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HYDROFORMYLATI ON OF ETHYLENI CALLY UNSATURATED
wOohRMDsMIS | N THE PRESENCE OF AN ACI D AND A MBNDEP2003/051030
TERT- PHOSPHI NE The invention relates to a process for
the hydrofornylation of an ethylenically unsaturated
conpound in the presence of an acid with a pKa < +3,
and a catalyst of a group VIIl netal and a bidentate
i gand. Processes for the hydrofornylation of
ethylenically wunsaturated conpounds are known in the
art. In US 5,004, 823 the hydrofornylation of olefins
with rhodi um conpl ex wereldescri bed. The new cl ass of
rhodium catalysts allows the use of |ow pressure and
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complex were described. The new class of rhodium
catalysts allows the use of low pressure and leads to
high yield of product.

In EP 273,489 a process was disclosed for the
selective carbonylation of conjugated dienes in the
presence of a specific palladium compounds with a
multidentate organic phosphorus ligand. According to this
process also monodentate phosphorus compounds may be
present. This process aimed at high conversion rates and
less corrosion problems.

In EP 489,472 a carbonylation process was disclosed
of ethylenically unsaturated compounds in the presence of
a palladium catalyst, a monodentate phosphine, and an
anion of derived from an acid with pKa < +3 to maintain a
high reaction as well as conversion rate.

In US 5,994,591 a hydroformylation process was
disclosed in the presence of a palladium, platinum, or
nickel catalyst, a bidentate ligand, and anion other than

halide anions to obtain a process for effectively



- 2 renoving the catalyst in a solventless
evaporation product separation system w thout
weaht@osiaag the effectiveness of the catal yst. PCWEB303/051030
6, 037,506 a process was presented with a palladium
plati num or nickel catalyst, a bidentate |igand, an
acid, and a pronoter conprising a formate or formc
acid reagent. This process |eads to | ess damge of
the reactor. It was further reported that this process
reduces the paraffin make. Generally, such processes
are conducted by intraqdycing the various reactants
into the reactor and allowing the reaction to proceed
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suffer from a few disadvantages, i.e. the occurrence of
solid particles on the liquid-liquid interface of the
immiscible liquid phases (plating), and in many instances
also the formation of paraffin side-products. These lead
to decrease yields and cumbersome isolation procedures.
Plating leads to loss of active catalyst during the
process, and since the catalyst by far is the most
expensive constituent of the reaction mixture plating
effects are commercially unattractive. It is therefore an
objective of the present invention to prevent plating
effectively and still maintaining the advantageous
properties of the prior art methods.

To this end an anti-plating process was found for
the hydroformylation of an ethylenically unsaturated
compound process in the presence of an acid with a pKa <
+3, and a catalyst of a group VIII metal and a bidentate
ligand of the formula:

R1Rp-P-X-P-R3Ry (I)



WO 2004/ 054947 PCT/ EP2003/ 051030 3 wherein Pis a
phosphorus atom X represents a bivalent organic
wonriagismg7group, R1, R2, R3 and R4 represent PCT/EP2003/051030
i ndependently a substituted or unsubstituted
hydrocar byl group, or Rl and R2 together with the
phosphorus atomto which they are bonded and/or R3
and R4 together with the phosphorus atomto which
they are bonded represent a bivalent substituted or
unsubstituted cyclic group, characterized in that the
process is performed in %h@ presence of a nono
tert - phosphi ne, mherein he ratio noles of nono

h f 11 to 10 : 1.
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paraffin make. It was found that by using a mixture of at
least two acids wherein one of the acids has a pKa < -3,
and an other acid has a pKa value between -3 and +3, the
paraffin make was strongly reduced. It was also observed
that by using such a mixture of acids without the
addition of the mono tert-phosphine compound the paraffin
make was also effectively reduced. However, the
advantageous anti~plating effects were then no longer
observed.

