P 002 ~ sl »70 s7781~i . ., ~.
AX 31 70 37 CPAJ~1D March 2004 1 TS 0937 PCT
PROCESS FOR THE CARBONYLAf I ON OF AN ACETYLEN CALLY UNSATURATED COMPOUND The
invention is related to a process for the - carbonyl ati on £f marh 2004

cocr e MBMUMIIG - 2cnce o™’ car al 35t “System based on () a source of 5

. platinum,Rl« @a source of anions and (cj a di phosphine,_ The_inyention is
especially directed to a process in which |inear carbonyﬂiLEgﬂ_p§SEucts are
selectively prepared, In view of the fact that for a nunber of outlets the
10 availability of linear, rather than branched carbonylated . products
woul d be desi pablcgsseFQR THE! KARBOMYAAITIONN 8T Adlo ACETYMEY ICRLALt er gent
conposi tions, efforts have been Q i.ncrease the selectivity with
‘respect to |inear carbonylatpy§Ag%g§E SQO&E§QN§421585 descri bes a process,
15 wherein use is nade of a catal yst system based on plati num a .
bi sphosphi ne Iigand and a source of anions, typicalkg a strong acid.. A

di sadvant age dfhd hirsrepridicessid salatted Ho #ctiihagsoffahidgat al yst system

i what low, being in th f. 20 t0 .200 - 20 nol
b por ho TR A A1 AR L G b sitte (TR B et 2D O 8
activity i F&g&%’&ﬂ‘ O My A8 Qond il kot | Atd i e crarat Vrershan th

|

car bon nonoxi de and t-butyl al.cohol is described using a catal yst system

Consi st i ngprefsehca RE R a6 ¥ hEitemm based Qrondiy|d svstE & the | gand,

plati nun(1 1) (acetyl acetonat the t. o] , g sulp acid
asgt he anPd®otH¥e, (Bh@ Zg%é?d’zezacgf é}ﬁroﬁ{%xag{r%rr?acﬁeg Qﬁ.ph@’sﬁﬂzﬁ} e~~~ ~~ 0~,
2002 ' . phg-ifdvention -is especiallyndirected- to aHpdfomess in . _
aESCP~MD 24 March .2004 - la - A disadvantage of this .process js that SndZ
has to be whistentlnas o ey 'Cﬁbé’ré)r‘fi“%&seﬁ:?ols?]fcct iVity and

|l ectivity. f Snd 2 i t f db 22-10- 2001 AMENDED
;aEgg |V|%%eégy%&§§ o] | n is not preferred because

In view of the fact that for a number of outlets the

10' availability of linear, xather than branched Carbonylated',
bioducts would be aesirable, e.g. in the preparatiop of
_components of detergent compositions, efforts have been
made to increase the selectivity with respect to linear
;arbonylation products. WO-A-9421585 describes a process,
15 . Wwherein use is made of a catalyst system based on
| | platinum, a bisphosphine ligand and a source 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 pex

20 mole Pt per hour for acetylene as reactant.
A proceés having a higher catalyst activity is known

from WO-A-9720803. A carbonylation of acetylene with
carbon monoxide and t-butyl alcohol is described using a
catalyst system consisting of 1,2-P,P’-bis(9-phosphabi-
25 cyclononyl)ethane as the ligand, platinum(II) (acetyl-
acetonate)2 as the platinum source, methane sulphonic

acid as the anion source, SnCly and 2,5,8-tri-oxanonane.

R
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su vsxnirihi~.,.~.-cAX 91 ro

- when perfornmng this process
be | ost due to al cohohysis. This is not
desirabl e because new SnCl 2 has to be added and the tin aI59§Mﬁ§1i@mmed

wi |l have to be discharged resulting +nlebwvi ous 5 environnental problens.
Furthernore when tin al koxyde is renoved fromthe process by neans of a
purge additional dgatsdw: bLl sbe t i.s t:herefore_highly desirable to
perform such a carbonyﬁiﬁ?%%ép?gcgéggiﬁrgkgsgbgg%dég%ﬁ §$¢92h 8Fi 8e
conpounds bekerez@nt kD 7 esari ar bonyl ati on of
propyne . with CO and nefﬁgﬁgfﬂsgiéggééggtg y§?§%§§¥§ﬁﬁ%d%§P¥Y2%§ 8hd

