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(57) Abstract

A process for the carbonylation of acetylenically unsaturated compounds by reaction with carbon monoxide and a co-reactant in the
presence of 2 catalyst system based on: (a) a source of platinum; (b} a bidentate ligand of the formula R'RZM!.R-MZRIR4, wherein M/ and
M2 independently are P, As or Sb, R represents a bivalent substituted or non-substitoted bridging group containing from 1 to S atoms in the
bridge, R! and R? together are a substituted or non-substituted bivalent group whereby the two free valencies are linked to M, and R3 and
R# together are a substituted or non-substiruted bivalent group whereby the two free valencics are linked to M2 or R3 and R4 independently
are substituted or non-substituted hydrocarbyl groups; and (¢} a source of anions,




descri bed, wherein use is made of a catal yst system based on

pl ati num a bi sphosphine |igand and a source of anions, typically a
strong acid. Unfortunately, the activity of this catalyst systemis
somewhat | ow, being 30 in the order of 20 to 200 nol e product per nole
Pt per WO 97/20803 WD 97/ 20803 PCT/EP96/05575

PCT/ EP96/ 05575 -2- hour for
acetyl ene as reactant. It has now been found that by using a

pl ati num cont ai ning catal yst sysfemwhich is further based on a
specific category of bidentate |ligands, the formation of 5 | i near
carbonyl ati on products at a high production rate Is greatly
enhanced. Mreover, it has been found that this type of catal yst

systtem Its gm lngnth ! )dlpﬁékgéé’é)'rfoﬁ QUE CARBONYIAEION W%&Wﬂgﬁ%cﬁ an

unsat ur at ed al dehydes by acetylenically
unsaturated feed 10 stockswg%(ﬁgg&gégyéfﬂ%@q%@q& of catalyst has al so
been found suitable for the preparation of carbonyl ation-

hydrof ornyl ati on pfﬁ@%v%nteioﬂ re®at&s St&fa process Eefnyﬂ&aéwﬁyl% aci ds.

The invention ma}f efi neg1 as rﬁéatl n% pr ocess
carbonyl ati on BF ‘é’Ee‘? | RGRYY; CBnsAt o te‘lfated °°mp83ﬁ13’5uwdsr%§/cq=3é§bt i on
wi t h carbon nowbkhdeaxeh ancamx;de and areactemdttant thethe espesenad @

catal yst system pag @fimﬁﬁl-fcontalnlng(@at irce of pI atinum (b) a bidentate
ligand of the formul a ‘].'R%[ err R-Merr]Rerr]Rerr],
wherein®err] andA’I\/[Jé?trﬁreisﬁdBBe nt PétP‘mAée%FtJSBis R

represents a bwhetreny &uta;:tairtungdm@temal an aneruyiabsat:all&eméﬁmdg-l ng group
containing frogtda!Qemound is ua&arrsccsﬂbzt&% 20l dage ELepsly ANty er ]

together are a substituted ubsti tuyted ent group

wher eby the t wB*PHREs p fori?ﬁiieﬂl&’r‘é% %I"r’e1 cﬁﬁ’éﬁlf‘oal\f%"i‘?'ilveand Rlerr] and

Rl err] toget hennsaieurwated bond in their molecules. Accordingly, these

10 products are suitable as monomers for the manufacture of
functionalized polymers and as intermediates in the
preparation of various valuable chemicals.

In the investigation of carbonylation reactions in
which as starting materials acetylenically unsaturated

15 compounds are used, the emphasis so far has mainly been
on the preparation of (branched} carbonylation products
using palladium-based catalyst systems. For instance, in
EP-A-0,186,228 and WO 95/03269 a process of this type is
described.

20 In view of the fact that for a number of outlets the
availability of limear, rather than branched carbonylated
products would be desirable, e.g. in the preparation of
components of detergent compositions, efforts have been
made to increase the selectivity with respect to linear

25 carbonylation products. Thus, in WO 94/21585 a process is
described, wherein use is made of a catalyst system based
on platinum, a bisphosphine ligand and a source of
anions, typically a strong acid. Unfortunately, the
activity of this catalyst system is somewhat low, being

30 in the order of 20 to 200 mole product per mole Pt per



25 substituted or non-substituted bival ent group whereby the

two free valencies are linked to Merr] or R err] and R err]

i ndependently are substituted or non-substituted hydr ocar byl
groups; and (c) a source of anions. It is believed that the
process of {hg, ntion in- 30 vol ves the formation i¥3m$%

I nternedi ate coﬁp gx wher eby the pl ati num net al idﬁﬁboor |%%tes
with the atonms Merr] and Merr] of the bidentate ligand, i.e.
conponent (b), and with t he aceﬁylenically unsat ur at ed conpound.
As regards the source of platinum i.e.5 ctonponent 35 (a) of the
cat al yst sysheWy &9y FeRyIfnm éenpsankant. WO 97/ 20803

PCT/ EP96/ 05575 It has now been found that by using a plaBinum- al | owi ng

conpl exing b l.,.an bi.dent at e Li.gand may be used.
Suit abl e corrg%igﬁ%{s&‘&aé% #%aallynsgt% %g,&n WS 'aisrreftué:ltlhleg Sﬁgg?nﬁ’f’h 8Zeroval ent
pl ati num confPefeEic strteapry of bideneateldigandsphébel Showphior)efati num

and tetra- oLindar caribmtalatilonPpbabiiera SRl (5 hilgh @%ﬁheekaﬁ phedinun(ll)
salts are sujtabl.e, such_as d|$ota53|un1 efra pl ati nat e,

: cyan
di sodi um t et FECTRFOPH At THEI D POT 8% Tim e tiRse e8?"‘0-fmmg thatp| atinate,
pot assi um t r Fbhé orYpg erthydadiedyspl avenet eis eminentlyoguihmblechibor o

