/ .= 0937 HSHSERANIBOCESS FOR THE CARBONYLATI ON OF AN
' ﬁé&%uﬁk?gghCCNPCUNBégﬁéhﬁﬁﬁﬁhtion is related to a process

for the carbonyl ati on of an acetylenically unsaturated conpound by reaction
wi th carbon nonoxi de and a co-reactant in the presence of a catal yst system
based on (a) a source of 5 platinum (b); a source of anions and (c) a
di phosphine. The invention is especially directed to a process in which
| i near carbonyl ation products are selectively prepared, | svi f e fact
that for a nunber of outlets the 10 availability of |inear an
branched cazbonyl ated products woul d be desirable, e.g. in the preparation
of conponents of detergent conpositions, efforts have been made to increase
the sel ectivit WRAGEST g‘sﬁb‘bcﬂHE FARBARY LARIBO A AN GBI GRNEIGALIAD A- 9421585
describes a process, 15 mhere%} &ﬁ&éﬁﬂ&bﬁg §h§atalyst system based on
pl ati num a bi sphosphine |igand and a source ol anions, typically a strong
acid., A disadvantage of this process is that the activity of this catalyst

systemis sonewhat |ow, being in the order of 20 to 200 npl e product per 20
nmol e Pt per houFh@otneREyFRNES ket REHARP. 2 APPPERESSIRAVIRG a hi gher

cat al yst actj ' f : at Lo, acetyl ene
wth Zarboné%%%%ﬁy%%tgﬁgm??b%?S%EgFé%%é%gggﬁﬁe?@%?gggggé?nsegpgg?glys¥
system conshgtragebiod, i fh Carbos(@opbpighabnd28 cyckeaohghieihabkeas the

i gand, platinun(ll tyl acet opat the.plati th
Sul phoni 0 RFTEERCE 16F oy SRS CUP Loy SheR ooRa 008, KA 11 BRARGReRE, | AVENDED

SHEET -plavidufl} seslyant 386reé bhi snpsR§essdi scf hat dbprddphaset o be
present i'n order to achieve an acceptable activity and selectivity.. The use
of SnC Z i Thwtipversierdpeespeeially directed to 3 process in :

which linear carbonylation products are selectively

prepared,
In view of the fact that for a number of outlets the
10 availability of linear, rather than branched carbonylated .
products would bs desirable, e.g. in the preparation of '
components of detergent compositions, efforts have been
made to increase the selectivity with respect toe linear-
carbonylation products. WO-A-9421585 describes a process,
15 wherein 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 systém is somewhat
low, being in the order of 20 to 200 mole product per
20 mecle Pt per hour for acetylene as reactant.
A process having a higher catalyst activity is known
from WO-A-9720803. A carbonylation of acetylene with
carbon menoxide and t-butyl alcohel 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)? as the platinum source, methane sulphonic

acid as the anion source, SnCly and 2,5,8-tri-cxanonane.
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zperformng -t his~pro *ﬁfﬁ“:ﬁ”$*'“ i nuous manner 5nCl2 will be
} cohol ysi s. outl-destTabl e because new snC 2 has to be

added and the tin al koxyde farned wi Il have to be discharged resulting in
obvious 5 environnmental problens. Furthernore when tin al koxyde is renoved
fromthe process by neans of a purge addiei onal catalyst will be lost. It
is therefore hi%rl dﬁgérable to performsuch a carbonyl ation. process in
the absence of # ricHdvintagenpsuntss! ble Gl 313
descri bes tgghéfrbonxéatlonngf pr opyne R|th O aﬁ%o%% %E @Ff%s ARG 50
cat al.yst sy IeEEIstimgondepat badeHieikl kna
bi sphenyl (2. pyr C%ﬁ-é’) hos%e and net hanesul fo%ﬁ:@éﬁ%bli IRt 5881 of
this procesS i F HePoSHhFRELDi dantioits pamfeimet | e & A8 d 5
process by 'quarternization' of the ligand with the acrylate product. A
further disadvantage of this process is that nDstIy branched products are
formed. P-A-0441496 describes .the carbonyl ation of ethene and the
carbonyl ati on of propyne with CO and a hydroxy 20 group containing conpound
using a catal yst system consisting of palladium (I1) acetate,.a sul phonic
acid, a bisphenyl (2-pyridyl) nono-phosphine and a tertiary am ne as
pronoter. A disadvantage of this process is that a pronoting conpound in
the formof a tertiary amne is 25 necessary. A further disadvantage of
this process is that nostly branched products are fornmed. WO A-9A42717
descri bes the earbonyl ation of ethene with carbon nonoxi de and net hanol in
the presence of a catalyst systemconsisting of platinum(Il) (acetyl 30
acet onat e) 2.
1, 3-P, P -di (2-phospha-1, 3,5, 7-tetranet hyl 6,9, 10-tri oxatricycloj 3.3.1.1(3.7)
decyl)propane and net hanesul phoni c acid. The publication does not disclose
AMVENDED SHEET P - 2a that acetylenically unsaturated conpounds can be
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‘PERF §haising such a catal ysheayg Ap The obj ect,of the present
py A BVERELQN S SL aABr aces 77ed Lt he ca@%@ﬂy%aww@ of acetylene to |znear
products, which 5 process can be perfornmed in the absence of SnCl 2. Such a
process is described bel ow. Process for the carbonylation o an
acetylenically unsaturated conmpound by reaction with carbon nonoxi de and a
co-reactant in the presence of a catalys -system based on (a) a source of
plati num (b) 10 a source of anions and (c) a di phosphine of the foll ow ng
formula 1. whéf QYRR RIME B2okE3R4 ihlh WaatehnoRs ﬁﬁﬁh@§e§h§l? :