pal | adi um §elpcidaisye, Tephenydf 2SpPt pdyk) pbes Prdres an r’@é@gﬁlf:é, ul fonic
acid. A disadvantage of this process is that the nono phosphine Iigand is
consuned in the 15 process by 'quarternization' of the ligand with the
acrylate product. A further disadvantage of this process i's that nostly
branched products are farned. EP-A-044Z445 describes .the carbonyl ation of
et hene and the carbonyl ation of propyne with CO and a hydroxy 20 group
cont ai ni ng conpound using a catal yst system consisting of palladium (I1l)
acetate,.a sul phonic acid; a bisphenyl (2-pyridyl) nono-phosphine and a
tertiary amne as pronoter. A disadvantage of this pracess is that a
pronoting canpound in the formof a tertiary amne is 25 necessary. A
further disadvantage of this process is that nostly branched products are
. formed. wO-A-9842717 describes the carbonyl ation of ethene with carbon
nonoxi de and net hanol in the presence of a catalyst system consisting of
platinum (I1) (acetyl 30 acetonate? 2. 1, 3-P, p' -di (2-phospha-1, 3, 5,
7-tetranethyl 6,9.20-tri Qxatricycd.ot3.3.1. 1{3. 7} decyZ) propane and

met hanesul phoni ¢ aci d. “The publication dose riot disclose ~, ~~f ~~r .
~- AMENDED SHEET, ., 522 '~",'0 f~00' ~~ Prn~ed ~ 7 Q- 2p02 ....... o ..
; .~~ ~1 ~0 37rsml DESCP, AMD."~... - 2a 24 March 2004 that

acetyl enically unsaturated conpounds can be caxbonyl ated using such a
catal yst system The object of the present invention is a process for the
carbonyl ati on of acetylene to linear products, which 5 ~ process can be
perfornmed in the absence of SnCl 2. Such a .
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odescribed bel ow. ProgesgX ¢ car bonyl at zon of an

a;xx lﬁESﬁt yfaterd conpolmd-hyfeaction with carbon nonoxide and a
in the presence of a cat al yst system based on (a) a source of

platinum (b) 10 a source o anoins and (c) a di phosphine 04 Q&rd3doqW nNg

formul a AMENDED SHEET .. . m . m. iw WO 01l 28972 24

March 2004 R1>P- R~- PR3R4 (1) V\/nerel n R2 F-epresents a coval ent bridgi ng

group, Rl represents a bivalent radical that together with the phosphorus

atom {0 whi2el bebsodkiashed: bopanc00L! 003k | kofts 2HOSLL thERler sncy

2- phospha- t/ ecyl group or a derrvative There i'n

whi ch one ¢ 951068 S’BBR%hGuEa{:QOHléBH& yate replaced hyhetel 14T ( 2- PA"
group), erein R~ 1 ndependent |y represent univa radi cal s of
up to 20 abecauee newnghQlpohas at bi bal eddedoanddtbal tof mbkcuxydze) atons.
Wth the above process the carbonylation can be jgerforrred with a good turn
over rate, farmEghWSéleb§V9|t9 pe ghechresrdaresy bbby ad® P PFBFCt s and in
th absence t t gand 15 is
stabl e avef” lﬁ? %ﬁtae% %g%éjé %f hﬁfﬁ%ﬁ@:ﬁ?ﬁ% Vl?é&\p/gtréﬁgéu%&@/deéfe%: use in a
cont i nuousj:ssmepeﬁafedncom;pmaésapw ineatomE T @m@[aa:mmor&l?}] decane

is the systematic nang, for und r ner no anmant ane.
20 There?o@étaih%t o‘ﬁ’t*%n%?l@"%ﬁbs t 118 g%\er ore thl 4l it
2- phospha- £6'%¥EE8£:§ %éh%%gﬁﬂ&%@NAtﬁz@l&d&éés hin referamiknce ag " 2- PA"

group (as 1n phosphadamantyl group} throughout the specification. The
2- PA groupthascbl@t:e(ﬂ@bﬂ:@mm 45 okigfe htteraat oms 25 ot her than the