(ethylene) platipaégardd@ld BMBhsar 1 Gunsatuddti@R@RRGAS: Fi-sul phate and
pl ati num bi s{tri mge i sul phate. " Sal ts” of platinum

with carboxy Vérg%g¥%;1a5%9Qm?F Fﬁgggf?? %ﬁi WEPEERyER®aci ds havi ng
fromi2 stocks 1 Figmldan &hasstype eofal g adyistablae, alse baanpl e
pl atinum di agghAd egy ¥ 831 #H A BEOPLORRE A 53 J¥ AbhBUAY 12t ion- di hexanoate.
Organic pl atgngn{%{lﬁ) c0 | exes g{le gr eef er abl ét%ggl |o%d _ as source of
pl ati num pl YFRMATY aén%éﬁnylpi@ Bhat & eing particularly suitable.
Regar di ng t hEolmwleraxkatliigamgidenst it uti ng conponent
The invention may be defined as relating to a process
15 for the carbonylation of acetylenically unsaturated
compounds 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 bidentate ligand of the
formula RIR2M1-R-M2R3R4, wherein M! and M2 independently
20 are P, As or Sb, R represents a bivalent substituted ox
non-substituted bridging group containing from 1 to 5
atoms in the bridge, Rl and R? together are a substituted
or non-substituted bivalent group whereby the two free
valencies are linked to M!, and R3 and R? together are a
25 substituted or non-substituted bivalent group whereby the
two free valencies are linked to M2 or R3 and R4
independently are substituted or non-substituted
hydrocarbyl groups; and (¢} a source of anions.
It is believed that the process of the invention in-
30 volves the formation of an intermediate complex whereby
the platinum metal ion coordinates with the atoms M1 and
M2 of the bidentate ligand, i.e., component (b}, and with
the acetylenically unsaturated compound.
As regards the source of platinum, i.e., component
35 {a) of the catalyst system, any platinum compound



20 (b) of the catalyst system Merr] and Merr] preferably both

represent phosphorus atons. The bivalent bridging group R typically
is an organic group, inclusive organonetallic groups such as
ferrocyl ene, connecting the atoms Merr] and M2 t hrough carbon
atonms. Usual | wosd7hesesi dgi ng atons are 25 carbon atons, RIERIGO3SFS with
het ero-atons (ot her than H or C) thereto attached. Preferably, R
represents an al kyl ene group containing from1l to 3 carbon atons in
t he bridge, in particular an ethyd ene group. The

bi val ent substaw&eﬂl [P TeSdbgt bbtlesh Hdimet3d and th@pwé@zﬁré@&- by

Rl err] toget hefL err rl'J[E;pref gra@églé:ocrgmaror&s v t to 9 atons.
Exanpl es of sui f*%%ﬁ’ Bb; X/é:i élro B% v r@df 8- ﬁe§yreh1és ance,

1, 6- hept yl ene, met&lbie \platd nuet, c zerovalent M@é:tm@m womplekes r [suchias group

forms a phosphe&vﬁé\@@é Mlszhenylphosﬁﬂme)ﬂﬁl%@bl ¥naREBEFA- together with

Rlerr] represeql @ Bl¥%: Jpum sabEht PYRSHLULS], oF 000 SUbI tatl £ evel i c

PCT/ EP96/ 05575are suitable, such as dipotassium tetracyanoplatinate, get her
with Merr], thESo@{&k e&étex%c%%gl&@m&@ RIIPRARRE um tetrachfdRd0al kyl

gr oup. Exarrpl es_of  suitabl e bival ent ﬁ' g hjgs ar e
1, 4- cycl ohexyl BhRt1R3%E  \RATGREFHD EREC Jio”f (ethylenel, PLahiRdf@ne,
1, 4- cycl ooct yl sodiud, theighdloxect(gtbpbemeld pimtinate, platinum-bis-

Z-HEth 1 S- C¥ éﬁﬁ%éﬂéﬂHﬁarﬁﬂgglPhate and platRhﬁ&rklg@griéﬁgﬂg}

indepen ently resent any su non- su

hydr ocar byl gr oBf® digulppatg, yﬁ‘alts of plagipyp yigh %"I‘%H’%Wl-"gfr oups.
Preferably, R[ed:ic]ls anich I?[ae:rtrl]cuﬂagewtm carboxyllhaueldhehsaimg nixeow 12y as
Rierr] tOgethe?oviﬁrhiﬁﬁﬂﬂfhtokg are alsofgﬁlkgg g, 559§té§ I n case any

of R or Rerr F\:J[ s substjtuted are pre era y sel ected
from the groupPlatinum %‘F?té‘ttlangp%?t’rf&f“b FERTIPSARATE NP \BIRF L Kk oxy
am no asd dihexddodta@ti no groups. The al kyl groups in the al koxy and

al kyl ami no groups quefarabhy.each £ R 1E%8M 1+E Qoreferably applied
as source of platinum, platinum{II} acetylacetonate being

particularly suitable.
Regarding the bidentate ligand constituting component

20 {b) of the catalyst system, M! and M2 preferably both
represent phosphorus atoms. The bivalent bridging group R
typically is an organic group, inclusive organometallic
groups such as ferrocylene, connecting the atoms M1 and
M2 through carbon atoms. Usually all bridging atoms are

25 carbon atoms, optionally with hetero-atoms (othexr than H
oxr C} thereto attached. Preferably, R represents an
alkylene group containing from 1 to 3 carbon atoms in the
bridge, in particular an ethylene group.

The bivalent substituted or non-substituted group,

30 represented by Rl together with R2, preferably contains
from 5 to 9 atoms. Exawmples of suitable bivalent groups
are 1,6-hexylene, 1,6-heptylene, 1,5-octylene, etc.
Together with M1, this group forms a phosphacycloalkyl
group. Preferably, R} together with RZ represent a biva-

35 lent substituted or non-substituted cyclic group. To-



15 4 carbon atons. Particularly preferred bidentate
| i gands are the [3,3,1] and [4,2,1] isoners of