In the context of this invention the term “bivalent
organic bridging group” means any bridging group such as
an alkylene, alkylidene, cycloalkylidene, arylene, and
the like. These groups may be substituted with common
substituents such as alkyl, alkoxy, cycloalkyl, aryl, N-
heterocyclic group, or halogen, and the like, may be
branched or unbranched, and may contain heteroatoms, such
as oxygen and nitrogen, or may contain substituents with

carbonyl groups. In general such alkyl groups will have



as oxygen and nitrogen, or may contain substituents

Wi th carbonyl groups. In general such al kyl groups
woizbd4/05aae2 WO 2004/ 054947 PCT/ EP2003/ 051030 4 PCU{EPRM@3/051030

20 carbon atoms, any cycl oal kyl groups will have from

5-7 carbon atonms in the ring structure and any aryl

group will have up to 18 carbon atons in the ring

structure. Conveniently, the aryl group may be an

anthryl, naphthyl or, which is preferred, a phenyl

group. The heterocyclic ring may be a single

heterocyclic ring or g be a part of an optionally
substituted |larger, condensed rlng structure as
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unsaturated, cyclic, acyclic, or aromatic. The
hydrocarbyl group may be substituted with the common
substituents, may contain heteroatoms and/or carbonyl
groups.

The “bivalent substituted or unsubstituted cyclic
group” is together with the phosphorus atom a bicyclic
structure.

The source of the group VIII metal (catalyst
component) preferably is constituted by cationic
compounds such as for example the salts of the group VIII
metal with, for instance, nitric acid, sulfuric acid, or
alkane carboxylic acids having not more than 12 carbon
atoms. Salts of hydrohalogenic acids may, in principle,
be used as well as they provide a further reduction of
the paraffin make, especially halide ions selected from
chloride, bromide, and iodide, and mixtures thereof which
have proved to be beneficial in this respect. Moreover,
the group VIII metal complexes may also be used, for

instance the group VIII metal acetyl acetonate,



the paraffin make, especially halide ions selected

from chloride, brom de, and iodide, and m xtures
woOher@siosmhi ch  have proved to be beneficial i RCTHP2003/051030

respect. Moreover, the group VIII netal conpl exes nay

al so be used, for instance the group VIII netal

acetyl acetonate, WO 2004/ 054947 PCT/ EP2003/ 051030 -

5 tetrakis(triphenyl phosphine) group VIII netal,

bis(tri-o- tolyl phosphine) group VIIl netal acetate or

bi s(tri phenyl phosphine) group VIIl nmetal sulfate.

Metallic group VIII negag_ﬂay be used if the catal yst

. composition conprises an acid conponent. Preferred
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shepttyreachave, 3-cyd oaclbcyd enens 1,Tecythd arly Fentherl, 4-
contain unsaturated bonds and may be substituted with

alkyl, alkoxy, aryl, aralkyl, and halogen groups. Typical
examples of bivalent cyclic phosphines comprise at least

5 ring atoms, and preferably 6 to 9 ring atoms. More
preferably the cyclic bridging groups contains 8 ring

atoms. Apart from the phosphorus atom all atoms are

usually carbon atoms, but one or two carbon atoms may

also be replaced by a hetercatom, such as oxygen or

nitrogen atoms. Examples of suitable cyclic groups are
1,4-cyclohexylene, 1,4-cycloheptylene, 1,3-cyclo~

heptylene, 1,2-cyclooctylene, 1,3-cyclooctylene, 1,4~
cyclooctylene, 1,5-cyclooctylene, 2-methyl-1,5-
cyclooctylene, 2,6-dimethyl-1,4-cyclooctylene, 2,6-
dimethyl-1,5-cyclooctylene, and limonenylene. Most
preferably, the RjRp-P and R3R4-P moieties comprise the
bicyclononylphosphinyl group, i.e. a preferred bicyclic

ligand is:



cycl ooctyl ene, 1,5-cyclooctyl ene, 2-nethyl-1, 5-

cycl ooctyl ene, 2,6-dinethyl-I,4-cyclooctyl ene, 2, 6-
wdai2omeosyd47 1, 5- cycl ooct yl ene, and | i nonenyl ene. pP&D&IP2003/051030

