁpthSammummgxnf\Mhﬂorlde and/ watrelrYowarsd

t he amounts of ffins produced,| ess t nol@bln all c S.
The differences 8&3@@8& P&eapggMngga?%m?ﬂ'?rﬁyjﬁﬁs TONAYRFAP DY, é%%?'
expressed by the fi nst thedendr ecthenré&t€ion (the dnxuﬁxuﬂ df. whdsthm ng
that the conversjon of ol ef]

al cohol of first b th
the ol efin and @ggends on thﬁtaFt%?H}Y ?f|EP%»&ﬁ§ﬁﬁ¥ D&Y ST % g&ﬁ o O

and 10 cal gehatedvie laateheocﬂ;a:twnap@&wﬁlé&gﬂpxdmtf%@la 20
-(1/[Pd]). In{(100-X)7t} wher ei n is the nol amount of Pd

used X the mol %38f mol%, theoﬂéﬁ?ﬂréBhv%?t%kPzﬁﬁthQ4ﬁaHQQQ¥QQ? MGSr s.
Exanple 1 (NaQ ABd 519 hndHkger hbanPs boMSraffins produc¥l @R it Wwas

carried out in a 300 nml stirred 25 bat ch autocl ave. The autocl ave was
charged with 7716804% in all capepr]/Clerr] isomerised olefin, 64.47 m EH,
and 0.81 m The differences between the results are in the

15 activity, as expressed by the first-order reaction rate

constant k. Assuming that the conversion of olefin to

alcohol is of first order in both the olefin and the

metal (Pd), k is expressed per hour per mol Pd and

calculated for batch operation according to the formula
20 k = -(1/[Pd]) -1n{ (100-X)/t}

wherein [Pd] is the mol amount of Pd used, X the mol% of

olefin converted and t the time in hours. |

Example 1 (NaCl/Pd = 0.1; Hp0 = 0.6 wt%)

An experiment was carried out in a 300 ml stirred

25 batch autoclave. The autoclave was charged with 77.68 ml '
C11/C12 isomerised olefin, 64.47 ml EH, and 0.81 ml
water. After being flushed the autoclave was pressurised
with hydrogen and carbon monoxide in a molar ratio of 2:1
to a pressure of 5000 kPa and heated to 105 °C. The

30 catalyst solution (0.475 mmol palladium(II)acetate,

0.665 mmol BCPE, 0.0475 mmol NaCl, and 1.09 mmol TFSA
dissolved in 16.4 ml sulfolane) was added to the content

of the autoclave.



water. After being flushed the autoclave was pressurised W th

hydrrogen and carbon nonoxide in a nolar ratio of 2:1 to a pressure

of 5000 kPa and heated to 105 [err]C. The 30 catal yst solution (0.475

mrol- pal | adi un(11) acet at e, 0. 665 mmol BCPE, 0.0475 mmol Nad, and

1.09 mmol TFSA di ssolved in 16.4 3 -sul fol ane) was added to the

cont ent I -
k = 950

12 - Re actf%%ﬁ}a#%%%o%éggﬁ?nﬁ = Exanple 2 (NaC /Pd =

0.3; Herr]O = Exammly 2 (NaCl/Pd = Qn3EX@E®IﬁEQlt6V\ﬂS%_C61HI ed out

substantially as InAn experlﬁéﬁgp&?FOCa¥%%£Htéﬁ%c@Jﬁ§ﬁ§ﬂ%%%g&%ﬂ 1H43 mol

NaCl was 5 ed. nra const ant
Exanmpl e 3 (NadCl /El%mpl(é. g, Michr k@De=dDf6eveBfe that 0.143 migpled|esili mast was

carried put substantially as in Exanple 1, with the difference that
0.38 moP Nad WE§Cr0 used. Reaction rate constant k = 650
Exanpl e 4 (NaC Rédcti®n3rafeecoh®rant. & w2800 An experinment was
carried out substantlally as i _ _Exapple 1, _with the difference that
2.16 m water a ( and- 2¥he sol ution consi st ed
KI]; a g 00.552 m:Angggkagumabltl %géebaﬁﬁli@m&ltﬁﬂbM1&l@75m
an Mo i.ssol ved i su React|on

rate constant kExappje 1, with E?&nﬂFg SI?R%%17¢%tJ?dﬂ£§m9%(ﬂ%ﬁkD

w % 2010 ug¥y experinment was carried out substantially as in
Example 4, with the difference that 0.108 pnol NaCl was used.

