WO 01/28972 PCT/ EP00/ 10427 PROCESS FOR THE CARBONYLATI @y

ACETYL¥Q I8 UNSATURATED COVPOUND The i nvention is relateg to a process
for the carbonylation of an acetylenically unsaturated conpound by
reaction with.carbon nonoxi de and a-co-reactant in the presence of a

catal yst syst empesedsOroR)THE TARBONYAIATIGN abF M ad i) YEEeR ey of ani ons
and (c) a di phosphine. The invention.is eZPeC|aIIg directed to a process
in which linear carbonylatlon vely prepared. In view
of the fact that for a nunber of outlets the 10 availability of |inear,
rat her than branched carbonyl at ed roducts would be desirable, e.g. in the
preparation of ERfpbREMRELIGR HetkepdRrhedcbRpBsPEPERSS EPFoERS have been
made -t o 'an@@ﬁ@bﬁ?ﬁa@f&ﬁcéfVéﬁ¥a&é£9léﬁ§€§§l t AnkbRE2E teBAEBRARYLAKI ON
products. WO A-9421585 describes a process, g wherein use is nade of a
catal yst sysk¥nreageionnwiphacanpap EOEP§$ﬁés§ﬁﬁné Fpgéﬁécéﬁatalaoﬁhee of
ani ons ron % e af (Lhi S,¢l S that

t he act|V|t$b£§éé%?§ %gtg 52?£% §¥en?%§é@o§§§%§ OB (% %e?%%gﬁﬁ ? e order
of 2@ to 200phatEnwnpdilel Pesopbceppé Pnipas Bodr (fccbr aadepypepblas

react ant C g ' a Iyt from

VO A- 9720803‘%%\ %’Z?%%ﬁ%ﬁt}%ngggggiﬁﬁg Li?[’Q“I’scg(éhczﬁ’ 5 b%l?%)g(ygénand t-butyl
al cohol is destchbiinegsirngazbopulatyen pygﬂentsoasessehgccﬁvely

1,2-P, P - b|s§? QQ? ?habl .25 cycl ononyl )ethane as the |igand,

platinun(ll yI~- acetonate)2 as the platinum source, nethane

sul phonic acid &s tvhewaofobhsofiace, tba€tl 2oand ﬁuﬁb&rtbf-ouamenanEheA

dis vant age oce L s that S resen in o rto
s an satebt ARELEEE BT HRaRE  S3EUBFeERRY: BaRFREd, CathPR BRSS! ' oy
preferred bepEUGECEbleoﬁmdebeFﬁesBe&blaepéagedlhlthblptbphratiéﬁlailllllll

WO 01728972 PCﬂégﬁggééoé 7detergent compositions, efforts have been

made to increase the selectivity with respect to linear
carbonylation products. WO-A-9421585 describes a process,
15 wherein use is made of a catalyst system based on
platinum, a biéphosphine iigand and a souice of anions,
typically a strong acid. A disadvantage of this process
~ is that the activity of this catalyst system is somewhat
low, being in the order of 20 to 200 mole product per
20 mole Pt per hour for acetylene as reactant.
' A process having a higher catalyst activity is known
from WO-A-9720803. A carbonylation of ethylene with
carbon monoxide and t-butyl alcohol is described using a
_ catalyst system con51st1ng of 1,2-P, P’—bls(9—phosphab1—
25 ' cyclononyl)ethane as the llgand platlnum(II)(acetyl—.'
| acetonate)2 as the platinum source, methane sulphonic

acid as the anion source, SnCly and 2,5,8-tri-oxanonane.
A disadvantage of this process is that SnCl; has to

be present in order to achieve an acceptable activity and

30 selectivity. The use of SnCly is not preferred because
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.2 when performng this process in a continuous manner SnCl2 w | be | ost

due to @dlFalpgbusi s- This is not desirable because new SpgdrEppeacd29 be
added and the tin al koxyde formed wild have to be discharged resulting in

obvious 5 environnmental problens. Furthernore when tin al koxyde is renpoved
fromthe proekes bgrfreamingf thipupgecadai tinoralcomtairaloifd mindebeshess . |t
Is therefore hi h]y desirable to_performsuch a carbonylation process in

t he absence B% % LAFbr fHE EBnﬁéEﬁH@lwsRé -SHbiE iF) ngd AlSTiosiBe

descri bes thBeéaﬁBenMéat 5A019f hREORYNGe w&%&@@%ﬂ@tﬁ%%wﬁy&a
catal yst systemconsisting of palladium (ll) acetat

bi sphenyl ( 2- pgrindsi| yphbsphvaetoahd e sleaaesyelcf cmasmlaﬁmb ih dsedvaat age of

this process hos i gand i consune |n the 15
pr ocegs by ° qﬁgifégﬁ%z rﬁ@og%gw ? g}i’&r&] ‘"'?5’@ KOX¥RILES. A
further di saﬂemmragefnbmt bhe process biys michaals fﬁBTaJ )pu&r Cahﬁﬁt@i&?evpts are

formed. WO-A-9842717 descrijb rbon t|on of ethene with carbon
nonoxi de and® ﬁg?%XﬁBI fﬁf h E?ﬁgenig 9£§<9£%ﬂﬁkﬂh¥%/ &Hh B3NS st i ng

2f3pLaLIngn}tblEetﬁﬁemybu826§O?Q%Bbﬁygﬁtlon process in the absence of
| - di etrane
6,9,10-tr|0x§%$ 6@?5?% 3°?mﬁ?§andé&§ﬁ)§PG&£ne and nethanesulphonlc aci d.