preferably, the RIR2-P and R3R4-P noieties conprise

t he bi cycl ononyl phosphi nyl group, i.e. a preferred

bicyclic ligand is: WD 2004/ 054947 PCT/ EP2003/ 051030

6 RR P- X-P wherein X is a hydrocarbyl group

sel ected from al kyl ene, cycl oal kyl ene, and aryl ene,

whi ch may be substituted, and R is H or a substituent

selected fromal kyl, alkexy, halogen, aryl, aralkyl,

and a carbonyl -contai ni ng group. The term "nono

tert-phosplg ne” neans a trisubstituted phosphine,

each of th bstituents preferaBly being

i ndependent hydr ocar byl » such as al kyl,
cycl oal kyl , yIp-or xar akkg roup. Preferred
trihydroc phosphi ne are yl phosphi ne or

trialkylphosphine Most prefer
trip gglphosphlne Aci ds having a pKa < +3 (neasured
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)tgféfiylphergkfigltﬁgst preferred is triphenylphosphine.
Acids having a pKa < +3 (measured in water at 18°QC)

are used in the process of the invention and include

Lewis acids such as, for example, BF3, AsFg, SbFg, PFg,
TaFs, or NbFg5, Brensted acids such as, for example, a

hydrohalogenic acid, in particular HF, phosphoric acid or
sulfuric acid. Specific examples of the last-named type
of acids are fluorosilicic acid, HBFy4, HPFg, and HSbFg.
Particularly suitable is trifluoromethanesulfonic acid.
When a mixture of acids is used, one of the acids
has a pKa value between -3 and +3, which can form a
coordination bond with the group VIII metal. Particularly
useful are, for instance, sulfonic acids. Very suitable
sulfonic acids include alkylsulfonic aclds, especially
linear alkylsulfonic acids, alkarylsulfonic acids such as
alkylbenzenesulfonic acids, alkyltoluenesulfonic acids
and alkylxylenesulfonic acids, and hydroxyalkylsulfonic
acids, e.g. alpha- or beta-hydroxyalkylsulfonic acids.



sul fonic acids include al kyl sul fonic acids, especially

I i near al kyl sul fonic acids, al karylsulfonic acids such
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acids and al kyl xyl enesul foni ¢ aci ds, and

hydr oxyal kyl sul fonic acids, e.g. al pha- or

bet a- hydr oxyal kyl sul foni ¢ aci ds. WO 2004/ 054947

PCT/ EP2003/ 051030 - 7 Typical sulfonic acids that

can be used are nethanesul fonic acid, fluorosulfonic

acid, chlorosulfonic acid, and p-tol uenesul fonic

acid, the nethanesul foni¢ _acid being preferred.

Sul fonic acids as nentioned hereinbefore are readily
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added as a salt, for instance as an alkali or earth
alkali metal salt.

The stoichiometry of the total amount of mono tert-
phosphine and acid during the reaction should be so that
the ratio moles of mono tert-phosphine : moles of acid is
from 1 : 1 to 10 : 1. Préferably, this ratio is 1.05 : 1
to 5 @ 1.

The quantity of group VIII metal, as used as
catalyst component in the process of the invention, is
not critical. Preference is given to the use of
quantities in the range between 103 and 10-7 grams of
atom metal per mole of ethylenically unsaturated
compound.

In general the amount of phosphine ligand to be
employed in the catalyst composition for use in the
process of the present invention is not critical and may
vary over wide ranges, which ranges may sometimes also be

related to the type of phosphine ligand. For example,



atom netal per nole of ethylenically unsaturated
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e
cyclododecatrlene, allyl alcohol, methyl acrylate, ethyl

acrylate, methyl methacrylate, acrylonitrile, acrylamide,
N,N-dimethyl acrylamide, vinyl chloride, allyl chloride,
acrolein, oleic acid, methyl allyl ether, and styrene.
Examples of suitable acetylenes include propyne, 1-
butyne, 2-butyne, l-pentyne, l-hexyne, l-heptyne, 1~
octyne, 2-octyne, 4-octyne, S-methyl-3-heptyne, 4-propyl-
2-pentyne, l-nonyne, phenylethyne, and cyclohexylethyne.