2- P, P' - bi s(9- phosphabi - cycl ononyl ) et hane and the [3,3,1] and
[4,2,1] isoners of
1, 2-P, P' - bi sxdymmbday! - 9- phosphabi cycl ononyl ) et hane. 20 PCT/EPodIRE7st he
preparation of the catalyst systens of the I nvention, the anount of
bi dentate ligand of fornula is generally applied in sone excess of
t he amount of plati- num expregsed as noles of bidentate |igand

per nole ato eﬁ__her mtﬁf pl a‘ér'xiqémﬁre-lgé?:reﬁt g\éguéf)gé%'?%tae e wev&r bﬂ'lef bel i eved

to 25 amount
mol e pl ati nurﬁyciﬁéékﬂhﬁrﬁﬁpa@ms of Bhdeablecbivaykant cyclic per nole

of p|at}rﬁ¥qlgidﬂwsta?EYI|@ éf&id e, 11t 8- éycloheptyleﬁ'%efaf L%b|y in thet
range o 0 rese y y hi gher anounts
may be benef |cé’c&P°C§§Eeng 270G 2‘°c?§tcé’ﬂ§§F ? %e‘fﬁé Jt%‘?fg:y 1$nené | ocess of

the inB 2-megbyilidnsareclegathdensgsedpan a source of anions, i.e.
conponent (c). |g3i anéeiaqwaﬁ;i ﬂﬂ&beﬁh@néi?%@ér&é@l@rﬂr@‘sws tut@ﬁd the
di stribution of elect lon sig i cant

a the a
contribute t &%t HSHSFH%’FFH? %‘?%”ﬁ%o(?élrgp’ FrOoUR: su‘:hs%ﬁstaé]ﬁy Pr éf-’é’llabl Y,
ani ons are usdfariydt omrerabeyl groups. PreferaMy 9HICGEEBRY together

PCT/ EP96/ 055 ave the same meanlng as Rl together with éRzS i

conj ugat ed base aC| s Vi n %egg rreasured at 1 [err]lC

vvatersgb of less t Hﬁ ab 8t §e81 ofPFHARAW & dhs oF to Rive a
subst anti al | yisi prskuamﬁlamet preferably seledted airam ahieoggoupcl ude ani ons
deri ved fromBhanstefy or haloddh dRomk!) ﬁété}gé&k@r dQIRS2LRKY! higac! ds,

such as 2, 6- | or ob en20|c aC|
2, 6- bi s(trlfﬁalﬁyéjﬁ@%ﬂ?l?ﬁ%‘%l Jhe alkyl gioupsin ithe sdkexzefrd acid: and
from sul phonrékgtadsno groups pederablpetacheseniEionifroaciidto

triflyoromet RapgsHbR N9 ks . acid, etc.
Particularly preferred bidentate ligands are the
{3,3,1} and [4,2,1) isomers of 1,2-P,P'-bis(9-phosphabi-
¢cyclononyl)ethane and the [3,3,1} and [4,2,1] isomers of
1,2-P,P'-bis(dimethyl-9-phosphabicyclononyl)ethane.
20 For the preparation of the catalyst systems of the

in

invention, the amount of bidentate ligand of formula is
generally applied in some excess of the amount of plati-
num, expressed as moles of bidentate ligand per mole atom
of platinum. The active species, however, is believed to

25 be based on an equimolar amount of bidentatre ligand per
mole platinum. Thus, the molar amount of bidentate ligand
per mole of platinum is suitably in the range of 1 to 3,
preferably in the range of 1 to 2. In the presence of
oxygen, slightly higher amounts may be beneficial.

30 The catalyst systems used in the process of the in-
vention are further based on a source of anions, i.e.,
component (¢}. It is believed that the size of the anion
and the distribution of electric charge in the anion sig-
nificantly contribute to the stability of the catalyst

35 system. Preferably, anions are used that are the



10 Preferably, the anion is a "conpl ex" anion, generated

by a conbination of a Bronsted acid and a Lewis acid. In case of a
conpl ex ani on, recomrended Bronsted aci ds i ncl ude hydrohal ogeni c
acids, such as HF and HO and, in particul ar, sul phonic acids, such
as met hanesul wbon208035 aci d, trifluoromet hanesul phoni c PEEERI6H557S
trichl or onet hane- sul phonic acid and the |i ke. Recormended Lew s
acids are, for exanple, SnC[err], SnF[err], GeC[err],
Sn(CF[err]SOerr])[err] and BF[err]. =5 - Exanpl es of preferred conpl ex

ani on- gener at i cognpegetiath base of acidsnsavwire tehekef dmeasured at 18 °C

H[ SnCl [err] C"'{ﬁrd}a&)erdf] he@@dtﬁgnc‘n@ [(?a{ﬂdl}ggse%ralsgg 8h! thes€Oanions

The nol ar nt of anion %t%r Eg cgea(%l num conveniently

sel ect ed |n t aYQfy SRSy BIRYRY I‘%Ftwlty the anion is applied
in a nolar anount qlartanileeanﬂop‘saimclude anionsudernvefieframgeraistied o 8.
The progess Ofallie | MPRLADCUSQEALOREAMILE BBigs o8h A1 G AMOUN S

of the catalyst syst acetylenically Uhsaturat ed

conpound, 10[ e#¥¢R 3t‘br°ben2°lc ief‘ér r3ndud f S gdrELEAURT PR bRk Ebgnzoic

preferably frO@&ﬂdﬁdﬁrﬂrﬂﬂ&uoroacetldihéhd<Mhﬁﬁh€r§&ﬁ3ubﬁ5bﬁlc acids, The
acetylenically I @HE‘J.@? npl oyed
as starting 1gér"[?a éj“%tt@%g(é%{r{g ess o e %ﬁéﬁgrfﬁsgﬁ ‘%(hgf %
conpounds cont%?%ﬁﬂge'sfcr om2 to 20 carbon at ons, opt i onal ly

cont ai abng one or FEEferiabdyl the aniorsubstd teenpliexsushics, hpdmgeited onms or

nydr OXYOIOUPS by o conminaciBheLe 2t Ynddie AAWLER! 34 LY, IrRad 3o

r
conmpounds 35 The: acetylen-
WD 97/ 20803 <case of a complex anion, recommended pggpgpg@pygg#g