" covalent bridging group, Rl represents a bivalent radical that togefher

wi th the phoesigHotses latsamce wo el cohollysast athéd is aptoptsQpabhy 5

_ substituted,2-phospha-tricyclo[3.3.1,1(3,7}].decyl group or_a derivative

t hereof in ﬁﬁf%ﬁsﬁngegrsﬁgﬁé gkstﬁg EﬁrﬁGthtB 5&6 t&pl atkaxpge
het er oat ons " 2- PA" .gr0 nd . el nd R4.independently represent
uni val ent rggféﬁFgwégluﬁg%S 38 §?2§é58ﬁaFgFﬁtF§s?6#hPa vaS?Eﬁ%uﬁO radi ca
of up to 20eatdr®nméhthlt beobhewe.pracessrinbes CRREONYL AL b DRo £dde bes '
performed with a goad turn over rate a,high selectivity to the desired

car bonyl at i GATEVEHUEFSMahfi® REPRES ApR¥nERA | _ |
found that theahigandi1® bs $bablerpves @h@f@f@f‘é’?ﬂi%%@e?f:féﬁi@ maki ng

it very suitable for use in a continuously operat

Tricycl o 3. 8o1pet3oTh] dechna tarbheyiytienaprecassnein otha sovpuemdiore

general ly k Jhere the optionally substituted
SRR RT BRI d0 Thes chices

2- pho . ; decyl grou MLII be referred to as "2-PA"
groyp .(as in Z-BBoﬁpb@gggﬁ@taéésaf%wg £ 44 Quphoalt 1 he Spest Iﬁhzg:ﬁﬁy‘r%n- The

2-PA group has preferably additional heteroatons 25 other 1an "t he
2- phosphor usithofivi andt sethahed onslgnia d @ hsteravsien consiebigen and

sul phur atons. _Sui |y, S oat o, )L int nd 10
posi tions. gﬁepﬁ#s'%gg?“ﬁf é#?gdg%%% ée’nﬁ%%%{aﬁ {églﬂlﬂreld}“rb%c%ph%’n%

2;\ phgsgga- 1a3d5m§th3ﬁt1)éalﬁbfhlyie 65 @1.d 0-A rd Dxeathesrery f gr/]d aiﬁ) ’tg'rimé@nrder?eesfser abl y,
the 2- ‘group. J s supstituteq on one of, nor of the 1, , 1 <pOSftI0nS
With-a monobs] ERRE  BAP (PR BIRINAS HHIDAe SRR Sl of RS

i nclgude net Bybeeks i bl UOKQEEE divh iz 2t iy o Phatwy |11 g 4ridodeqd phenyl . Mre

preferably, the 2-PA group is q )
acrylate 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 contailning compound using a catalyst éystem
consisting of palladium {II) acetate,. a sulphonic acid, =
bisphenyl{2-pyridyl) mono-phosphine and a tertiary amine
as promoter. A disadvantage of this process is 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 methanel in the presence of a
catalyst system consisting of platinum (II) (acetyl-
30 acetonatet?, 1,3-P,P’~di(2-pheospha-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

AMENDED SHEET

Faofanmesigi e o unis (vewve

$ ehcpopurge haddi tkenRt nore been

rcial application.