In the process according to the invention the carbon
monoxide may be used pure or diluted with an inert gas,
such as nitrogen, noble gases, or carbon dioxide. The
ratio moles of carbon monoxide : moles of hydrogen
usually ranges from 1 : 10 to 10 : 1.

The hydroformylation according to the invention is
preferably carried out at a temperature in the range
between 50 and 200°C, in particular between 75 and 150°C.
The overall pressure preferably is between 1 and 100 bar,

in particular 20 and 75 bar gauge.



In the process according to the invention the carbon
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perfoomeshdsea | iwpuptaseddtiibn radt Uod reefigh s WHerdin
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geher&nfy aThelfr-aeess 136604 gt O, e, L S The
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PEERREIRY. °f oS KEBEsIAR 2R AW RE oI Sapl e prieae s
taeeesfli ng to the process of the present invention may
cony, nientl¥ be isqb%%eg from the reaction mxture by
known' t 8CART HUESSOX Xt PFOFFR oA NUPR T oM BEY On. A
bpr edwrirgdogr dupcbiisgnponiidsicusl PePkepar ed by the
cBBQBﬁ&%S?g,the present invention are al cohols and
especi al t hose al cohol s contai ning 8-30 carbon

at orgle cSuRdHIdgl Premiredsacrardiad Uabltée ppiotestsof or use

88 pfé&hkcﬁm&tigﬁtn%rygggﬂxﬁerﬁ@gt% gl Egéfaecre%- L her
roducts, which may be prepared by the presen?
tB?OE§§5§}OHTR%45§rﬁSQMjknown techniques, such extraction

or distillation.

A preferred group of compounds to be prepared by the
process of the present invention are alcochols and
especially those alcohols containing 8-30 carbon atoms.
Such full esters are valuable products for use as
lubricants, detergents and plasticizers. Other products,
which may be prepared by the present process, may be used
as precursors for the preparation of esters, ethers, or
other fine chemicals.

The invention will be further illustrated with the
following examples:

Example 1

A 350 ml magnetically stirred Hastelloy C autoclave
was charged with 30 ml of 2-ethyl hexanol, 20 ml of
linear octenes (thermodynamically equilibrated) and a
solution of 10 ml of sulfolane/0.5 ml water containing

0.25 mmole of Pd(OAc)p, 0.4 mmole of 1,2-P,P’-bis(9-

phosphabicyclo[3.3.1]nonyl) ethane (“DIRC-27) , 0.5 mmole
of CF3803H, and 0.1 mmole of HCI.



as precursors for the preparation of esters, ethers,
or other fine chemcals. The invention will be
wouoddvseo4r| | ustrated with the follow ng exanpPe$/EP2003/051030
Exanple 1 A 350 m magnetically stirred Hastelloy C
autocl ave was charged with 30 ml of 2-ethyl hexanol,
20 mM of linear octenes (thernodynam cally
equilibrated) and a solution of 10 nl of
sul folane/0.5 m water containing 0.25 mol e of
Pd(OAc)2, 0.4 mmle of 1,2-P,P -bis(9-
phosphabi cycl o[ 3. 3. 1] non d ) ethane ("DIRCG-2") , 0.5
nmol e of CF3SGBH, and O 1 mmole of HO. WO
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content). A sample of the final reaction mixture (5 h
total reaction time) was taken from the upper layer and
analyzed by GLC (Gas Liquid Chromatography). Complete
conversion of the octenes was found and the selectivity
to nonanol alcohols was 99% (linearity 72%) with
selectivity to paraffin of 0.7%.
Example 2