- 6 - _ imcldde hysabhadbeen bontbids usuwahl yst HE afd YRCRI&xed),- Gal bon
unsat ur at i on 'egamec 2 Wbl SN A, B1CUK! B80REheay phon A PPAT AL 07

of mainly lin car rodu y |l ocated at
a ternithal pos#®idn. trifluorome hanesulphonlc ac1d trlchloromethane-

sulphonic acid and the like. Recommended Lewis acids are,
for example, SnCl,, SnF,;, GeCly, Sn(CF3S80333 and BFj3.
Examples of preferred complex anion-generating combina-
tions are therefore H[SnCl;.CH3SC3] and H{SnCl,.CF3803].
20 The molar amount of anicon per mole of platinum is
conveniently selected in the range of 1 to 12. Preferably
the anion is applied in a molar amount per mole of plati-
num in the range of 1 to 8.
The process of the invention is carried out with
25 catalytic amounts of the catalyst system, i.e. per mole
of acetylenically unsaturated compound, 10-8 to
10-1 mole of platinum is present, preferably from 10-7 to
10-2, on the same basis.
The acetylenically unsaturated compounds which may
30 suitably be employed as starting material in the process
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
35 has from 2 to 8 carbon atoms per molecule. The acetylen-



5 Exanpl es of suitable acetylenically unsaturated conpounds

are acetyl ene(= ethyne), nethylacetyl ene (= propyne), 1-butyne,

1- pentyne, 1-hexyne, 1-octyne, phenyl acet yl ene and 3- hydr oxybut yne.
‘Sui tabl e co-reactants in the process of the invention 10 are

hydr ogen- cogipasBhdeg conpounds whereby a carbon nonox- EPofigssiP!| ecul e
and at | east one acetylenically unsaturated conpouﬁa‘can

i nserted into the bond between the hydro- gen at om and the nol ecul e
of the co-reactant. Exanples t hereof include nucl eophilic conpounds

h Pr ef d
nggfgggkpglgi%§£& ung?ﬁﬁ{?&ﬁgngoagt%?ehﬁﬁ% yg%%e E%OﬁaFgon cifbo reterre

monohydri c aleeteizatisucHrasbgemhanorle. In viewepfathbe, envbpresdinol and
1- but anol , a@ﬂe;ﬁ@&éﬂb&if IoF ataqaiy llnear &mb’any%eadaﬁrsaﬂat§negé yEo!l

1, 4- but anedr oI nd cerol peinary or secondary am nes
or am des; ofer ﬂﬁ%?&ﬁqgéﬁﬁg 85r50§§#$%?%%n3$§1 #8P-exanpl e acetic acid,
pi val Bc acrd andExampliesniod suiiabMrotatdrlienighd dliohsshbwrated i ng from 1

to 6 carbon abim.A{L ¥k %%E?@enéﬂ—p@iﬁy&lﬂ AmethylacefFidanol and butanol.

25 Anot her categor¥ sui t abl e "co- rea tants coqgrrses

hydri de sour&eéPERRMF BEURGr hRFUGET and "ES¥PBuNYOcEYRe,  capabl e of
gener at i ng nuhecylaretipylénegend Brhypdrexyduitame. for enbodrnents of the
process wher eby aﬁt%qwtcemabunts in theUB%EHEQtSEI rf:

hydr of or nyl at ed, | ecul ar 30 n.is erred co reactant

e
Fi nafPy, al sF% e Q%Q:CBHt%Fnanﬁu%?Qﬁﬁﬂﬂég Hhere Y P2 CRRR PO a
hydri de sourixie asoldefulredndbatveleayt bene acetylensed] l{ oumsenarat eal

Carbonylatrc%b 6Hﬂg(aa%y5@tiﬁgerted 1ntd”€ﬂ@ughnd3§etween tRﬁD
car bonyl ati on process I nvention
PCT/ EP96/ 05538 atom and the molecule of the co-reactant. Examples

20803
thereof include nucleophilic compounds containing at

15 least one mobile hydrogen atom.

Preferred nucleophilic compounds include: water and
alcohols, e.g., monohydric alcohols, such as methanol,
ethanol, isopropanol and 1l-butanol, and polyhydric alco-
heols, such as ethyleneglycol, 1,4-butanediol and gly-

20 cerol; thiols; primary or secondary amines or amides;
phenols and carboxylic acids, for example acetic acid,
pivalic acid and propionic acid. Monohydric alcochols hav-
ing from 1 to & carbon atoms are preferred, in particular
methanol and butanol.

25 Another category of suitable co-reactants comprises
hydride sources such as molecular hydroger and compounds
capable of generating wmolecular hydrogen. In particular
for embodiments of the process whereby an acetylenically
unsaturated compound is hydroformylated, molecular hydro-

30 gen is a preferred co-reactant.

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

35 The carbonylation process of the invention is



- 7 - generally carried out at a reaction tenperature in the

range of 40 to 200 [err]C, nore often at a tenperature in the range
of 50 to 160 [err]C. The total reaction pressure is usually in
the range 5 of 5 to 150 bar absolute (bara). Pressures between 10 and
80 bara and iwoparesedul ar bet ween 30 and 60 bara are POTEPPEPSSEY.

I n carbonyl ati on reactions of the hydrofornylation type, the total
pressure is usually the sumof the par- 10 tial pressures of carbon
nonoxi de and hydrogen. The nol ar - Fatio between these gases may

vary, but is caewnemaddyl yarried ouﬂﬂatnaateadtiwntﬂumperayareflﬁ 2héo 2: 1.
Preferably, su S y n n, oxi de
and hy%agggnogr e()u'}égl(rjlid b fighe @ﬂtlaefn %{Iﬁgr t8 g% @?P%’ mrmtrh
reactions, |nv6P@Bﬁg°ﬁ05Hy%Pci5° C gen, or only |nsign|f|cant amount s
thereof, the total The total Rf Rl pSeéguﬂ@Izystdmaiaryemsv;haergﬁgémn
nonoxi d ress r t i nven

carri edesout [ nofog €3 H%ﬁ ba% absoth égggagr g%ge%ﬁq%esn?’%twegglé ém
de- si BédbapBwaydrin |Ralﬁt§0@f1ti§nb@6%hl3é)ntafldo 6Rabara arquu d

di l uent or solpggtepfeaent at the beglnnlng of the reac- tion, e.qg.
If a volatile acet Ie rti.ng nate ' jf the
reaction requires ¥ re c#?%? %}10 nre?°£13E§ ot t?&u@?d68§B£W¥§%F

conti nued t hor b¥B&. nth¢rﬁptﬁltﬂﬂﬁsﬁé§§ is usually ddnes suw Gésthebpix—

Sui t ably@ sol veaisl ?Eesétﬁkélﬂrdﬂ Q:lé'rﬁbn rﬂ@:ﬂ@:&id‘e GRIF hydrogen. PENAUSoBHCh as

i f so

et hers or ketone exa h nane, di ethyl ether,
acet one and nefﬁgF e?ﬁ?Y 5 Bet"hay Varie PH@eﬁflﬁﬂ nyenieRther

i1l ustrated bymﬁhet$m¢®vﬂfng:he range ekahp? d® 2FRe Ebbfevahlyorsmsed in
t he exanpl es, Bﬁﬁﬁtlally eqdlhlﬂllfa@ hﬁ&hﬂgs rfﬁarﬂaﬁ%%n monoxide Matdd

nmet hanol % = platlnun(ll)
(acetylacetonaF¥$f8??T axe use BPBNE = an |soner|c m xture of