2- phosphorus atomin_ it | et on. Suyi.table het toms e _oxygen and
sdPhur at oms. UBTATH -H%/js fr@%%“r& g%{}eor&arfré"foa\(.lhfc?q Y gogy%% and 10
posi ti ons. Tgﬁ @@Sincﬁ’rrﬁé@:ﬁér%jl hivelen dadinat |S§j§thﬂn consxstmg

2- phospha t et ranet hyl 9, 10-tri oxadamanty lg ?gp Pref erably,

the 2-PA g:vf)upalba@mmt [Tt exc o tohe tb‘rsPiﬁﬁ"éY]o(fz"tWéJidy sghifenositi ons

w th a nonov Ien t AU a g/ R € A h 18X @FRlces s0f RS

i ncl ude .me®hy1™ ﬁ‘?r? &%ﬁc%t rgxc?yl,Qs phenyl, ag and 4- dodeygel phgnyr Nbre

pref erabl yistﬁ@ag ﬁpegﬁ@mrp) plso sphuimne i Hegbndy i ¢ TGO DESCIARD i , ~U' ~. . "i -~
814 rCh 2004 - 4

St}l?stl t ut RE@RE SRV o ‘K"H%rlﬁer’%lza}’eﬁ{b ]fpotsr}etl r?sand swd'l?tihab y with identical

radical s Rgerylate product. A further disadvantage of this process

is that mostly branched products are formed.
Ep-A-0441446 describes.the carbonylation of ethene
and the carbonylation of propyne with CO and a hydroxy
20 group.containing compound using a catalyst éystem
consisting of palladium (II) acetate,.a sulphonic acid, a
bisphenyl (2-pyridyl) mono-phosphine and a tertiary amine
as promoter. A disadvantage of this process igs that a
promoting compound in the form of a tertiary amine is
25 necessary. 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
catalyst system consisting of platinum (II) (acetyl-
30 acetonate} 2, 1,3~P,P’-di(z—phospha-1,3,5,7—tetramethyl-
6,9,10—trioxatricyclo[3.3.1.1{3.7}decyl)propane and

methanesulphonic acid. The publication does not disclose
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iwrmnoval enL 4qdl cal y i ndependently be sel ected

2 l@tﬁt@d carbyl uch as, or instance, nethyl,
phenyl , pyrldyl or v o-di(t- butoxy}phenyl and (substituted)

het er ahydr ocar byI groups such as, fox instance, .trinethylsfjimlchorooal koxy
groups. Alternatively, R3 and R4 may toget her form a bivalent radical, such
as 1, 6-hexylene, 1, 3 or 10 |; 4-cycl 8ctyJ ene. Preferably, R3 and R~
together with . the phosphorus atomfarma 2-PA group. Nast preferably R2

connects teMatd derdtiydanically gmAaidirated COMPQBINIGHR) /P fBup RZ can be an
organi c bi vaI ent grou harl ng..u ';é] :E%?ég)l es of such bridging 15
gr oups ar €K ‘P %’l?q%ocen %e a ‘R2 has 2 to 4 atons in
the shortest ahaj %bgfec%t‘b@tdt'er eqielsentd mﬁmmwrngsthegmqﬂmsﬁﬂmrus
atons. Most preferably the nunber o _atons in the shorcéfst chai_n qf atons

d| rectly advenestdbogytiiza itowo ofh et rlﬁé"eattd’rnslﬁf’sea? B Yol YR atons in
chain are carbon tom; £ _pr. r are ortho \
fy et BAFE Sa gt A= ﬁﬁ% e dodhe aﬁs%rnc%d St

gr oups. sultab e exa )l e of such a
Ilgand is _one accar di f-ql kO WPG, Qane Ry fﬂ{é’l‘t&%b Rk Rs. R
RS |2) 25 BERSRFCH SR e%ﬁgqﬁfqggn e as?}g)escrl bes above. AVENDED SHEET rqa

Py ~o&F amr “a‘cca't:lyl'ta*.mic:l.ar.My~ u:woat)zzrateci~ comporlylded:y ];‘pé(«pt:g.ogboz
DESCPA,M-. _ n wrv~.? ra 3~ g’ l}{)t?frch 2004
¢