?,Aonh eaciyRiqt he 1, [3 positions, suitably with
di'cals R5 Each of the’ “radicals R3 and R4 may
rodependently he sel ected from (substituted) hydrocarbyl 5 groups such as,
for instance, methyl) phenyl, pyzidyl, oz o, o-di(t-butoxy)phenyl,

and. (substituted) heterohydrocarbyl greups such as, for instance,
.trinmethylsiiyl or al koxy groups: Alteznatively, R3 and R4 may together
forma bivalent radical, such as 1, 6- ene, 1,3 or 10 1, 4-cycl ooctyl ene.

. hexy
Pref er abl v, tFe" ARPTYL $ et hor YRIF Y FRE§M o<pMRP ¢RAR: 681 B8 m a” 2- PA gr oup.
Most prefer ; i td = s. 20 connecting the
P S oA SUW G Snd meﬁ%y&ﬁlﬁﬁg@%&. g

two ghosphorus at'ons. Most preferabl atons in the shortest
chai n of atons The edjsctcafhddtie mradett viopdrosiphorus atpnecess for

Pz ef bl he The bridqi, ) , i i val ent
avi g up (SR S e BT g G RIS 1 o By and
ni ckel oceny @ cd¥f Pl f& fme tih 41 WBsdritd Nee shetpstsdhia of

atons direCtly atons In the chain are carbon atons. Exanples of preferred

bri dgi ng grHise sy 6 Ordd¥rviad belidw. e el tdr NEHd1Yd Bftsorgy Diison A
sui tabl e exanple of such a.ligand is one according to the fol|low ng general
formul a; RofRarRagriylEpigais ) MGAOH a2 RPIROWKh Bt 2R i bes above.

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

a catalyst system based on (a) a source of platinum; (b)
10 a source of anions and (¢} a diphosPhine of the following

formula
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- 9a Examples of ligands which may be used in the process according to the
invention are exenplified in the above WO 01/28972 5 cited WO A-9842717.
Most pWwerdrapizy 1, 2- P, : :

P' -di (2-phospha-1, 3,5, 7-tetranmet hyl -8, 9, 10-tri oxatricycl o[ 3.3. 1. 1( 3. 7} decyl
) et hane (DPA2) and

1,3-P,P‘di(Blpmmﬂﬂﬁ23§3?5,7-tetranethy|-6,9,10-trioxatri 5 (1}

cycl o[ 3.3.1.1(3. 7}decyl ) propane (DPA3) are used. For the preparation of the
catal yst syst em"&afel s % ,rePﬁe%ﬁ'Etﬁr G & pfeTheP FhunRPoA T Re g‘r@Dunt of

bidentate | &%g&@.ée%ééii 4 abh ¥a 2Rk 4 di% S0NE, BXCesge Ohe thRiampuRL Of

pl ati num expressed as nol es of bidentate |igand per 10 nol e atom of

pl ati num Thaocgphiora speePBstohBRéFlr 11 g Dt d ol heabasPdionzany

equi gol ar a .qf .l dent hgand ; Bl  plati pyny ; Thds. 1t el ar
armu%? of blggeg%%éﬁéﬂ%&gia%dﬁ%gﬁbh%l 2(}3% ﬂ:ﬁu:‘?n:?si Q%'i t}a ?5 Fn hg ange of
1 to 3, preberabldeiivativeahyerepb £l imo whickb o regyaneset fé §barce of

plati num i .e., conponent ) C lLyst ny_plati onpound
al | owi ng coﬁSF?Qinnnptboértl?/\eae{ﬁ?t ﬁgg%?gld g’h’g r%é_ﬁcee%%/a en atg %(i géndbrgrggbgé used.
Sui t abl e cogpAURES A&, FHE LAGLAACEndRBAdd T 10} MdgniReger ONaLaNknp! ati num
20 conpl exes, such as tetraklsétrlphenylphosphlne)platlnun1 and tetra- or

di val ent pl aedagmlsalafs.upntpaffi atiras praticddidy fxanta hivasantabl e,
suchsas dip i_ym tetracyanepl atipnate, di sodiumtetracyanopl atinate,
di pg?assi umg%gﬁ?:gghloofodﬁﬁa ?n%?e?kgggéssi umtrichloro 25 (ethyl ene)

pl ati nate, sodi Wittr itdid arlo¢etbybeaey phat iceabenylation can be

pl ati num bi s(cyanobenze di s hate _a | atinum _bi,s(t,ri hi ne)
di sul phat e. P%é%%“&‘qu &lg‘ietul n%rr?‘\%uu"?h@%ngggﬁﬁi %aat%'ds?, -huslr%}}%ar f%%‘%’g’lﬁ]f\é,\ft h
carboxylic aei dachaesigrdd o 2bbnylatcanbprodams, aard 30 @hsocalssrirabl e,