1, 2- P, 5 bi s(9- In other carbonylation reactions, involving no hydro-

gen, or only insignificant amounts thereof, the total
pressure is roughly the same as the carbon monoxide
pressure.

The process of the invention may be carried out in

20 the absence of a separate diluent or solvent, if so de-
sired. However, it is often convenient to have a liquid
diluent or solvent present at the beginning of the reac-
tion, e.g. if a volatile acetylenic starting material is
used, or if the reaction requires a relatively long in-

25 duction period and continued thorough mixing of the reac-
tants is desirable.

Suitable solvents are, in particular, aprotic com-
pounds such as ethers or ketones, for example 2,5,8-txi-
oxanonane, diethylether, acetone and methyl ethylketone.

30 The invention is further illustrated by the following
examples, The abbreviations used in the examples, have
the following meanings:

MeOH methanol BuOH =  butanol
PA platinum(II) {acetylacetonate),

)]

i

35 BPENE an isomeric mixture of 1,2-P,P'-bis(9-



——
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phosphabi cycl ononyl ) et hane (HM = (trifluoro)nethanesul phonic
aci d’ Exanmple 1 (a) A 300 nmL "Hastelloy C' (tradenark)
magnetically 5 stirred autoclave was charged with acetylene (1.4
bara), wo 9/ Zdde3L of t-BuCH, 0.25 mmol of PA, 0.3 mvl pei/eBbdiNess

0.4 mol of Ms, 0.4 mol of SnCl[err] and 30 nL of 2,5,8-tri-

oxanonane. The autocl ave was pressurised with 15 bara carbon 10
nonoxi de and then seal ed. The tenperatuge-of the m xture was rai sed
to 115 [err]C After a r;ﬁ@‘sbh‘&ﬂul&%k@ﬁo&}l)ethane 15 mnutes, the reaction
was di sconti d _and the content’s t he aut ocl ave were cool ed. The
acetyl ene TIMS ¢ Ghver Gt lngEo1BBEha Olpﬂ'b(?d’d'&a(i% Asisted of t-butyl 15

acryl ate, pr@&pmampfleal a rate of 2240 nol/nol. (b) The exanpl e
was repeated, ?JSAng{)&qmpar}pangrﬁgg Bpn%%‘?d%"bafd‘)nﬁ'ia%%é_ﬁ_gﬁw acryl ate was

now prepared at an_avera . (c) The
exanpl® was FEPEREBIGUERTIAY Y FaFaCRAEIRB O PD acetylengokitdé. bardlt vl
acryl ate was3nonLpsepasBednt 0a 25atmeodf of PA, 0. DIMO1IMOIE/ BPRND,

These exanpl gs,i trate.t | ept 1 do | by the
process of t e4|+11{n/ée§$1t‘|£€nﬁs %64 ﬁ&?éuﬁg SM{P dané)ta% 2c3r%o Jr‘mnOX| de
pressures. 23¥anonapganpl e 2 (a) An autocl ave of the type as

described in Exarmé¢ eadtoclave wawsapréeéSeugbskdvviitaast )éh@ﬂecéﬂtbén bara), 0.28

nol f wat er I P f BPBN mmo| of M5,
0.4 %TDI of Wf%a??]a%%é:%ag Agh% %en oxanonan(?§ EBe mlxture The

aut ocl ave wawapreateed sl Mist ACeaAfRAT roreRCEéon period (S0 bara) and then
seal ed. The tsnperatdd £ vHe RACHi¥hUWEs discontiWaed ahgeghéo 115 [err] C

After a reactlo erio f 1 he reactis0 i sconti nued
and the cont &n ge%) ®t%e tglu oC tg\%ga?/r\% ‘se%% coole'& I edac?ﬁgl%rgetyl ene

conver si on wasnyepsiomaspaddiet The product CDﬂSlsted of t-butyl
15 acrylate, prepared at a rate of 2240 mol/mol.h.

{b} The example was repeated, using 30 bara carbon monox-
ide. t-Butyl acrylate was now prepared at an average rate
of 3050 mol/mol.h.

{c) The example was repeated, using 40 bara carbon

20 monoxide. t-Butyl acrylate was now prepared at a rate of
5300 mol/mol.h.

These examples illustrate the excellent yield obtain-
able by the process of the invention, in particular at
higher carbon monoxide pressures.

25 Example 2
{a) An autoclave of the type as described in Example 1
was charged with acetylene (1.4 bara), 0.28 mol of water,
0.25 mmol of PA, 0.3 mmol of BPBNE, 0.4 mmol of MS,

0.4 mmol of SnCl, and 50 mlL of 2,5,8-trioxanonane.

30 The autoclave was pressurised with carbon monoxide
{30 bara} and-then sealed. The temperature of the mixture
was raised to 115 °C.

After a reaction period of 1 hour, the reaction was
discontinued and the contents of the auzoclave were

35 cooled. The acetylene conversion was 100%. The product
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consi sted of acrylic acid, prepared at an average rate of 620

nmol / nol . h. (b) The exanpl e was repeated, using 0.4 nmol HO instead
of M5. Acrylic acid was now prepared at an average rate 5 of 1400

mol /ol . h. woo97es03 Again a high rate was achi eved, now REIVERJ6O3STEr as
nucl eophil i c reagent. Exanple 3 An aut ocl ave of the
type as described in Exanple 1 10 was charged with 20 ni net hyl

acetyl ene, 20 nL MeCOH, 0. 25 mmol 2of PA, 0.3 nmol of BPBNE, 0.4 mmol
of M5, codied sl obf adinK {eradi dangréPardd aft Arb Sreridgexaaeaase.