The blication e t et yl nica unsat ur at ed
corrpggnds can beﬁlgSﬁcg?%%%%/? %‘8%8555%% g&%h ércé’tngl t* &Y e RT A& Dbj ect

of the presewithnyenandnmethanplovessgf er catthd ysar lmyrsy:leat i if staiaef y| ene

to linear prgdu ch o] : rfor | absence, of
SnCl2. Such gg %%%%%égbﬁs(ﬁggcggg a SéIoWS%EFgg& fﬁ&rﬁéiih? R]ion
30 of an aceayﬁemethhhysuhﬁanucaaeddcozxpduaddlv)anlte@@t io@n tilitdh paaydeds
nonoxi de and a gﬁ?£e§ﬁt ant_in 85]686 ce of, ,a catal yst, system based on

(a) a source™df atlnun?o?%)p 353 PEe1dP3RE ifs CORFY A% fosphi ne of
t he 15IIomnngroéessub§ ThusrteerizhasoBeenfRepel a6gdndViiith the

acrylate product. A further disadvantage of this process
is that mostly branched products are formed.
WO~-A-9842717 describes the carbonylation of ethene
with carbon monoxide and methanol in the presence of a
20 catalyst system consisting of platinum (II) (acetyl-
acetonate) 2, 1,3—P,P’-di(2—phospha—l,3,5,7—tetramethyl—'
6,9,10~trioxatricyclo[3.3.1.1{3.7}decyl)propane and
methanesulphonic acid. The publication does not disclose
that acetylenically unsaturated compounds can be
25 carbonylated using such a catalyst system.
The object of the present invention is a process for
the carbonylation of acetylene to linear products, which

process can be performed in the absence of SnClp. Such a

process is described below. Process for the carbonylation
30 of an acetylenically unsaturated compound by reaction

with carbon monoxide and a co-reactant in the presence of

a catalyst system based on (a) a source of platinum; (b)

a source of anions and (c) a diphosphine of the following

formula ——
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LErrer e 111111 11 WO 01/ 28972 PCT/ EPOO 10427 3 R1>P- R2- PR3R4 (1)
wherei n ‘*ﬁghgsents a coval ent bridging group, Rl reprpspRP®/1@417i val ent
radi cal tt together with the phospjorus atomto. which it is attached is
an optionally 5 substituted 2-phospha-tricyclo[3.3.1.1{3,7}]decyl group or
a derivative gbepepf_pp3phi ch one or nore of the carbon atons arﬁlreplaced
by heteroatons ("2-PA" group), and wherein R3 and R4 independently

repr esent unlvalemhereﬂﬂlﬂalsepteapnts 20cawa&en¢rqnndguhg fooroups Rlval ent

10 radi cal aﬁf%gaggag%opgyﬁY%tgrgggﬁ gv%ﬁgro%% et é%) Iatlon can

be perforned |V|ty t
desired carbopybspheﬁusradumtSoawdich uheiabaemaehe@f1Sn@hzopﬁidnnily

furthernDre been. tou that,the ligand 1 t gbl r.ol onge
peri odof t|ﬂ§“ﬂﬁk%ﬁ§ ed 9eP9°SEBFt EﬁgyFiP[§S§ 1 1§3d§§9f%ﬁp&sﬁf er at ed
connerglal a@placasrmﬂatIvecyhb?FafSiﬁ hh&cﬁ}gdecauemo&e;hﬁ%ﬁyﬁifnat|c .
name or a conpound nore genera 0 s adamant ane er ef or. t he
optionally su%g?PPBtéHOQSp%5§pﬁ§pg%F8§ Bg B §e§° 2EPRS Ay Fﬂ% 1 IFPHR BﬂMII
be referred tglonwh%ﬁgéé BBOHRd(ﬁa hﬂd%PgBBEBQ E%Ee&&p%ﬁhv%h Sughout

the specifica A group has p erab |t|onal het er oatons 25
ot her than theaaiphmsphﬁrup &po0i atioms QKeD@uGﬁlY Sormalgl ilvetlendat ons are
oxygeg and sul t ) bI hese heteroatons are found in the 6,

9 and 0 pOS|F$§ %Tﬁgs%gsﬁgprgfe¥re ‘bivalent radical is the

2- phospha- 1, 3, 5, 7Withrahetbpbv§ QIbOeBsi@hadaaabpywla3@ogr@am ber ef er abl vy,

hr?hzépﬁoggeg g%? %%Qét hed %%o%n%urn A8 %he 1hl%h %éﬁ é%ﬂvyﬁﬂnfons
to the desired carbonylation products and in the absence

of SnClp. It has furthermore been found that the ligand

15 is stable over a prolonged period of time making it very
suitable for use in a continuously operated commercial
application.