Exanpl es oflth icgahes mnﬂ‘i‘lﬁ’ﬁy ab"él &Sgg-xrﬁatcﬁan& &(?estshea orc? ng to the
I nvention ar %t%)iwl ifjsedni Balsk@ @hOM@) a source of platinum: (b)

10 .~ a source of anions and {¢) a dlphosphine of the following

formula
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AVENDED SHEET WD 01/28972 5 24 March 2004 cited WO A-9842717. Most
preferably 1,2-P, _ ‘

P - dwo?%zgha- 1,3,5,7-tetranethyl -6, 9, 10-tri oxatricyclo[ 3. 3. 1. 1t 3. 7) decyl
)ethane (DPA2) and 3 . 24 March 2004
1, 3-P, P di (2- phospha-1, 3,5, 7-tetranethy.|-6,9, 10-trioxatri 5

cycl o[ 3. 3.R'|.1>'|.§_3R7)_§§Gﬁ|4) propane (DPA3) are used. For the prepardthon of the
catal yst systemto be used in the process of the invention, the anpunt of

bi dentate |igafdeisisuiRifaigpmppines &ncovad eaxcbsd dfinhegnowpnt Rof

pl ati num expressed as nol es of_biden e_liga I m of

pl ati num TRRIBBENTE Spdies© %v@@gf’%gﬁstbsgi g\%@%%thoe]%e%}gegﬁgn an

equi nol ar Lok o 0fi sbiadesit ate wih pendi pel smake aphatd rismarThust i ohel byl ar
amount of "bidentate |igand per. nol e, of El ?SI gu?sils su7i tadbl%éi'n t he range of
1 5o 3, preflesbbiytp Lr@hesRR2 BFTACYEL01318  As Iidgd ldE IR SHRER of
platinum Ji.e ,dggmgrpﬁ% (tHe Aot hen CRhaEYSbngy Sire o @Yo P i num conpound
al | owi ng conp?em ng between the netal and the bidentate Izpéggnd may. be used.

i
Sui t abl e cospipomdstams fagie iTRRkARed R¥t BEFRECBERFSnUMZ Z&t oVEI W) pl ati num

20 conpl exes, such as tetrakjs(friphenyl ghosphine) plati . tra- or
di val ent AR i WaRTSaRt §.% 59 a‘%‘ft i%fgﬁ’%Pg‘b&%{’Eﬁﬁan)Pfe§§|“rt2Lﬂz§rﬁe‘?é;lﬂe|’§§b| e,
such as di pot Assi UMb L@t HAEYANQDE Gthé Nat €5 odh8lgi oty acyexiopitat i nat e,
di potassiumtetrachl oropl ati nate, potassiumtrichloro 25 (ethyl ene)
plldt i nat e, radicam oFfi & & AtdyPBhe) pl atinate, :
plati num bi s( bepze | sl phed £ end phabbAyTERiE Gt Idaphey| phosphi ne)
Bi sul phate. Sa fggo?ﬂ%l %ﬁoﬁm%va th carboxylic ac?ds in particulagr wth
car boxyl i et dsmbdviighf ForacDd CUPN CAYBBNratBnsad ALEN3E SHSST H b e,
for exanple pl.atinum.di t | at4 LEhepLopake sand Hl atsuH®
di hexanoat®® @%aﬁ?élﬁﬁggﬁ?ﬁeﬂq %%in%#erégs are pref erlabl ¥ﬁapplsi ed eas
source of ¢ a$noOUs prahiasufddyhewerse deeennbeenderhgtpdns ddigandy
sui t abl e. w0 ol 1z897? 6 24 March 2004 The nolar ~armu‘nﬁ<.0f arjci p%flper nol e
ofLSpl at i nuins | St zbheenvent 1By PFAIGRIRF iIRETHedr QhgeiBf PGl préfer abl y
the anion is. appljed,in l-ary aBHKE N PoR | epotapkat commerzitle range of
Zto B 5 sl"h]ét%?%%egg'rofl%tegr?r?venti onni S ?:g}f)r?%d out with j catalytic
amount s ofappikei catabpst system i.e. per nole of acetylenically unsaturated
conpound, Q0'8§ to 10s1 l.e ;of IHER A5 PL £SERL . sPEebRrabkynbem 10'i to
10-2, on the %rbc%‘?i%%gqfo%%é@dgﬁ}gl ystérZ?/stem; us%g in the process of the
i nventi on £onPd | sempbunthenre g lofy oW a8 2OAPBREANS(D). It is
believed that:the size. of the ani ang. Lshry byt bennatrekecknicc charge
i #% he aniGHFEFERFET cARE fp.tclc?%{grlﬁ{}’ute t§o f g*%%a%i#?tyﬁof the gat al yst 15
'system [ PreferabBy7 1qeieayd mumedilhare arefeheed EonpEgat ed base of