( Cc_sa! dhehaeis ylattanbomaat 0 s 0s
i hexanoat coPCRBENEC a0t Hurt 11 SONBY ExES i Bt et oF dbt y- Aot £01 G
sourge Of piatiLpuh PIAd NULLd1 BRELY! BEELBAALE R0 MALIAS Y A dry

sui tabl e. _
suitable for use in a continuously operated commercial

application.
Tricyclo[3.3.1.1{3,7}]decane is the 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
"Z2-pA" group;{és in 2—pho$phadamantyl group) throughout
the specification. '
. The 2-PA group has preferably additional hetercatoms
25 other than the 2-phosphorus atom in its skeleton.
Suitable heteroatoms are oxygen and sulphur atoms.
Suitably, these heteroatoms 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 RJ of up to 20 atoms. Typical examples of R

include methyl, triflucromethyl, ethoxy, phenyl, and
4-dodecylphenyl. More preferably, the 2-PA group is




s 5 The nol ar anpunt o.#e nmcle of phatinumis

LGORY sl 8tt78 ¥ Althe range o 2. Preferably the anion is
applied in a nolar amount per nole of platinumin the range of 1 to 8. 5
The process of the invention is carried out wth catalytic amounts of the
catal yst system i.e. per nole of acety|enically unsaturated conpound, [0-8
to 10'1 nole of platinumis present, préeferably from10-~ to 10'2, on the
sanme basis. 10 The catal yst systens used in the process of the invention
conpri ses fawhdiett et sbdurr eeath aof oflse ab chnporand T pesStiers bel i eved t hat
the size of the anion and the distribution ofcelectric charge in the anion
si gni fi cant$ud ety i'bifite eerpkcal a‘[ﬁQ%Ci%/l%fRﬁ-he catal yst 15 . system-

Pr ef bly, i d t hat t he,. j d f i havi '

ke (noasur ed BAGH & (thadars et e FhAn S T oS e ude”

ani ons _der igieth 0 BN el Genon N asdd eledaf noyasdingn | ¢ aci ds,
-qalc

such as 2, I'or'obenzoic acid, and 20 2, 6-bis(trifl uoromethyl ) benzoi ¢
aci 8 or -tridtoupdaoeti amcifhr sl fansn s MPHYHic RidErsl . RueTidEl, or

met hanesul phoni ¢. aci.d,_and trijf|uor t ] pTelyTRe j h -

acet yl eni caﬂ'l‘?‘%‘n@a’ﬁﬁ%‘f’@@ pcrbén iﬂfnc?gm:\;\hi CE may sul t)al;fé):/eegteo érrplooyed as
starting madsfl grvdge sudcess, 25 ofidsteriaeentsiong thylcd iided conpounds
containing from2 to 20 carbon atons, optionally contai ni ngt one or nore

i nert substadltkmnt syresursh al trtregei elnonR brassd do Bt Gnsethaefa bl y, the
acetyl eni cal l.y, unsat ur at ed mpound S A1 8 atons per

nol ecul e. ﬁé%a‘ﬁg]ﬁﬂterﬁ ?#’305%23%?&6;&10%@3%’5&%5 u%’ﬁ%l y th=_ only
cakpon- car bon, unsat ' | n gher dmlraGHl &3 1% ireW tQfgdtife rerMitsaged

prggar ati OERO ér}’é&n ycaﬁ%ehaér cagrlf)fonyl a%ue'd pr oduct s, itg is preferably -

| ocated at g, r{ggb}lonqgsigﬂ&@.f@ﬁaraalmmfgmﬂp.abddstaqm%ﬂmbdaiI
unsaturate core%ounds are 35 acetyl ene= ethyne), nethylacetylene (=
propyne~, cMDEN8yR denpiidine PR SBRYHAT, T 1- hexyr. e, 1-octyne,

phenyl acetyl ene_and 3- hydr oxybut . etyl ene | rafened. Suitable
co-reactants i mah& 5 0‘11%&6% ﬁé&hﬁéo%@’aroe_ § %ggn-cg',?\qt.ai ni ng’
conpounds %@@m@v% hgn ¢ Savdme Miagilies afl sautch esitdouny .

acetyl eni cally 'unsaturated conpound can be inserted into the bo bet ween
t heshydr o- gr@gRs adom ek sden bl awli e aife karenod-a-e &Rz aBb¥amil es t her eof
i ncl ude nucl eophi ] ic, conpoun tal i t: t JrRbid & dndrogen
atom 10 prl'é?%r e n'hcﬁ%%b%iﬂ?c&g%ﬁ%lo%n%ﬁﬁdﬁgg:ower anciL al cof%l S,
e.g., monohyskiéc el ephals, twsiothaspietdmnrdionset Mow!  priesfamadpandiheand