Tricyclo[3.3.1.1{3,7}]decane is ;he systematic name
for a compound more generally known as adamantane.

20 Therefore, the optionally substituted 2-phospha-tricyclo-
[3.3.1.1{3,7}]decyl group will be referred to as
"2-PA" group (as in 2-phosphadamantyl group) throughout
the specification.

The 2-PA group has preferably additional heteroatoms

25 other than the 2-phosphorus atom in its skeleton.
Suitable heterocatoms are oxygen and sulphur atoms.
Suitably, these heterocatoms are found in the 6, 9 and
10 positions. The most preferred bivalent radical is the
2—phospha—1,3,5,7-tetramethyl—6,9,10—trioxadamantyl

30 group. Preferably, the 2-PA group is substituted on one -

or more of the 1, 3, 5 or 7 positions with a monovalent

radical R of up to 20 atoms. Typical examples of RO
include methyl, trifluoromethyl, ethoxy, phenyl, and
4~-dodecylphenyl. More preferably, the 2-PA group is



.radical R5 of up to 20 atons. Typical exanples of R5 include nethyl,
trifluowonmpbyt, ethoxy, phenyl, and_  4-dodecyl phenyl. Mpca/EROSfi®e22D| Yy, t he
2-PA group is :.lii WD 01/28972 4 Pct EPOO 10427 substituted on each’ of
the 1, 3, 5 and 7 positions, suitably with identical radicals R5. Each of
t he nonoval esnbstiieted R3 each RAfnbbhei Ade3,pénaadt 7y positdlent,ed from

(substituted) hydrocarbyl 5 groups_such _ as, for instance, nethyl, phenyl,
pyridyl, or S %}th’oé?okﬁgﬁhéﬁﬂ,réﬁ&c é&b?tsi-t,ut ed) het erohydro- car byl
groups such as, I Nst ang ' | silyl._or. =&l koxy  groups..

Al ternatively, %%ﬁ%fﬂr%?@%%tﬁ%ﬁﬁ %F%Xcgggi \I}al 3thy|Radi“ta§4 ,”ﬂ?c'h as

1, 6- hexyl eneperidénivly e 1sdlegtedof typmerienbBitdftartabl)y hyld¥ cwakdiA t oget her

with the ph u om.forma,2- PA_group. t eferably R2 connects
two ident i ca‘?é% Ssg"rl%%p%%’ 'I'ﬁg}blr’?ﬁg?ﬂgegr gﬁﬁy&g’cgﬁ'eﬁgl&n pé/’rrdéjrﬁlo' ¥ al ent
group havi ngo up-db(R26batoxry) pkeaybl eandfl (sublk thtiudeidng hete r@orgro-ar e
ferrocenyl and .nickel ocenyl e., Preferabl has 2 tqQ 4 atqns .in the

shor t est chaf%F%Xfa95%%pﬁi?%%?l?s'c%ﬂﬁegpgﬁanFﬁé Fﬁ&mﬁﬁ§§§ﬁﬂﬂdg-éans. Mbst
preferably thee £6u0E . a4 PS4 hogBe ai ! irectly
connecting the ?%%ho&%horusgg{:oﬁgipgl? IiI§r e%tgrd; yﬂ‘ta%fet%f%%e?rmﬁ?énrﬁthe

chai n are catbhvatent. r&taepl essethpasf dr Getebyileneng lgBowrs are ortho
t hyl e rou Assui t abl,e exanpl e of such a

xyly ethylene and, trj- ne S. )
IigaL%l is on "g'c‘é%‘?h??@{y ot hep¥%ff_86ﬂpﬁ§'g§r?e?5@ RJr kooethrr WS "Rs Rs
PRs O0O 5.1 | 5,a n ' as _describes ve.
Exanpl es of %%dssé\ﬁ%gﬂgn%yg%\g@%gﬂdgi% ?ﬂe%roggésg%sgc g:re ieﬁgal%é’fiﬁ%
i nvention areomxedpsi tvedidentheadbbdvBA groups.

The bridging group RZ2 can be an organic bivalent

group having up to 20 atoms. Examples of such bridging

15 groupé are ferrocenyl and nickelocenyle. Preferably R2
has 2 to 4 atoms in the shortest chain of atoms directly
connecting the two phosphorus atoms. Most preferably the
number of atoms in the shortest chain of atoms directly
connecting the two phosphorus atoms is 3. Preferably the

20 atoms in the chain are carbon atoms. Examples of
preferred bridging groups are ortho xylyl, ethylene and
tri-methylene groups.