aci ds havi K d at, 18 f t it abl
i ons T R s R R A 4 Fran e Sy Bot 629) | BARoAonSUL 81 €

5 b1 ST Uk Srmt by ) Brroc AC1A o L1 {lHotpAFetlE AGLdsoaRdnkr om

sul phoni ¢ aci d%bes%tﬁxagrﬁéphg’r?ésﬁ:ﬁ%ﬁa@i.y a%é)%f%ﬁ#f RELEro2Bnb

t pigf | uor ongthapesyl Rh@RC 2aghdbsphorus atom in its skeleton.
Suitable heterocatoms are oxXygen and sulphur atoms.
Suitably, these heteroatoms are found in the 6, 9 and
10 positions. The most preferred bivalent radical is the
2—phospha—l,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 R3
include methyl, trifluoromethyl, ethoxy, phenyl, and
4-dodecylphenyl. More preferably, the 2-PA group is



L Hh

acety a6 1ich may suitably be enpl oyed as
Gig2RBRaKi ol 76 nTEdd1pr ocess 287 he i nvention, include conpounds

'ning from2 to 20 carbon atons, optionally containing one or nore

inert substituents, such as hal ogen atons or hydroxygroupsy4 Ragdheicaal y, the

acetylenically unsaturated conmpounds has from2 to 8 carbon atons per

mol ecul e. The acetylenically 130 unsaturated bond is usually the only

carbon-carbon unsaturation in the nolecule. In view of the envi saged

prepar at i Qpft iRl o ReRh & oy l1gt &) [ aduct?s pdsti tiiona,ef er abl y

| ocated at a termnal position. Exanples of i suitable acetylenically

unsat ur at ¢ GRS hariel <3 iaadt yladiea let Wne) , methyl acetyl ene (=

pr opyne~, WO 01128972 24 March 2004 (. 1 -butyne, |-pentyneg, |-hexyne,

| -octyne, phel@gkacetytére ramg valendr sREBGEAYFe R Aéé‘EinRgn@aiYs 1RE€r preferred.

Sui tabl e co-reactants in.the p S L nt i r

hydrogen-E’@Hdéinﬁilﬂgb@oﬁﬁ&ﬁ?&?%ﬁ%bx}%&b%gﬁggg\é%no >2:|% grr}%llecul e and at ,

| egst Qneﬁ-}%%?g ghicgaklsy unrsatiwsakadesompatyd, caheheli, npyutieylinba t he bond

bet ween t € hydrogen atom and the nol ecul e of the C?l- reac agt. _Exanpl es

t her eof i nGloudd (habluseptl) Phenydmpatfdd SEEREATHERG) at*®IFEZTYERE "nobi | e

hydrogen atom ,1Q _Preferr cl egphij his¢ apeapovrdsmeitAgiludeyivater and

al cohol s, Cé‘%y,l %ﬁggfdfsiu%%a{%éhol S, sacﬁ as net hanol (?I et hanol , i sopropanol

and 1-but gg_%ox}ﬁﬁgoﬂgs)[hﬂqrtieﬁ:natalv%(lbQ| 83 anehRAsmayhybgrégeycdbrm

|, 4-but anedi ol “and glfycerol; thiols; pri rrgr gr secqngar¥ am nes or am des;