The autocl ave was RBh §gfrﬁsed w th carbon nonoxi de (50 bara) and

t hen seal ed. fhe Peﬁgeratu?e of the m xture 15 was raised to 115

[err] C. {b) Thepexapple Madfc tiePsapeti owsHis L 3 [ewrds KCihanpeaadi on

was di sconti nggdmandathel oM@ wva@f nblyepaupOedd e WY @verage rat@ol ed. The
nmet hyl Ecetyle&eligpvggfioqL s 100% The product consi sted of

met hyl trotondte W th™a é%?eb Tvity 20 of 98% prepared at an average
rate of 400 nol /mBgakn a high rate wal gchieygd e naw wsingt wetehnaast he
process of theycleophili&Vesddedt conbines excel lent selectivity towards

| i near products with a good rate. Conparative Exanple A 25
Exanpl e 1(c) ted, however, using 0.3 mol

1, 2- bi s(di phenyl phosphtoo}atshafe thestynrd af BRRNEbesl in Examplegand. After

S hourgy a CORMer ehabglh Pty ADYWaRchyl acetAHLVSE miNflebal € at which
but yl acrylati'wasmgrQQgg%gb o w%g %éﬁg%:han 30 gnl/nng.h. Mor eover,
butyl acryl at € "®as™86 r Qe 4t iVi‘t 6t 8A1 Y5500 the
remai nder 0.4 mel ngf p$ndilgr iAnd d¢dnpbsell 2f5.8-kxdicranorysehane.
Conpar ative ExanpkfeBiutoclave was pressurised with carbon monoxide
{50 bara) and then sealed. The temperature of the mixture
15 was raised to 115 °C.

After a reaction pericd of 2.5 hours, the reaction
was discontinued and the contents of the autoclave were
cooled. The methyl acetylene conversion was 100%. The
product consisted of methyl crotonate with a selectivity

20 of 98%, prepared at an average rate of 400 mol/mol.h.

This example illustrates that the process of the
invention combines excellent selectivity towards linear
products with a good rate,

Comparative Example A

25 Example 1(c} was repeated, however, using 0.3 mmol
1,2-bis{diphenylphosphino}ethane instead of BPBNE as
ligand. After 5 hoursg, a conversion of only 40% was
achieved. The rate at which butyl acrylate was produced,
was less than 30 mol/mol.h. Moreover, butyl acrylate was

30 produced at a selectivity of only 50%, the remainder
beiné primarily composed of 1,1-dibutoxyethahe.
Comparative Example B

Example 1(c) was repeated, however, using 0.3 mmol
1,2-bis{dicyclohexylphosphino)ethane instead of BPBNE as

35 ligand. After 5 hours, a conversion of only 20% was



Exanpl e 1(c) was repeated, however, using 0.3 nmol

1, 2- bi s(di cycl ohexyl phosphi no) et hane i nstead of BPBNE as 35 | i gand.
After 5 hours, a conversion of only 20% was WO 97/ 20803
'PCT/ EP96/ 05575 - 10 - achi eved.
The rate | butyl acrylate was produced,

nnl/nnl.h?hﬁﬂﬁégg%r, butyl acrylate was now progﬁgggaggkg%?
selectivity of only 30% the remai nder being primarily conposed of
1, 1- di but oxyet hane. 5 Example 4 ;4 _ An aut ocl ave of the type

as described in Exgnple 1 wa arged with acetylene (1.4 bara),
0.25 mmol of Afveg‘ "fe %ﬁ%?rﬁﬁﬂWh&FEBgéﬁﬁ, Y ot Wﬁgkﬂﬂﬁdqﬁﬁ§'nnnl of
SnCl [err] ames about 14(0med/mefl.2y.5MBrepvexanomaye.adfylate was nbhe

aut ocl ave SBLEE§ULE S£Us M ddt 1GA) Qogﬁggﬂwiﬁ@%, the renga?i%d@f a) and

hydrogen (30 hara) and then seal ed: . tenperature of the m xture
was rai sed ©§18§ %EFWT%%1¥WQQﬂP9%? of 1,1-dHMkFREIEIE-0d of 5 hours,
fol | awed by Examedet #on period of 10 hours, the reaction was

di sconti nued ang,t e of .t t.0cl ave [ ool ed.

The acetyl ene cgﬂvggg‘?@?\?ﬁag f:CL%g‘%A) E#ﬁ% %? o%%sc%kboed 3 E\é\%ﬁ%rl%t gd of
acrol ei n” (2% SRargedpybralasstydenerdilgs baral, 0 Fodmeddoft PA-rate of 100
mol /mol . hr. 0.6 mmol of BFHNE, exapmeli bf UBNSAlES il J¥e spicagessdof the 20

I nvention iiOSHLtﬁgl5v§§§;é¥ﬁ§%ﬁﬁ%hgﬁi0” reactions of the
ere

hydr of or nyl at'i on type, W y an a ﬁyne I's converted into an
et hyd®ni cal | y ufbat avEeepvy gy geessurised wildnslag®n monoxide  To the

reaction m xbur Bar@pt ahd adrdvdgesanpbebdralladtt den sealek.lrThent yne was
added. The %gggg'rggsr&f WS E8E was raisc b G DO HPROXI AP (30 bara)
and hydrogen ara) an
induction period of 5 hours, followed by a reaction
period of 10 hours, the reaction was discontinued and the
15 contents of the autoclave were cooled.
The acetylene conversion was 100%. The product
consisted of acrolein (22%) and propionaldehyde (78%),
produced at a rate of 100 mol/mol.hr.
Thig example illustrates that the process of the
20 invention is suitable for carbonylation reactions of the
hydroformylation type, whereby an alkyne is converted
into an ethylenically unsaturated aldehyde.
Example 5
To the reaction mixture, obtained in Example 4, 10 mL
25 of 1-pentyne was added. The autoclave was pressurised
with carbon monoxide (30 bara) and hydrogen {30 bara) and
subsequently sealed. The temperature of the mixture was
increased to 84 °C. After 10 hours reaction period, the
reaction was discontinued and the contents of the auto-
30 clave were cooled to ambient temperature.
GLC analysis showed that 70% of l1-pentyne had been
converted to hexenals. The selectivity with respect to
2-hexenal was 86%, to 3-hexenal 1% and to hexanal 13%.
The linearity of the aldehydes was 100%, produced at a
35 rate of 30 mocl/mol.hr.