A suitable example of such a ligand is one according

to the following general formula:
/ R"\

i O/Zﬁ/m ) O/Zﬁ/m
0 4 e

RS

RS
(2)

25 in which R® and R2 can be ‘as describes above.
Examples of ligands which may be used in the process

according to the invention are exemplified in ‘the above
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Thi s Sheet Has Been Replaced | [tI\tIl 11T 11 1111111 11 mo 01/28972
PCTI EPOQ/ 10?&@ 5 cited WO- A-9842717. Most preferably 1, 2 ‘{42., phos-
pha- 1, SVQD* Fanethyl 6,9, 10-trioxatricyclo- [3.3.1. 1{3 ecy ethane
(DPA2) and 1,3-P,P - di(2-phospha-1,3,5,7-tetranethyl-6,9,10-trioxatri

cyclof 3. 3. 1. Y i wémmm (ﬁ’g’é@)pﬁéfek'ésﬁﬁeﬁoé—bh@ PLEARYHrin of the

cat al yst systen1to be used in the grocess of I nvention, thé anount of

bi dentate | iRRAT i3 Bul TE®FyampphY L B, ABnbrigEassisyolre anount  of

pl ati num eXlO(fSﬁEﬁ PF3 ”‘Pi&éc?i)@tHQHéaRQPAQQaQHdDQV 319 polLe atom of
pl ati num The active species,” however, is | i eved to be based on an

equi ol ar anUUhtztﬁhQﬁEhﬁﬂ%u%n5}7g§ﬂHI®@¢thﬁleﬁpPaﬁpnﬁWFOXhmgl-the mol ar
amounts of - bi AR St 310203 pPfalRye) phophal! PHPART auklalley.in the range

of 1 to 3, pr y int range o regards the source of
platinum i.e., Ronpdrerprepyrationcofathatycataygsbnsyahpgmptat brumsed

compound al |l ngh £QTPLEXL 090 BOLHE Rt De 1B 21 cABUahBEncDLEeRLALG chivgand

may be used. | conpounds are i nst ance al’l ati num
zeroval ent pllidgandn 29 swiphlekesappltédatn some excess of the amount

tetrakis(trip ho el ka; | en l.atinum
salts. In par?fcﬁl}l{ﬁ‘ E&Fat%é%]ﬁ’lﬁél%%?&sa?tlggg?% é{fjl 5 anaégcﬁléggcﬁii %’Strassi um
t et r atganopl aﬁalmtaet;ordlzsbcblmtieumac'yheoqnd:'aiirea‘o'pec1elspohasreivem, is
tetrachl oropl.,atj nate ot ass%?%e r| chl oro 25 ene odi um

th
LT earer o R fisa 0188 R SrBTee Soar aBeRbsneT hRaFraRee and
pl ati num bi s(ngaﬂwryé:phmpén peatihsul phate, Sattmodhr ainahnlnumfvm th

Car bon at oms BLHP S| A (hsT cO1 8, b BT SRRt Pl APRAY Afethe © -
plati num di pr&wsonst €1 ansl p} ap rederabbeximodhe. r&hgano€ 1ptkat enun(l 1)
conpleges are prefgrﬁgggkggplﬂgdsggrggugg platinum, i.e.,
component (a) of the catalyst system, any platinum
compound allowing complexing between the metal and the
bidentate ligand may be used. Suitable compounds are for
instance, metallic platinum, zerovalent platinum
20 complexes, such as tetrakis(triphenylphosphine)platinum;
and tetra- or divalent platinum salts. In particular
platinum(II) salts are suitable, such as dipotassium
tetracyanoplatinate, disodium tetracyanoplatinate,
dipotassium tetrachloroplatinate, potassium trichloro
25 {(ethylene) platinate, sodium trichloro (ethylene)
platinate, platinum-bis(cyanobenzene) disulphate and
platinum-bis (triphenylphosphine) disulphate. Salts of
platinum with carboxylic acids, in particular with
carboxylic acids having from 2 to 12 carbon atoms, are
30 also suitable, for example platinum diacetate, platinum
dipropionate and platinum dihexanoate. Organic
platinum(II) complexes are preferably applied as source
of platinum, platinum(II) acetylacetonate being

particularly suitable.