1- butanol, and pol yhydric a)J cohol s, such as_.et.hyl AViets] Y ~hut anedi ol
and gl ycer PWmBeF % SR P ety %?e SO ca{irﬁlr%soef;%qéam dec?sj’;fec;‘]clb’)J ,

connecting the two phosphcrus atoms is 3. Praferably 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 accoxding

to the following general formula:

H
R? R (2)

25 in which R3 and RZ can be as describes above.
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fislgsand carboxylic aci dppdepangnp! e acetic acid, pivalic acid
I piion€- aci d. Monohydri c abeohols“having from1 to 6 carbon atons are
preferred, in particular nethanol and butanol. Another category of suitable
co-reactants conprises 20 hydride sourge; such as nol ecul ar hydrogen and
conpounds capabl e of generating nol ecul a ahidrogen. In particular for

enbodi nents of e _pr,ocess ereby an acetylenically unsaturated conpound

i s hydr of or nyl a?gc&np%?%c%?\;\rl%?ﬁéégEhlpb aapt dfeenrsast Chn r@g@gtﬁggcagg
Finally, al sece i i o eophi I-ic compound and a hydri de source
as defined abov§§¥g?{E?LEﬁELI?gegggéﬁrgrg EABEIE e D rimyeihef apoykat i on
product. The carbonyl ation process of the invention is 30 generally carried
out at a reaction tenperature in the range of 40 to 200 C, nore suitably at
a tenperature in the range of 50 to 160 C. The total reaction pressure is
usually in the range of 5 to 150 bar absolute (tiara). Pressures between 10
and 35 80 tiara and in particular between 30 and 60 tiara are WO

01/' 18972 8 preferred. =n carbenvliLaticn reactions of the hydro
_or:nylaticn type, the total pressure is usually th=_ sumof the parti al
pressures ef carbcn nor:oxi de and hydrogen. The nolar ratio between these
gases nmay vary, but is 5 converientiy maintai:ed in the range cf 1:2 to
2:i. Preferably, substantially equinolar anounts of carbon nonoxi de and
hydrogen are used. In other carbonylation reactions, involving-.no
hydrogen, or chiy insignificant anounts thereof, the total pressure is
roughly the sane 10 as the carbon nonoxi de pressure. The process of the
invention may be carried out in the absence of a separate diiuent o_-
solvent, if so desired. However, it i-s often convenient to have.a Liquid

di luent or solvent present at the begia.”.irg of the 15 reaction, e.g. if.a
vol atil e acetyienic starting material is used, or if the reaction requires
a relatively long induction period and continued t horough m xi ng of the
reactants is desirable. Suitable solvents are, in particular, aprotic
conpounds such as ethers or ketones, 20 for exanple 2,5, B-trioxanonane,

di et hyl ether, aceton=_, diglyne and nethyl ethylketen> . The invention is
further illustrated by the following non-limting exanples. Exarnole 1 25
(ag A250 mM "Hastelloy C' (trademark) magnetically stirred autoclave was
charged with acetylene (1.4 bars), 30 m of 1-propanol, 0.1 nmol of

Pt (acac)2, 0.12 mmol of DPA-3 |igand (see above), 0.25 mmol of nethyl

sul fonicacid and 30 m diglvme as solvent. 30 The autocl ave was pressurised
-wi th 40 barn carbon nonoxi de a.nd then seal ed. The tenperature of the

m xture was raised to 115 C. Conpl ete conversion of acetyl ene was reached
in shorter than 30 mnutes at 115 C and C Ic analysis after cooling and
depressuri zing, showed a 35 selectivity of 90 ncl$ to propyl acrylate. A

- propyl
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_ 9y aCylate formation rate of about 2000 t.o./hr/ nol Pt was cal cul at ed.
Some byproducts are succinate and nal onate diesters; these are due to
consecyild yssefr bonyl ation of acrylate at conplete acetyl ene 5 conversion
In a commercial operation the selectgvity will be higher by keeping the
acetyl ene conversion per pass below the 100%.' . Exanple 2 Exanple 1 was
repeat ed exeepedt hat-ztes crreaciest 3Pefagadl iy methapolgand-phak-as
acetylenical |y unsaturated conpounf %0 m__phenyl acetyl ene was used. The
reaction tiRB2WAs 3 Shdurt ek Phehyy L akr ¥r P& TFICHEG O ¥at @~ of 10D0

turnovers pes_hour jper e Rf1 Mash gk cubahed. afke ipraducss_consi sted of 52%
of linear 3-phenyl acrylate and 15 48'a of 2-phenyl acrylate. Exanple 3