15 , phenal diaadeosr adjicad radugs, afor - &x ﬁéﬁ’ ©REetir¢“ali'd, ' . pi.valic

aci d and propionic acid. Mnghydric, al cohal ayigh r car bon

atbns ar e lpdefeaiclogctiyd ep&rt i%é%&rra tyhaﬁol ggﬁd&butgghg?.%,} k?lgtﬁher ‘cat egory

of suitable co-reactants conprd ses _2Q_hwdr,i SOMRKEeS peuehras1FoREcuUl ar

hydr ogen &h& @&%B&ﬁd‘é‘scé%éﬁ)eé%ﬁ Se?\elr%ét Fgﬁg%ﬁol ecul aﬁhydroge? I n

- parti cul af,gnfed seediimntd cafl 2h@Apgroeps.whereby an acetylenically
unsaturated conpound is hydrofor %I ated, nol ecul ar ,hygnogﬁn s a preferred

co-react ant.. meFbrabiingalazeug BSnbRRabRoARPIEAREE! BISREPPE conpound and

a hydxi de source as defined y ke 8ds Lb® RLeBALeidging _
car bonyl atglr@r\lpnﬁ’@r"d'lngrr‘r% g:tol ?E’O\é‘ratg uct. %ﬁ% cgr bonyl ati on process of the

Cipyention is 30 generally 6oyl @hdowl cklelacesgtii. oRredepabdyuRe in the
range of 56‘}“@52% C,f%rggre‘_sdfirtabl ¥"| at a tenperat %r eti n tgg rgggg of 50 to
160 C. Theidstalta daetticor greddid SM0E tESFa Ry 1y OfhPIRGE 6P 550 150 bar

absol ute (bars). .Pressur 10 s2R¢ 032 .80ckar @rard dablpathiecul ar
bet ween 3¢ céfd'“@a?cz‘%aﬁ%éj E{;\% 31/038.5972 24 ‘March:2004 preferred. In

car bonyl atj b dead iadngnofit Henehysdogtest chain of atoms directly
connecting the two phosphorus atoms is 3. Preferably ;he

d-emi cal |y unsaturated £

e i 4 HE

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

fo the following general formula:

Q
00
Rﬂ . RS (2)
25 in which ®9 and RZ can be as describes above.
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type, the total presguk; sually the sumof the partia

£ carbon nonoxi de an The nolar ratio between these
ary, but is S conveniently naintained in the range of 1.2 to
2:1, Preferably, substantially equinolar anounts of carbonypRmH steand
hydrogen are used. |n other carbonylaTi%ﬁ reactions, involving no hydrogen,
or only insignificant anounts thereof, the total pressure is roughly the
same 10 as theEgaripdreaondxl ipanpdesshieh Hhe POGRSSH qnt?ﬁe inélj\:(enti on may
be carried_out .in th% absence of a separate diluent or solve “OrfSSo
desired. HOWEQEALNG B LI tidwenkhieni ere eochald tiediiuitheli Ameps or

sol vent present at the beginning of the reaction, e.g. if a volatile
acetylenic starting material is used, or if the reaction requires a
"relatively long induction period and continued thorough m xi ng of the
reactants is desirable. Suitable solvents are, in particular, aprotic
conpounds such as ethers or ketones, ?0 for exanple 2;5,8-trioxanonane,

di et hyl et her, acetone, diglyme and net hyl ethyl ketene . The invention is .
further illustrated by the following non-limting exanples. Exanple 1 (a) A
250 m "Hastelloy C' (trademark) magnetically stirred autocl ave was charged
with acetylene (1.4 bara), 30 nl of 1-propanol, 0. I mol- of Pt (acac) 2,
0.12 mvol of DPA-3 ligand (see above), 0.25 mmol of nethyl sulfonicacid and
30 M diglyne as solvent. The autoclave was pressurised with 40 tiara

car bon nonoxi de and then scal ed. The tenperature of the m xture was raised
to 1.15 C. Conpl ete conversion of acetylene was reached in shorter than 30
mnutes at 115 C and A c analysis after cooling and depressuri zi ng, showed
a selectivity of 90 nmol %to propyl acrylate. A propyl Frrrrte~l, "1*7 ~1,
202-~ m70 5 i i 8lal 24 March 2004 g acrylate formation rate of about
2D00 t.o./hr/ nol Pt was cal cul ated. Sone byproducts are succinate and