of platinum platinun(ll) acetylacetonate being particularly. suitable. 11l
- WO 01/ ?@8?’%259;'/ EPOO/ 10427 6 The nol ar anmount of ani on pefr/EPal/f4eT

platinumis™ conveniently selected gn the range of 1 to 12. Preferably the
anion is applied in a nolar amount per nole of plati- numin the range of 1

to 8. 5 The pro@gasmah atrhancw@Ntd Ok §d+ afbPelt o pat §ALAI YEi ¢ anpunts
of the catalyst system i.e. per nole_ of acetylenjcal i unsat ur at ed
conpound, 16°8vesleptlymsiedecdedid ithan Fange e&nt, tor efer BERFerabAv10- 7

to 10-2, onihkh@nddne ikaSiph1iHl The £ ¥SlaRyeh€MBe HSRILENCENB1REGCESS Of
the in- vention conprises further a source of anions as conponent (b). It

is beli gvednpﬁlatilnt ﬁélesﬁfél%f afhd &9 dh and the distribution of electric
charge in the amhan, YU ARy GRAUAE M eiéo%%Pfié&tht'GRXtﬁf the

catalyst 15 system Preferably, anions are used at are t conj ugat ed
base of aci ¢atkdwitig angenYseds el catabys: swstemer).ef pessmpohan 4.

Sui tabl e anigns include anions derived fromBronsted agids, _in,particular
from car boxHi @%Y&s‘%mﬁ?gﬁyaémfaé;‘tﬁ%’?ﬁ%r%‘H%QB?g' a%cj?d,§ LRgl020 mole
2,6-bis(triflauqr ):he ' [ ' o] e{ he7 I dny—-and_from
sul phoni c agifgg’,l%s%&ghmasl r’r&t?!ﬁéasf\eengcfﬁ g?ﬂlgérﬁécﬁ%% d,fgﬁdib 86! o ! OE
trifluoronettheneswephasics.aci d. The acetylenically unsaturated conpounds

whi clrb may suit{;}%e?/u g__acgpgtoys t%%sstﬂéé ngnnpﬁgrég%%égatggrg gcess 25 of

I
t he i'nventi on, iMfcC mpounds  contdi hi ng from on at'oms,
optional | y orntdion ngompei ss niustharerd scuwbséi dfieahsonsuabh as hal ogen

atom o, YOGSy DA Lol theydbely ERbalLy esphy aledy | o
unsat ur at ed dmehdlies disstatiyutien ant yeTecbohe cehdpge Unssherahion in the
ol ecul o, L0 oW of R, Dyt eAdet PLSPALS L0 oL 1B LY ehineaLar e
15 system. Preferably, anions are used that are the
conjugated base of acids having a pKa (measured at 18 °C
in water) of less than 4. Suitable anions include anions
derived from Bronsted acids, in particular from
carboxylic acids, such as 2,6-dichlorobenzoic acid, and
20 2,6-bis(trifluoromethyl)benzoic acid or trifluoroacetic
acid; and from sulphonic acids, such as methanesulphonic
acid, and trifluoromethanesulphonic acid.
The acetylenically unsaturated compounds which may
suitably be employed as starting material in the process
25 of the invention, include_compounds containing from 2 to
20 carbon atoms, optionally containing one or more inert
substituents, such as halogen atoms or hydroxygroups.
Preferably, the acetylenically unsaturated compounds has
from 2 to 8 carbon atoms per molecule. The acetylenically
30 unsaturated bond is usually the only carbon-carbon
unsaturation in the molecule. In view of the envisaged
preparation of mainly linear carbonylated products, it is
preferabiy located at a terminal position. Examples of
suitable acetylenically unsaturated compounds are

35 acetylene (= ethyne), methylacetylene (= propyne).,



preferably | ocated at a term nal position. Exanples of suitable

acetyl en{,vﬁaql}zggﬁnsaturat ed conpounds are 35 acetyl ene(= epOympdo/10427
met hyl acet'yl'ene (= propyne)_, WO 01/2§972 PCT/ EPO0/ 10427 7 1-butyne,
1- pentyne, 1-hexyne, 1-octyne, phenyl acetyl ene and 3-hydroxybutyne.

Acetyl ene is ymsic el erfgshtynal tBbhExpRe | eBCbabyfie] NphBRyDREERFI Al t he
I nvention are derogen-contalnlng conpounds wher e g a carbon nono- 5 xide
nol ecul e and anrd |3shdrmyRIeiRg e eat Y e RRishe UPAPEIPTRERPEEA can be

inserted into, thg,HQh detyBaihdtendydiQ-tHenpabessandrt BReMhoeHteoal the
co-reactant. Exanples thereof include nucl eophilic” conpounds containing at

| east one nobie HydRQERIT AN Iningr eorpeRRdALEREERRY | AcCBERABURAT O™
| ncl Ud:fi wat %Ei&é‘qn?lgénlﬁ%d £ J1ea SONGRY UL EEL 31 6ANGL S ySUABaRE -HRERANOI

et han | sopropano -butanol, and polyhydric alcohols, such as
et hyl enegl ycotompgqund zameel olnsemted| jree obhet hpafsbepreaar her hydgendary

am nes of am f&s i, o PRIl 1% ah £ELPOXYE T En8CEDSrolotaRkaMRLERBERLI C acl d,

pivalic acid and propionic ac ohydric al cohol's aving froml to 6
carbon at ons thergrefiorckete imucheephitliarconppands apdtdynangl atAnot her

cat egory of 3#%%%€I§héx%5§§§gag%&rggggg%ggﬁ 20 hydri de sources such as

nol ecul ar hy and ‘conpoun e of generating nol ecul ar hydrogeh
In paroicul ar fPrefdoddenicledphhbiprocessunier éhgludeacwapesnpodl [y

unsaturated co u i s_hydrof ornyl at ed, ar rogen i referred
co-reactant . %ég$§$£%1y$'%Jécp%P% %ﬁgt?g§£§§yg’nﬁg¥goggiﬂﬁgﬁagggﬁound and
a hydri de soustipawsl defsoeropdmye amg bebutised], t angr ppaybydric