Exanpl e 2 wds (PepbasedacidoehtS t hraieasamebhylefi Sallldy tunlsatakaied conpound
10 4 |-pen Saused.; T ' I h ntyne
consunpt i onE%‘gffg\fgf 328 g(ﬁ '?ﬁ}rc%\eg%gir nggééﬁgu\?%%ér%n%lyeﬁ&mgg' cal cul at ed.
The products cofisrstbd pire@@mraofidn nehrtnet bytal2ybhéxenysdtan anol 1838&% oéd

2- met hyl oxy. carbonyl _1-pent wExanpl e 4 Exapple 1 was repeat ed except
Chat oy |1 gnat Bpab 50588 Bl Eng ARG fof oiRe el (PR A AR 468 )
met hanol . Alteshgt| iacsylatad fyoramil osd rot esohe abrue s290 1 .ttheé hamdwmt Pt)

was cal cul ated.. The reaction tine, was on hou% gng t he selectiwét t owar ds
met hyl acrngt%laﬁéngg,wfzpressed as moles © identate ligan B%r

10 mole atom of platinum. The active species, however, is
believed to be based on an eguimolar amount of bidentate
ligand per mole platinum. Thus, the molar amount of

" bidentate ligand per mole of platinum is suitably in the
lrange of 1 to 3, preferably in the range of 1 to 2.
15 As regards the source of platinum, i.e.,
component {(a} of the catalyst s&stem, 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-bisfcyanobenzene) 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({IIl) acetylacetonate being

particularly suitable.



] TS 0937 PCT CL Al MS 1. Process for the carbonylation of an

acetyl enically unsaturated conpound by reaction with carbon nonoxi de and a
co-reactant in the presence of a catal yst system based on (a) a source of
pl at i WORALZEHE a source of anions ggd 5 (c} a.di phosphine of the follow ng
formul a Rhp-R2_pR3R4 (1} wherein represents a coval ent bridgi ng group,
Rl represents _a bival ent radical .that together with_t h(i phosphqrus atomto
which it is a3 HFRCOPL Bnaﬁwoi’o%ﬁ}’bslf‘? GtBg p-atinum 1s

2- phosphacbhiveyGled K B. d= 1631 £¥) decyhegrny oroa detbvabi.ve tefereef i n

whi ch one cr nore of the carbon atons are replaced by heteroatons, and
wher ei n RBN&NETRAT rgeperiehtfyiBepr BSeRE AYAPenPeFalirds §toPlapito 20

atons or pgintly¢hQrma bivakentpagical of up to 25 20 atonms. 2: Process
according to ckai m 1, %ge)r e?n R3 and R4 together with the phosghor us atom

t 02whi ch~i t i Shat pachuess  ovin re optVensliby sishstaxuied out wit
2- phospha-tri I, 3.1 1{3 C I Q rivagiv h f in 20
vvh%och gnec‘%ga%&éggg%%%n%%r%%igg%o%ﬁ%tgrlg%%ep%}é%:eegﬁbyyhéf e‘?%gaﬁéfng, "

i dentical ko LBe %?i%afﬁamgaé%&a&@ee%% Mdd the-Phespherlispgtem to

which it 1s attached. 3. ess according to claim2, wherein_the

opti onal | y£ 251 substint Utsedh 2 phaspharé Feeyblie] FxHml. 103! 74ddeey?, gooup or a
derivative thereof in which one or nore of the carbon atons are replaced by
hetero atoh® F3meubasiltSut ed - 11 on one or nore of thel, 3, 5 or 7

Papitions withna ARRAVseNts Jsadingaly §38 0f nUphEO p2@ B £ hdriagess
according to claim3, wherein RS is.a radical selected fromnethyl)
trifluor ofetbiPn EOMBRYSSPhEMALIST dhdSauacgeffl pREMIS & Process

accordi ng. ' whereisn the apfdenahly - eHRSEiLW & tn i
2- phosphg:-c%n??%&%g} g?\)%.'l.'f( t}?] ] delcyll group or a déri vative ét haenrleoor%c in
whi ch onearud tipe ed bE trhducdopo® fateomss takkec r epRraged iby thet érdCatons is a 10

2- phospha-.l . 3, -tetra l;1.6, - 100 OX BRtL . . 'tPrgps%ss
accordi ngglt%n‘a%yg%%éagf g%%giyrﬁr'?%f%?t%m%éée)i%g%gﬁgé)sé%gtfg%%ea?gngli n the
sl3or t est sghetiam of P Ak 6w abiliyecing coenreens i mgedhehewoapkosisor us atons. 15 7.