mal onat e di esters; these are due to Consecutive carbonyl ation of acrylate
at conplete acetylene 5 conversion. In a comercial operation the
selectivity will be higher by. keeping the acetylene conversion per pass
bel ow the 100% . Exanple 2 Exanple 1 was repeated except that the
co-reactant 10 was 30 ml nethanol and that as acetylenically unsaturated
conpound 10 m phenyl acetyl ene was .used. The reaction
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time was 1 hour. A phenyl acrylate formation rate of 1000 turnovers per
hour per mel Pt was cazcul ated. The . y products consisted of 52% of |inear

3-ph \g{ Oﬁgg%l ate and 15 48a of 2-phenyl acrylate. . .Exanple 3 , Exanple 2
was r éé except that as acetyl gpically unsaturated conpomaethlddoa
1- pentyne was used. The reaction tinme was 1 hour_ A pentyne consunption

rate of 24.3004t ypDALERY 2pEr7 | hws@e%r@pér%lw»a&,tzaiwé atedi 2 Thropr oduct s
consi sted oT 65% of |inear nmeth exenoat e and 35% of 2- nethyloxy
car bonyl 1ppentedesd, Ex&ﬁn@@@%rfp@@&1Q\B§IF€§é§ctréd:YeC><1<fépt that a$ |igand

pPA-z 25 E)é s}gg?gg?&\é@%ﬁae&%a@ﬁ%Le%ﬁga?t 3@ rgrethanol A net hyl

acryl ate f out ) ‘Was cal cul ated. The
reaction taie2wasospkahdui3, énﬁﬁﬁ&iﬁ&mimmybr6y9t@@aﬁdQQHﬁﬂgd acryl ate was

76 wt ~. AVENDED E 1 : d nk. ua, . R~
‘rated 1~FPAI0 égHg NS Q]GO Yy nglgse fopks) JRTE e 110 - 24
March 2004 TS @&Bhﬂ?@TpEepaAalthnSo]f d?r@omsaipstthgsmmbmwlkaaluﬁed)f an

acetylenically , unsaturat npound reaction with car xi de and
a co- reactidht”P?l PRecpFéasehc %& Vcea't C’i}%t%’ﬂ?ﬁ&% E’J(dae) aqcsour ce of
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t her eof i rbalhieshedneo odbenbreedf onh@n equimolar amount of bidentate
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.
.15 ~ As regards the source of platlnum, i.e.,

. | component {(a) of the catalyst system, any platlnum
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 tetrakls(trlphenylphosphlne)platlnum,
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
platinﬁm(II) complexes are preferably applied as source
of platinum, platinum(II) acetylacetonate being

particularly suitable.
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of platinum is present, preferably from 10-7 to 10‘2, on
the same basis.

The catalyst systems used in the process of the in-
vention comprises further a source of anions as
¢component (b). It is believed that the size of the anion
and the distribution of electric charge in the anion
significantly.éontribute to the stability of the catalyst
system. Preférably,.anions_ére'uséd that are the . '
cOnjugated‘base of acids having a pKé (measured at 18 °C
in water) of less than 4. Suitable anions include anions
derived from Bfonsted acids, in pafticular from
carboxYlic acids,'such as 2,6—dichlorobenzqic acid, and
2,G-bis(trifiuoromethyl)benzoic écid or trifluoroacetic
acid; and from sulphonic acids, such as methanesulphonic
acid, and trifluoromethanesulphonic acid.

The aéetylenically unsaturated‘compounds which may
suitably be em@loyed 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 has
from 2 to 8 carbon atoms per molecule. The acetylenically
unsaturated bond is usually the only carbon-carbon
unsaturation in the molecule. In view of the envisaged
preparation of mainly linear carbonylated products, it 1is
preferably located at a terminal position. Examples of
suitable acetylenically unsaturated compounds are

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



5. Process according to claim4, wherein the optionally substituted

2- phospha-tricyclo[3.3.1.2(3,7)~de,cyl group yr a derivative thereof in
~-which one or nore of the carbon atons axe replaced by hetero atons is a