Canon TS DUSREL O AL 90, o GRRL JUFLC L PRH SR, Broges o the
range of 40 tg1¢08rél; Melitobs} tpbimany art sependbtuyeaminesherr amgdest 50 to
160 Cﬁs phenols and caiboxylic acids, for.example acetic acid,
pivalic acid and propionic acid. Monohydric alcohols
having from 1 to é carbon atoms are preferred, in
particular methanol and butanol.

Another category of suitable co-reactants comprises

20 hydride sources such as molecular hydrogen and compounds
capable of generating molecular hydrogen. In particular
for embodimenfs of the process whereby an acetylenically
unsaturated compound is hy@roformylated, molecular
hydrogen is a preferred co-reactant.

25 Finally, also a combination of a nucleophilic
compound and a hydride source as defined above may be
used, to prepare a carbonylation-hydroformylation
product.

The carbonylation process of the invention is

30 generally carried out at a reaction temperature in the
range of 40 to 200 °C, more suitably at a temperature in
the range of 50 to 160 °C. _

| The total reaction pressure is usually in the range
of 5 to 150 bar absolute (bara). Pressures between 10 and

35 80 bara and in particular between 30 and 60 bara are



The total reaction pressure is usually in the range of 5 to 150 bar

" absol utygo ohgeo®d) . Pressures between 10 and 35 80 bara anBCT/RPHANA27CuUl ar
between 30 and 60 bara are i'li WO 01428972 PCT/ EPO0/ 10427 8 preferred. In
carbonyl ation reactions of the hydro- fornylation type, the total pressure
i s usual |y phefeunedef Inheagiomydlatiars ageayt ighhs arbhdrherdmpdtoe and

hydr ogen. . ratia_be e S AVARY/ but
convenientI%gﬁggg%gﬁﬁ%dkkﬁ??hgﬁghﬁéggb %R:% tC)%g%% &%ﬁéﬁgfa%+§,§um

subst anti al b§ &hei pekriiadmpressugfesc arfhararbmnosdrieighel dnydiringénoger. used.
In other ca nyl.atio r.eagt.l vQl Vi r n, ,or,_only

I nsignifi cajri]'F8 éﬁgé%t gattﬁg)r g)tgft%%ﬁ’e t'?loetcgzﬁ %%e%kgunl;g i‘gaglreié)’ug%‘ﬁ/ tfe sanme 10
as tBe car bonnmendendd ypmedsired.nebtha rpridoesargfe tdle 1 1/end i 2nl nmay be
carried out _in_. th bsen of .a rate diluent or solvent, if so

desi red. Ho\%?dgﬁra?’f@i's%H%t%é:r?né:&r?\s}gﬁfee%{mt“&]haarvear%to"frﬁﬂji%f RTRRRt or

sol vent premenbxdadet hadbégidmigen e@frd hesekb rRacitlosr, eagbonflatvohatil e
acetylenic star%Lnﬁ material . is us&%i or if the reactjon, reguires a

rel atively FSRGELPAGACERSR P % any BT HuSF (MR g5 hCoRt t he
reactants i amdesitcakheredfi,t ahee tolale Pre sere i is PEFUGICLY aEhe aPaRET C
conmpaqunds suchggs et hers or ketonpes, 20 for exanple 2,5, 8-trioxanonane,

di etyl et hePS 588t GREPOYMPARFRE AP LRtITRAS et hyl ket one. ' The invention is
further illustrahedpsddis foF It AGvdididd Mdy N rPias. olxapl e 1 25
(a) A250 mM "Hastelloy C' (trademark) magnetically stirred autoclave was
charged wit Fhgcebpedss of & BaparatesFigiuelt pn skt ol d $9ol of

Pt (acac)2, @ekd @Rl pfwedd?) 34 igANkdseeahrUS)en®d- 25 HamE Of 1 086 DY!
sulfonic- acid and 30 m diglyne as solvent. 30 The autocl ave was

pressuri sed MilenF0 Farsel¥aBoPrafisitkiade Eivl herinning f PR tenperature

of Hie M Xt WeBction, e.g. if a volatile acetylenic starting material
is used, or if the reaction requires a relatively long
induction perieod and continued thorough mixing of-the
reactants is desirable. Suitable solvents are, in
particular, aprotic compounds such as ethers or ketones,

20 for example 2,5,8-trioxanonane, diethylether, acetone,
diglyme and methyl ethylketone.’