Process AU LS pRly B1°s2hehl AR O, aber phDLls aeghgnecal |y
wher ei n tihe wacety) esecakky epapound Sg-maasly/| #Afons include anions
' derived frcm Bfonsted acids, in paftiCular from
carboxylic acids, such as 2,6-dichlorobenzoic acid, and
20 2,6-bis(trifluocromethyl)benzeoic acid cor trifluoroacetic
acid; and from sulphonic acids, such as methanesulphonic
acid, and trifluocromethanesulpheonic acid.
The acetylenically unsaturated compounds which may
suitably be employed as starting material in the process
25 of the invention, include compounds contzining from 2 to
20 carbon atoms, optionally containing one or more inert
substituents, such as halcocgen atoms or hydroxygroups.
Preferably, the acetylenically unsaturated compounds has
from 2 to 8 carbeon atcms 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
preferably located at a terminal positien. Examples of
suitable acetylenically unsaturated compounds are

35 - acetylene (= ethyne}, methylacetylene (= propyne},



9. Process according to any one of clains 1-e, wherein 20 the co-reactant

I s a nonohydric al cohols having from1 to 6 carbon atons. 10. Pi ocess

accor gighgy4s97any one of clainms~l -9, wherein the source of anions is the

conj ugat ed base of acids having a pHa, as neasured at 18 Cin water, of

| ess than 25 4. 11. Process according to claim10, wherein the acid is

met hanesul f opi:eyaei, d1-pefnd Nsx-heN@he,/ N-ddN @8 N phaldy 16N&LNINne=/ ND/ N

NN and 3-hydroxybutyne. Acetylene is most preferred.

Suitable co-reactants in the process of the invention
are hydrogen-contazirning compounds whereby a carbon mono-
3 xide molecule and at least one acetylenically unsaturated
compound can be inserted into the bond between the hydro-
gen atom and the molecule of the co-reactant. Examples |
thereof include nucleophilic compounds containing at
least one mobile hydrocgen atom.

i0 Preferred nucleophilic compounds include: water and
alcohols, e.g., monohydric alcohols, such as methanol,
ethanol, isopropancl and l-butanol, and polfhydric
alcohols,'such as‘ethyleneglycol,-1,4—butanediol and
glycerol; thiols; primary or secondary amines or amides;

15 - phenels and carboxylic acids, for example acetic acid,
pivalic acid and propionic acid. Moﬁohydriﬁ alcohols
having from 1 to 6 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
cépable of generating molecﬁlar hydrogen. In particular
for embodiments of the process whereby an acetylenically
unsaturated compound is hydrcformylated, molecular
hydrbgen 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 1is

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 reactiocn pressure is usually in the range

of 5 to 150 bar absolute (bara). Pressures between 10 and

35 80 baras and in particular between 30 and 60 bara are
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is used, or if the reaction requires a relatively long

induction period and continusd thorcugh 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, acetons,

diglyme and methyl ethylketcone. |

The invention is further illustrated by the following

non-limiting examples. | ' |

Exarple 1
25 (a) A 250 ml "Hastelloy C" (trademark) magnetically
stirred autoclave was charged with acetylens (1.4 bara),
30 ml of l-propanol, 0.1 mmol of Pt{acac)2, 0.12 mmol of
DP2A-3 ligand (see above), 0.25 mmol of methyl sulfonic-
acid and 30 ml diglyme as solvent.
30 Thé autoclave was pressurised with 4C bara carbon
moncxide and then s=zaled. The temperature of the mixture
was raised to 115 °C. Complets ceonversion of acetylene
was reached in shorter than 30 minutes at 115 °C and
Glc znalysis after cooling and depressurizing, showed.a

35 selectivity of 90 mol% to propyl ecrylate. A propyl
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5 conversion. In a commercial operation the selectivity
will be higher by keeping the acetylene conversion per
pass below the 100%, "
Example 2
Example 1 was repeated except that the co-reactant
10 was 30 ml methanol and that as acetylenically unsaturated
compound 10 ml phenyl aéetylene was used. The reaction
time wasll 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 acryléte and:

15 48% of 2-phenyl acrylate.

Example 3
Example 2 was repeated exbept that as acetylenically

unsaturated compound 10 ml l-pentyne was used. The
reaction time was 1 ﬁour. A pentyne consumption rate of
20 300 turnevers per hour per mol Pt was calculated. The
products cqnsisted of 65% of linear methyl Z2-hexencate
and 35% of 2-methyloxy carbonyl l-pentene.
Example 4
| Example 1 was xepeated except that as ligand DPA-2
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 reaction time‘was one hour and

the selectivity towaxds methyl acrylate was 76 wth.