Reaction rate cdyaciriork ratgogonstant k £x&pPle 6 (NaC/Pd = 0.7; Herr]O =
1.6 9% 25 Examp 1 EXRECL7RAL =Was3cagsbed pus wipstantially as in

)

An experiment was carried out substantially as in
Example 1, with the difference that 2.16 ml water was
15 applied and that the catalyst solution consisted of
0.25 mmol palladium(II)acetate, 0.3 mmol BCPE, 0.075 mmol
NaCl, and 0.575 mmol TFSA dissolved in 16.4 ml sulfolane.
Reaction rate constant k = 2200
Exaﬁple 5 (NaCl/Pd = 0.43; HoO = 1.6 wt%)

20 An experiment was carried out substantially as in
Example 4, with the difference that 0.108 mmol NaCl was
used. '

Reaction rate constant k = 3200

Example 6 (NaCl/Pd = 0.7; HoO = 1.6 wt¥%)

25 An experiment was carried out substantially as in
Example 4, with the difference that 0.175 mmol NaCl was
used.

Reaction rate constant k = 2600
Example 7 (NaCl/Pd = 0.3; HpO = 2.4 wt¥%)

30 An experiment was carried out substantially as in
Example 1, with the difference that 0.143 mmol NaCl and
3.24 ml water was used.

Reaction rate constant k = 3500



Iéxarrpl e 4, wth the difference that 0.175 mvol NaC was used.

Reaction rate constant k = 2600 Exanple 7 (NaC/Pd = 0.3; Herr]O =

2.4 w9 30 An experinment was carried out substantially as in

Exanple 1, with the difference that 0.143 nmol Nad and 3.24 nm

wat er was used. Reaction rate cordstant k = 3500

- 13 - Bamhe & (Naeh/Bd = 8.55; 6Ll £ &) WA An
Tl

experiment was Exanmple 1, with the
difference that 0.28h ewperimehtawds carried w4 sHbsandrialdy @sedn 5

Reaction rate C%@;%En%ﬂte ;h:éﬂ)%%iﬂoghe %ii ffergﬁ(@gptlkgatgu(% "\%ﬁbéﬁgrﬁ:ib%cﬁ;/ a'flloe_r rjo

= 2.4 MY eriment was carrie as in
Example 1, with3.Rkd ohlf waterceashated.38 mMmvol NaC and 3.24 m
wat er was used. 10 . . React i.gn onst k = 3300 These
Exanpl esgand t h&SPSTESH trg%érg gﬁlrjtngréﬁi geﬁl i%mo the foll owi ng Tabl e.
Tabl e Efaxamipd eNG. (NaClL/Pd = 0.8f eisd G M Howts) Reacti on
Eate Constag?Bk An 6g€erime%t was caﬁﬁg%& out subé%é%?ially as iq0_8950
0.6 ExaffpQe 1, with the défference t¥a8 0.38 mmdl &aCl and
2200 % 0. 43 d 1.6 3200 6
0.7 1.6 3.24 ml water,ygg§ used.

10 Reaction rate constant k = 3300

These Examples and their results are summarised in

the following Table.

~ Table
Example No. NaCl/Pd HoO, wt% Reaction
rate constant k

1 0.1 0.6 950

0.3 0.6 2200
3 0.8 0.6 650
4 0.3 1.6 2200
5 0.43 1.6 3200
6 0.7 1.6 2600
7 0.3 4 3500
8 0.55 .4 4100
9 0.8 4 3300

From these results it may be concluded, that the
addition of water above 0.6 wt% enhances the activity-
15 promoting effect of the halide. The halide/metal molar
ratio at which maximum activity is observed is raised as

well.



&

7 3500 8 0. 55

2.4° 4100 0.8 2.4

3300 se resul ts it may be concluded, that the
addi-tion o,“m ai %ﬁwm wt % enhances the activity- 15 pronot i ng

ef fect - of al i de/ met al “nmBHar rati o at which maxi nrum
activity is observed is raised as wel | . TS 0562

TS 0562 CLAI MS :

process for the hydroformnylation of ethylenically unsat ur at ed
conpounds with carbon nonoxi de and hydsoged 1 v s in the presence of a
catal yst system corrprl si ng a) @ sourceof platinum group netal
cations; 5 a source of non-halide anions; c) a source of

at |east one b'qenéﬁ[gghfgggdf?iq%ﬁ%lhydiqgorﬁ§¥ggﬂdﬁ of ethy ﬁfnlcflle

R[err]R[err]Iv[err] err wherein
Merr] independenshyurepedsentipauptssphit usariddn monoxddsering dvydawgiemony

oo e eE Tt e b b ey o7, g calb{ BRI (1o 14

substituted or a) a soupsebsfipliaeihninydyrmey mdtar aarioors it oget her

represeng a b) abis\églrggto rtl)g}llltlaieéie anluonsubstltut ed cyclic group

c) a source of at least one bidentate ligand of the
formula
| RIR2MIRMZR3RY (1) |
~/ wherein M1 and M2 independently represent a phosphorus,