The invention is further illustrated by the following
non-limiting examples.
Example 1 ,

25 (a) A 250 ml "Hastelloy C" (trademark) magnetically
stirred autoclave was charged with acetylene (1.4 bara),
30 ml of l-propanol, 0.1 mmol of Pt (acac)2, 0.12 mmol of
DPA-3 ligand (see above), 0.25 mmol of methyl sulfonic-
acid and 30 ml diglyme as solvent.

30 The autoclave was pressurised with 40 bara carbon
monoxide and then sealed. The temperature of the mixture
was raised to 115 °C. Complete conversion of acetylene
was reached in shorter than 30 minutes at 115 °C and
Glc analysis after cooling and depressurizing, showed a

35 selectivity of 90 mol% to propyl acrylate. A propyl



was raised to 115 C. Conplete conversion of acetylene was reached in

shorter té¥@pi/s973M nutes at 115 C and G c anal ysis after eaErgi1eand
depressuri zing, showed a 35 selectivit9 of 90 nol %.to propyl acrylate. A

propyl WO 01/28972 PCT/ EPO0/ 10427 9 acrylate formation rate of about 2000
t.o./hr/ nol Pcrydsteafoumatédn Sarme loyfprebdudtt 200 tswcdihat e and nmal onate

dilesters; (hespiabe dUs LGATSERi! WnCRRORMANION Of ASIUAE Ung

conpl ete acety ene 5°conversion operatlon
will be hi ghemaby:nh&epdmgstlacsac&hyelsenareom ﬁmmopmrecqtas& bel ow t he

100% Exanpl he .ca- 10
30 ni_mot hanoF ARATTRAL 108 SR PORGARER R GRCRCOTR BT aRRung 10 ni

phenyl5acety|enavam51oaedInThecpmmemnaal bpmmammbnlﬂMmMSeL%qﬂuﬂnﬂyacrylate
formation rate 0 rno er Pt was cal cul ated. The
products consf’ %?gd%gf g%éée Y’S Plgg #«%’ﬁylacgé:ﬁﬁleélte CORY S 115 AR R

2- phenyl acrypase. bExawpkhe31BER&npl e 2 was repeated except that as

acetyl eni cal | uniat rated conmpound 10 m 1-pentyne was used. The
.reaction ti né—ﬂﬁ-?——i—zx our. A pentyne consunption rate of 20 300 turnovers

per hour per nol E’kampsecal wHkategdeatha eﬂt@@'ﬂctﬁa‘tomhiesbﬁd-r@facﬁﬁ%tof
| i near _net hyl ate _and_35% of  2-net hyl oxy _car.bon 1- pent ene.
Exanpfté 1 maswPépgét@ @?EBBPO}hQPdtﬁ@aﬁaneSEFééﬁ éd MR SAEFRTSd and

that as acetykempsahby1onmat phahed aaétﬁqaa@uaaslqsléid .phery lreaeatidene was
used. The reaction ti mfi was 1 hour. enyl acrylate formation rate of
u

1000 turnover§1ﬁérwﬁ6 BepTmpf Ppeﬁdé B5rYdrELedOrTRE 108 5@F® £consi st ed
of 52% of |ineapo3takaBY¥kracpiraheudnde r48¥10bt2wakeorh RARYRE. € Th30

Exanpl e 4 Exanple 1 was repeated excegt that as |igand DPA-2
products consisted of 52% of linear 3-phenyl acrylate and
15 48% of 2-phenyl acrylate.
Example 3
Example 2 was repeated except that as acetylenically
unéaturated compound 10 ml l-pentyne was used. The
_reaction time was 1 hour. A pentyne consumption rate of
20 300 turnovers per hour per mol Pt was calculated. The
products consisted of 65% of linear methyl Z2-hexenocate
and 35% of 2-methyloxy carbonyl l-pentene.
Example 1 was repeated except that the co-reactant
was 30 ml methanol and that as acetylenically unsaturated
25 compound 10 ml phenyl acetylene was used. The reaction
time was 1 hour. A phenyl acrylate formation rate of
1000 turnovers per hour per mol Pt was calculated. The:
products consisted of 52% of linear 3-phenyl acrylate and
48% of 2-phenyl acrylate.
30 Example 4
Example 1 was repeated except that as ligand DPA-2
(see abbve) was used and as co-reactant 30 ml methanol. A
methyl acrylate formation rate of about 290 t.o./hr/ (mol
Pt) was calculated. The reaction time was one hour and

35 the selectivity towards methyl acrylate was 76 wt%.
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.(see above) was used and as co-reactant 30 ml nethanol. A nethyl acrylate
f or mat iwo gf@gee2 of about 290 t.o./hr/(nmol Pt) was cal cul @cagkpodies2y eacti on
ti me was one hour and 35 the selecti¥0ty towards nethyl acrylate was 76
w% This Sheet Has Been Replaced 1111112121 100 0 1HE 2011 WO