AMENDED SHEET

Camnfnncasart 7 UkT. 1D UL



oy
R

%& :jl;(()‘)W\HWﬂ) 910%
HS7010%4& ()= YLOUAHE" ()T VX9! ] } 109%& () - <10%&
#HlO%(&'() LOWHWH 1OWHVH 0 ! v v
TOWHWHL LOOMHWHE! () - Mo 13109MHWHE () - MB6789EGr S4!) 10% & ()-f10% & ()- 10 1
10! P<>, 10%& ()- 10%& ()-!\ 10% ()-=GlA - ) v el °
|9"9#xy4r84||r&L*10fV&'() 31 &L* 109BNV& () - 3! &L* 10%& ()-3! 0&L*10% " & ()-3
&L* 109 () - 3! &L* 10%& () - 39#HERY% &<&=&>&J&L&} 0P1Cs10%ME: () 5(pppl0~Y~Y
10~Y~Y 10~Y~Y! c&L* 10% Y~Y& ()- 3!\ &L*10% r & ()- 3!\ &L* 10%&'%—@
"P)** +WU30P1! eP+10%mm& () - 5! % P+10%& () - 5! ;

qP+10%c& ()-5! XP+10% ) & () - 5! t &P+10% | KP+1098&&' () -5_+A R ------ =
!gF)slo%B&' ()- 1098& ()- 10m 10m CYRIW v i v
10nmP+10%1&: () - 5! NP+10%QUQU& () - 5! P+10%Iu& ()-5-.9.r1...!/aB{\=!ej | 10%&
%409B& () - Z9A0%B& ()- j!10% ()-!Vj!109%BzB& ()-0 A= v
109B& () - ym/ v/ B b28SRIGIS L-hkHImOUBBY LA jon \@ﬂwqu;enmams&'() j*'B

Lo () FLHRRLEF S ebngorgsrd by Teactich Vidn RS fcl¥iad WAE O
lOBB'S%iO B Lek8)d0 9 0 '
0-31b]. 1&%&@? SHEHEONE ho peSRRTRONKISHIL AL (g dded 0% (18

;i’ %é\p 016{18?1 ?og&ugpesopri@%&n@)mslcm BOBRRUYCE of anions and
wo%yc(&')(? V\%/& ?f‘i%}ﬁ@%&hjf%ﬁ"”"%%o Shdd -+ MAOMNE O
10%&! () - <=6= n>x>’>yX6J =010! 9H % 0%s1s& ()- +

%4.0988&' ( % }{%o 4() +|@%10%F&'() + $ %0%~& ()-+
" Y4 0% F&

10'UIs’>°/<10°/&'() @/910%&'() ]'8 V0% *& () -+ " %0%q& () -+
9409888 (Yhereldd 8% r&pEpseGOEREOROYH L BOITULSA%EL NI CIRRK) RjP"LlO%—I& ()-

0 :
V10%& () Suo10%a g) % AH%e%% radical that together with the

represent
‘phosphorus atom to which it is.attached is an optionally

(1)

O )@ AD
) 9'.

10 substituted 2-phospha-tricyclo(3.3.1.1{3,7}]decyl group
or a derivative thereof in which one cor more of the

carbon atoms are replaced by heteroatoms, and wherein R3
and R% independently represent univalent radicals of up
to 20 atoms or jointly form a bivalent radical of up to
15 20 atbms.
2. Process according to claim 1, wherein R3 and R4
together with the phosphorus atom to which it is attached
form an optionally 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
netero atoms, identical to the group formed by R1
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 mere of the

carbon atoms are replaced by hetero atoms is substituted
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5. Process according to claim 4, wherein the optionally

substituted 2-phospha-tricyclo([3.3.1.1(3,7}]decyl group
or a derivative therecf in which one or more of the
carbon atoﬁs are replaced by hetero atoms is a

.10 2—phospha—1,3,5,7—tetramethyl—6n9,lo—trioxadamantyl
group.
6: Process according fo any one of claims 1-5, Qherein
RZ has 2 to 4 atoms in the shortest chain of atoms
directly connecting the two phosphorus atoms. '

15 7. Proceés according to any one of claiﬁs 1-6, wherein

the acetylenically compound has from 2 to 8 carbon atoms.
§. Process according to claim 7, whexein the
acetylenically compound is.acetylene.
9, Process according to any one of qlaims 1-8, Qherein

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 5C in water, of less than

25 4.

11. Process accerding to claim 10, wherein the acid is

methanesulfonic acld.
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