Z- phuapbiess?s, 5, 7-tetranet hyl -6, , 9,.10-t ri oxadamantyl groups, parc®00gr 0Cess
according to any one of clains 1-5, wherein RZ has 2 to 4 atons 1n the
shortest Chain of atoms. direct]ly connecting the {wo SRRQLUS, jakhens. 7.
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conmpound has from donateysend iy asess pecedbedrrg.to claim 7,
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' Another category of suitable co-reactants compIlsSe&S

20 hydride sources such as molecular hydrogen and compounds
| cépable of generating molecular hydrogen. In par;icular
for embodiments of the process whereby an acetylenically

unsaturated compound is hydroformylated, molecular

hydrogen is & preferred co-reactant.
25 Finally, also a combination of a nucleophilic
compound and a hydride source as defined above may be

used, to prepare 2 carbonylation-hydroformylation

product. .
The carbonylation process of the inventlion 1S

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 usu
Pressures between 10 and

ally in the range

of 5 to 150 bar absolute (bara).

35 80 bara and in particular between 30 and 60 bara are
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1001 2pPAQ%d, "$ (L, tB20%R&CE) oM SEQOA TR A yelatively long
'induction period and continued thorough mixing of the
reéctants is desirable. Suitable solvents are, in
particular, aprotic compounds such as ethers or ketones,
for example 2;5,_8-tri'oxanonane, diethy;ether, acetone,

diglyme and methyl ethylketone.

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

(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 mmel of
DPA-3 ligand (see above), 0.25 mmol of methyl sulfonic-

acid and 30 ml diglyme as solvent.
Thé autoclave was pressurised with 40 bara carbon

monoxide and then ssaled. 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, showad a

selectivity of 90 mol% to propyl acrylate. A propyl
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Example 1 was repeated except that the co-reactant

10 was 30 ml methanol and that as acetylenlcally unsaturated

compound 10 ml phenyl acetylene was -used. The reaction -
time was 1 hour. A phenyl acrylate formation rate of
1000 turnovers per houx per mol Pt was calculated. The

'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
unsaturated 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 cqnsisted of 65% of linear methyl 2-hexenocate

and 35% of 2-methyloxy carboenyl l-pentene.

Example 4
Example 1 was xepeated except that as ligand DPA-Z

25 . (see above) 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 reactlon time ‘was one hour and

the selectivity towaxds methyl acrylate was 76 wtd.
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1. Process for the carbonylation 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 séurce of anions and

5 (c) a diphosphine of the following formula

r1>p-R2-PRIR4 | ‘ | (1)

wherein R? répresents a covalent bridging group, rl
represents a bivalent radical that together with the
- 'phosphorus atom to which it is.attached i's an optionally
10 substituted Z—phOSPha—tricyclo[3 3.1.1{3,7}])decyl group‘
or a derivative thereof in which one or more of the

carbon atoms are replaced by heterocatcoms, and wherein R3

and R% independently represent univalent radicals of up
to 20 atcoms or jointly form a bivalent radical of up to
15 20 atoms.
2. Process according te claim 1, wherein R3 and R4
together with the phosphorus atom to which it is attached
form an opticnally substituted 2-phospha-tricyclo-~
[3.3.1.1{3,7)]decyl group or a derivative thereof in
20 which one or more of the carbon atoms are replaced by

hetero atoms, identical to the group formed by rl

together with the phosphorus atom to which it is

attached.
3. Process according to claim 2, wherein the optionally
25 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 replaced by hetero atoms is substituted
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RZ has 2 to 4 atoms in the shortest chain of atoms
dlrectly connectlng the two phosphorus atoms. '

15 7. Procesgs according to any one of clalms 1-6, wherein
the acetylenically compound has from 2 to 8 carbon atoms.
8. Process according to claim 7, wherein the

acetylenically compound 1is. acetylene.
9. Process according to any oné of clalms 1-8, whereln

20 . the co-reactant is a monohydric alcohols having from 1 to

6 carbon atoms. .
10. Process according to any one of claims-1-9, wherein

the source of anions is the conjugated base of acids
having a pKa, as measured at 18 °Cc in water, of less than

25 4.
11. Process acceording to claim 10, wherein the acid is

" methanesulfonic acid.
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