01/ 28972 PCT/ EP00110427 10 CL Al MS 1. Process for the carbonyl ation of
an acetylenically wunsaturated congound®by Medcti on with carbon nonoxi de
and a co-reactant in the presence of a catalyst systembased on (a) a
source of platinum (b) a source of anions and 5 (c) a di phosphine of the
fol | owi ng f dr.nulProdeissP-flrpr PRERAgonywhet tom &2 appaeeegliendcadilsyl ent

bri dgi ng gr rgﬁﬁn; wDi radi cal that together, with the
phosphorus a o 10 av‘\;u ch 1t® |1§1§t?£c%%dg€%0%nmogﬁi Sﬁﬁﬁpi} DOKSSE efced

2- phospha- t @ aecima3: @it 118, tH4 decysemecoupt ar catdeybtakiysecthdaeeld i n

whi ch one or rm(;as of the car on_]h tons _arﬁl) egl aced by Eet er.oatons ("2-PA"
group), andthérei’h KIEHd R B ien {/ ePPBEERt OhnAPAPBSt @nfadi cal s
of up to 20 (at)ons dipfadphine faf e bfvBl ®windScoaizcal of up to 20 atons.
2. Process according to claim1l, wherein R3 and R4 together with the
phosphorus atomto which it is attached forma 2-PA group identical to the
group forneghy RR2_gg®iet her with the phosphorus atomto which iﬁ)is 20
attached. 3. Process according to claim2, wherein the 2-PA grodp is a

2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxadamantyl group according to the
foll ow ng general, faorgrul a: Thi.s Sheet Has Been Repl aced IIIIIIEIIIIIIIIII
1111111 11 MESAS1/FBIRP RS EFOG 19%Flent bridging group, R

represents a bivalent radical that together with the

phosphorus atom to which it is attached is an optionally
10 substituted 2-phospha-tricyclo[3.3.1.1{3,7}]decyl group
or.a derivative thereof in which one or more of the
carbon atoms are repléced by heterocatoms ("2-PA" group),
and wherein R3 and R% independently represent univalent

radicals of up to 20 atoms or jointly form a bivalent

15 radical of up to 20 atoms.
2. Process according to claim 1, wherein R3 and R%
together with the phosphorus atom to which it is attached
form a 2-PA group identical to the group formed by Rl

together with the phosphorus atom to which it is
20 attached.

3. Process according to claim 2, wherein the 2-PA group
is a 2—phospha—1,3,5,7-tetramethyl-6,9,10—trioxadamantyl

group according to the following general formula:
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11 R2 RSERS RR RS OO0 OORS (2) in which RS is nonoval ent radical of
up to 20 _atons. 4. Process according to claim 3, wherein %rl'bﬁoo?loﬁﬁdi cal
selectedwpﬂ&ﬁgﬂéthyl, trifluoromethyjy ethoxy, ‘phenyl, n

4- dodecyl phenyl. 5 5. Process according to any one of clainms 1-4, wherein
R2 has 2 to 4 atons in the shortest chain of atons directly connecting the

two phosphorus atons. 6. Process accogding to any one of clains 1-5,
wherein the acetylenically c und has m2 to 8 carbon atons. 10 7.
Process according to claj , Wherein the acefykegically conpound is

acetylene. 8. Prgeess ordigsg to-any one LR, wherein the
co-reactant is a nonohydriey al cohols having fr t 6 carbon atons. 15
one ofclains 1-8, t he source of anions
is the conjugated base 00 gpids having a pKa,\as ured at 18 Cin

wat er, of less than . Process according to aim9, wherein the acid
is 20 nethanesul fonic pcid. 111111 HE 1111111 INfJ* CL Ms This Sheet Has

Been Repl aced 1111111 ~RET 111121212 IN ;111 RS (2)

in which R® is monovalent radical of up to 20 atoms.

4. Process according to claim 3, wherein RS is a radical
selected from methyl, trifluoromethyl, ethoxy, phenyl,
and 4-dodecylphenyl.

5 5. Process according to any one of claims 1-4, wherein

R2 has 2 to 4 atoms in the shortesﬁ chain of atoms
directly connecting the two phosphorus atoms.

6. Process according to any one of claims 1-5, wherein
the acetylenically compound has from 2 to 8 carbon atoms.

10 7. Process according to claim 6, wherein the |
acetylenically compound is acetylene.

8. Process according to any one of claims 1-7, wherein
the co-reactant is a monohydric alcohols having from 1 to
6 carbon atoms.

15 9. Process according to any one of claims 1-8, wherein -
the source of anions is the conjugated base of acids
having a pKa, as measured at 18 °C in water, of less than
4.

10. Process according to claim 9, wherein the acid is

20 methanesulfonic acid.
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