10 arsenic or antimony atom, R represents a bivalent
bridging group containing from 1-4 atoms in the bridge,
Rl and RZ independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a
bivalent substituted or unsubstituted cyclic group

15 whereby the two free valencies are linked to Ml, and R3
and R4 independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a
bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to M2/ and

20 d) a source of halide anions éhosen from the group of
chloride,.iodide and bromide and mixtures thereof,
characterised by the additional presence of water, in an
amount of more than 0.6 wt% based on the total of the
reaction mixture and up to its solubility limit under the

25 reaction conditions.
2. A process according to claim 1, characterised in that
the molar ratio between the halide anions and the

platinum group metal cations is between 0.02:1 and 3:1.



15 wherehy the two free—vatencies are linked to Merr], and R err]
and 'R4 i ndependently represent a substituted or unsubsti tuted

hydr ocar byl gr mu} m ; represent a bi val ent substituted or
unsubsti t ut ed ﬂm“l ‘ IHE s"ﬁ!“ whereby the two free val encies are
linked to Merr]* &nd-20° d) 7 a sourde of halide anions chosen fromthe

group of . 3.Ch|}\0§%§§esgogkg8r§m b{cgméf'fjfin‘?ridcm )Qt,urc%%ltat&'é%qfsed in
characterised by the I'tirona presecr{lce of water, 1n an anount of
more than 0.6 wt¥altasédisnat Beuroeabfopathedium or pladdgnimoeatibergr-e and up
toits solubility Iim¢t under _th 5 ctio it ] ons. 2. A
process accordi ﬁlg t%‘ glrglcr%g% a%ﬁ%éﬁl%r?%egcf‘?fn&i%a%tfc%%lgs Ilt r?é nolar ratio
bet ween t he hal ictha raritens seddihhehat b) ispd attrmmg grah hestialg @atpkens i s

bet ween 0.02:1 ﬁng 3: :rl? 3. A process according to claiml1
or 2, characteri*§e®%in- that a) is a source of palladiumor platinum
cations. 5.4. AAppbeeessaaceed th@otd carmnyorone Hfcldiaisd -%-,3,

characterised in_that b) ;is a,strong acid hayvj a pKa 5 el ow 3.

5. A process ac&@@&iaﬁéeF&sﬁﬂlenégag that %ﬁ%ta@e allgaé‘rﬁjaroaggt erised in
that in the bi depfirafueal i(gandosh of M1 and am?rudfe (Jhodpdruy aAvier lisand
Merr] are phosphorus and R.is CH2-CH2 or CH err]-CH err]-CHerr].
10 6. A plbes§¥izaleofHrngtiesCiay one of clains 1-5,

charact epi sed i that practBe BLdeptighg tédad e of clainsorims,a (1) each
of the bivalent cyclic groups, represented by Rlerr] together with

R2 and R3 toget lsdargictigrised in Rhateipebhe eidentatey ldaanshiadyl ene group
According to any GRa1er (I arheny SETen¥ Pivalah LA aroune fathe
hal Tde ani on i s repaielsenitéd. by R' toggther pribeleskR’ anbrRfl fpass-hasy witd of
claims 1-7, R4 respectively, is a cycloalkylene group having from 6
15 to 9, preferably 8, ring atoms.
7. A process according to any one of claims 1-6,
characterised in that the halide anion is a chloride.
8. A process according to any one of claims 1-7,
characterised in that the amount of water is between

20 0.7-3.0 wt%, based on the total of the reaction mixture.

C37/TS0562FF



characterised in that the anount of water is between 20 0.7-3.0 vt %
baseéd on-the total of the reaction m xture.
C37/ TSO0562FF
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ABSTRACT

HYDROFORMYLATION PROCESS

A process for the hydroformylation of ethylenically
unsaturated compounds with carbon monoxide and hydrogen
in the presence of a catalyst system comprising
a) a source of platinum group metal cations;

b} a source of non-halide anions;
c) a source of at least one bidentate ligand of the
formula

RIRZMIRMZR3R4  (I)
wherein M1 and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent
bridging group containing from 1-4 atoms in the bridge,
Rl and R2 independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a
bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to M1, and R3
and R4 independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a
bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to M2/ and
d) a source of halide anions chosen from the group of
chloride, iodide and bromide and mixtures thereof,
characterised by the additional presence of water, in an
amount of more than 0.6 wt% based on the total of the
reaction mixture and up to its solubility limit under the

reaction conditions.

C37/TS0562FF