subsequently seal ed. The tenperature of the m xture was I ncreased

to 84 [err]C. After 10 hours reaction period, the reacti on was

di scontinued and the contents of the auto- 30 clave were cooled to
anbi ent tenperature. G.C anal ysi s showed that 70% of 1-pentyne
had been wo9rmeesverted to hexenal s. The selectivity w t PCT/BRgs®6375t O

2- hexenal was 86% to 3-hexenal 1% and to hexanal 13% The
linearity of the al dehydes was 100% produced at a 35 rate of 30

nmol / nol . hr. WO 97/ 20808 11 -

PCT/ EP96/ 05575 As in example 4, this example illustrdtes that the As in

exanple 4, this. e le llLustrates that th rocess .of. the
i nvention is Eﬁ%aﬁ% C"%p% Pe Y%rftlhofdr%-. sulgably.?%?]ﬁ%‘_gtﬁ%% qyﬂfé’ -
car bonyl at i on fasmwliadion tvpe earkamyieéion reactjonseadith mro alikyaeur at ed

hyd(r]I of or nyl at iz Ae@JUEhEo uBsaturdd¥EAVArof&ShPTht Vod Yorddaids |inear
pr oduct

S n- tal he ven en.the_catalyst i.s used for a
second ?i ne. WoreoverExgﬁ%f'cébGV&Y T Eﬁﬁeﬁﬁt%ﬁ%’#etsoflst f&+{Ype as
descri bed i n Bemsde even when tss caltalystd st hsedefgr enasecbnd dama), 50 niL
t - BuOH, %a?mgég@ml of PA, 0.3 nmmmol of BPBNE, 0.3 mmol of HO, and 10
0.3 mmol of Sn rrj. The autocl ave was. pressurised with
car bon nonoxi de &n utogl Aveitle FSaF YRS dPB SRS TPt d & paRAe L
respectivel y) vasd charged witieracdailede The4dt bapal ati0 enloft -BwdHyI Xt ure was

raised to 0.25 MAB1[ 8ErbA; &3 mmol orf AbPBRE, ao.r?alﬁﬁdlo%fp%l?daﬁfﬁ 2.5

hours, _t he reactlion 1 %i(/)\éas di sconti nued and the contents of the
aut ocl A%e wer &-3 ™Mol Of ;BRGtR- The acetyl ene conversion was 100% The
pr oduct cOhsi sttbdcbdves azD petetubiisyd ditflorandhomnopoanat de

30 ol e% propapy n@@@cwa{ﬂl?ﬂ“ﬁ&/fégéﬁm(% RhAPEOMBLE Rlbpect iREERRN §gat an

average rate of 250 nRIe/m)

then sealed. The temperature of the mixture was raised to
100 °C.
15 After a reaction period of 2.5 hours, the reaction

was discontinued and the contents of the autoclave were
cooled. The acetylene conversion was 100%. The product
consisted of 60 mole% t-butyl 1-formylpropionate,
30 mole% propanal and 10 mole% t-butyl propionate,
20 prepared at an average rate of 250 mol/mol.h.
Example 7
Example 6 was repeated, however, using carbon
monoxide and molecular hydrogen at 40 and 20 bara
respectively.
After a reaction period of 1 hour, the reaction was
25 discontinued and the contents of the autoclave were
cooled. The acetylene conversion was 100%. The product
consisted of 74 mole% t-butyl i-formylpropionate, 1 mole%
propanal and 25 mole% t-butyl propionate, prepared at an
average rate of 620 mol/mol.h.
Example 8
30 Example 7 was repeated, however, using 50 ml of 1-
BuOH.’
After a reaction period of 6 hours, the reaction was



Exanple 7 Exanpl e 6 was repeated, however, using carbon

nonoxi de and nol ecul ar hydrogen at 40 and 20 bara respectively.
After a reaction period of 1 hour, the reaction was 25 di sconti nued and
‘'t he contents of the autoclave were cool ed. The acetyl ene conversion
was 100% Hoggruct consi sted of 74 nol e%t - but Ypermepesnssts
1-fornyl pr-(%t??)nate, 1 nol e% propanal and 25 nol e%t-]t.)utﬂ
propi onate, prepared at an average rate of 620 nol/nol. h.
Exanpl e 8 30 Exanpl e 7 was repgated, however, using 50 ml of 1-
BuCH. ; f.t.er. 4a L0 j f h e . reaction was

d%ar
BUH g discortittled®abaChd bR o8 cReNQU S I8 JBACL

- 12 - di scanrdisthedPgndcehrelenmiaanversionhwagul 2% avihevmmedustol ed. The
aceiy: enfe gml is't@mf &S 630R80 e flﬁ;d@ft@iﬁ%&etﬁ@“éfs%}ﬂ%lfflﬁo ol te‘%l) bu]E anol
acetal o - _far ropi onate, u mol e% but.ano) acetal o
pr opanal anﬁ%ﬁ‘i’#&%’%?%h?m ?‘gtpisgﬂ}f?[(?,% %Pgﬁﬁ?£oa%ﬁtaaln° verage rate of
100 n®l / nol .Bropanal fndsadSeralgh ds butivdsprapéonate, ttregerecess ab t he

invention Mawedage Raressd i®o MENAA .garbonyl ation- hydrofornylation
products with aT%%%g g%&%ples illustrate that the process of the
invention may also be used to prepare carbonylation-

hydroformylation products with a good rate,
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- 13 - CLAI MS 1. A
process for the carbonyl ation of acetylenically unsat ur at ed
conpounds by reaction with carbon nonoxide and a co-reactant in the
presence of awoaba#sgst system based on: (a) a sour c@®CHEPR/RSETSNUM
(b) a bidentate 5 | i gand of the formula

RerrJ]Rerr]Merr]-RMerr]Rerr]R err], wherein M er+}-and-Merr]

i ndependently are P, As or Sb, R repr esenft-% a bival ent ted
or non-substituted br| dgi ng group containi ng Umm“t“ﬂ H“f
the bridge, RL and R2 together are a substi t ut ulss rtuted

bi val ent group whereby the 10 two free valencies are linked to Merr],
and Rlerr] and R err] t oget hél Lade IaMsfibsti tuted or non-substi tut ed
bi val ent group whereby the two free valencies are linked to Merr]

R3 and R4 |nde n ent IQ/ are subitltut ed_or non-substi -
tut ed hydrocar Byl &rBﬁBge IntPY P& SEEPE¥ 1B 1 ghi Ynfcetylenicadly A process
as clainmed in clrEaturatefiecenpounts by reactiaortwilienicalbon mosakidat ed

e A e in S O S,
unsat ur at ed comARF gﬁ a?k?ﬁib“}’?a\ﬂfngliémum' fRlo@ »1 ngaéar bon at ons.

4. A progess aslm_:jaandrredf the afyrmfl e [RARABILIRINZRAES ciwherein M1 hh& M2
co-reactant is %d%é@rnh@ﬁ}:i?“&?@ %m}(so asBUChGPéEMSAe%&s a b.w goqpound

havi ng at | east cess~as clained
in claimd4, whelbshithyEedsor n°“Tﬁi@%ﬁHFFficb’ém@rPé*Paﬁanééhbng havi ng

fromlto fronb 1ICapbBnagdbmBin the bridge, ARbrameS@ asgekhefedrénacl ai m
4, wherein the + d ok 3Gt A deS £ gcyi dr
process as cl als:;rleg |1ﬁu§ea|%1 eréﬁ% ared g‘}%‘ﬁg whex Fb?’st%oth a

an al cohdl havit®y frém Ia}%n%l%,ag@n hnked t°eff 0@%§3nﬁpécﬁﬁar hydr ogen.

together are a substituted or non-substituted bivalent
group whereby the two free valencies are linked to M2 or
R3 and R? independently are substituted or non-substi-
tuted hydrocarbyl groups; and {c¢} a source of anions.
15 2. A process as claimed in claim 1, wherein the
acetylenically unsaturated compound is an alkyne having
from 2 to 20 carbon atoms.
3. A process as claimed in claim 1, wherein the
acetylenically unsaturated compound is an alkyne having
20 from 2 to 8 carbon atoms.
4. A process as claimed in any of claims 1-3, wherein
the co-reactant is a hydride source and/or a nuclieophilic
compound having at least one mobile hydrogen atom.
5. A process as claimed in c¢laim 4, wherein the
25 nucleophilic compound is an alcohol having from 1 to
6 carbon atoms.
6. A process ag claimed in claim 4, wherein the co-
reactant is molecular hydrogen.
7. A process as claimed in claim 4, wherein the co-
30 reactant is both a an alcohol having from 1 to 6 carbon
atoms and molecular hydrogen.
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- 14 - 8. A process as ¢ ' clainms 1-7, wherein
conpbnent (a) of that catal yst sy Eﬁﬁ l“ mm a Ic! organic
pl ati num conpl ex. sS as«clanmed in any of clainms 1-8,

wherein 5 wosrnaesrponent (b) of that catal yst systemis begapotissiz

bi dentate |igand of forrmula wherein Merr] and Merr] both

represent phosphorus atons. 10. A process as clainmed in any of
claims 1-9, wherein R in the bitentate |igand of formula represents

an alkylene ), A proeesp S9NBifMe ihr aﬂylofocﬁaﬁ@gbpfv at fé% g the
bridge. 11. A Eagcegs as cl%l d.1n an Ialms 1 8 wher ei n
in the bident éjtmé)olnegan £F ol £2 ag‘ﬁ'??:rfy?‘b%‘% W%%@F‘r]

and Rlerr] t SySERdC mﬂ-ath{uerm}ﬂ}plmeqor esent a cycl oal kyl ene gr oup

containing from & (e g ggn;gsaé% 1 e |med in any
of clajnms 1-11, b O N ed §n an¥ate ?%%F\éé%i s%stﬁ’%e[%?%g and/ or

[4,2,1 |sor’ré:r°mp°nent QB? qf 21:1135 %%@gsbhﬁg%‘['%l’fﬂl AFGh P at hane or the
[3,3,1] and/ éridestate] ligamdrobifckn@lR, Rhebeif didreidty M2 both

phosphabi cycl.Qnoawkhet BRS h@ﬂ: 3. A process as clainmed in any of
claims 1-12, t%)erel n B 5 Y aé:r?tran%t (c) of the catalyst systemis based

on an ani on 10- A PTREGFHAS %“’Fﬁe&é‘u?’éﬂ of dlnims A-@.i wheaesn)Rof | ess
t han 4. in thé. bAdpnbveessligrmd anfrrédrmmla:lﬂme&nwahehmke}@gﬁ@nent

(¢) ofpthe cafliySkon¥ataihd SeliP el £8" 33008 AR Of (Be?Brsgoe, LOW S

acid and a Brons acl process as cI al m 14,
wherein the Béwi & Process agigiaiged F\{‘IW)‘Yc‘Piﬁ oHiad@s 1-10, wherein ‘
in the bidentate ligand of formula , R! together with RZ2,

and R3 together with R%, represent a cycloalkylene group
containing from 6 to 9 ring atoms.

15 12. A process as claimed in any of c¢laims 1-11, wherein
the bidentate ligand is the {3,3,1] and/or {4,2,1} isomer
of 1,2-P,P'-bis{9-phosphabicyclononyl}ethane, or the
[3,3,1] and/or [4,2,1]) isomer of 1,2-P,P'-bis(dimethyl-9-
phosphabicyclononyl)ethane.

20 13. A process as claimed in any of claims 1-12, wherein
component (c) of the catalyst system is based on an anion
having a pKa {measured at 18 °C in water) of less than 4.
14. A process as claimed in claim 13, wherein component
(c) of the catalyst system is based on a combination of a

25 Lewis acid and a Bronsted acid.

15. A process as claimed in claim 14, wherein the Lewis
acid is tin(II)} chloride.