This example was performed as Example 1, but now 1

mmole of P(Bu)4CH3S03 was added to the catalyst solution

of Example 1. An initial rate of 1100 mole/mole Pd/h was
observed. GLC analysis of the upper alcohol~containing
layer (after 5 h total reaction time) showed complete
conversion of the octenes and a selectivity to nonanols
of 99% with a linear nonanol (l-nonanol) content of 73%.
Paraffin selectivity was only 0.2%. A trace of Pd black
was observed at the alcohol/sulfcolane interface. This
example shows that addition of a phosphonium salt with
anions derived from an acid with +3 > pKa > -3 leads to

lower paraffin make.



to nonanol al cohols was 99% (linearity 729% wth
selectivity to paraffin of 0.7% Exanple 2 This

woxenpise4nas performed as Exanple 1, but now 1rpCmmpk@3/051030
of P(Bu)4CH3SC3 was added to the catal yst solution of
Exanple 1. An initial rate of 1100 nol e/ nole Pd/h was
observed. G.C anal ysis of the upper al cohol -contai ni ng
| ayer (after 5 h total reaction tinme) showed conpl ete
conversion of the octenes and a selectivity to
nonanols of 99%w th a |inear nonanol (1-nonanol)
content of 73% Paraffin selectivity was only 0.2% A
trace of Pd black was observed at the

:@gfeolg sul folane interface. This exanpl e show_s t hat

of a phosphoniumsalt with anions derived
f r onPenfoaned as ERamBle> 1pKaut> thd temdyst Psul RWBhe
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l e 3 Pertorned
Oéabmq&t ksl § amahe ofS@b:mﬁ)hé}{ylan\b@Qﬁhal aed 10025 mol e

I 0.6 mmol e of
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d. C ana of t he upper Iayer
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ceprvRisnont ofct@oeenaesi ansle]aecseifem it wnatrmeoeﬂnol s of
988% Wit B . ds 0%
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Praferrares bt welin Pchm@éhblataﬁdesm&e@tfam hsaigewn si bl e.

aIbbrsole&aHpmf%h@M@ Wakat i addicti on of nonophosphine and
- very_strong aci pKa < -3) leads to reduced Pd netal

f or maticoR* alil%% t8aH 49 taos | 9 iy ReneRiasphsee of
aparaffyi ItS&ﬂg&@bh&l@QKa < -3} leads to reduced Pd metal

formation, but also leads to a slight increase of
paraffin selectivity.

Example 4
Performed as Example 3, but 1.0 mmole of CF3S03H was

replaced by a mixture of 0.5 mmole of CH3803H and 0.5
mmole of CF3S03H. An initial rate of hydroformylation of

1200 mole/mole Pd/h was observed. Complete conversion of
octenes was observed in the final reaction mixture (5 h
reaction time). Alcohol selectivity of 99% with paraffin
selectivity of 0.36% was observed. No Pd black was
visible at the alcohol/sulfolane interface. Comparison
with Example 1 shows that addition of monophosphine and
acid with +3 > pKa > -3 leads to both reduced Pd metal
formation and reduction of paraffin selectivity, while
maintaining high reaction rates.
Example 5

Performed as Example 1, but in the catalyst
solution, 0.4 mmole of “DIRC-2” was replaced by 0.4 mmole
of meso-3,4—P,P’—bis(9-phosphabicyclo[3.3.1]nonyl)butane



Exanple 4 Perfornmed as Exanple 3, but 1.0 nmol e of
CF3SB8H was replaced by a m xture of 0.5 mmol e of
wokiBE@3k4and 0.5 mmole of CF3SG3H. An initial PCaE@20B/051030
hydr of ornyl ation of 1200 nol e/ nole Pd/ h was observed.
Conpl ete conversion of octenes was observed in the
final reaction mxture (5 h reaction tinme). Al cohol
selectivity of 99% with paraffin selectivity of 0.36%
was observed. No Pd black was visible at the
al cohol / sul fol ane interface. Conparison wth Exanple
1 shows that addition of pnophosphine and acid with
+3 > pKa > -3 leads to b6t h reduced Pd metal

fgr ctlon of araffln selectivity, while
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E§§‘Jﬂgt ivity was
Performed as in Example 5, but now 0.6 mmole of

triphenyl phosphine and 0.5 mmole of CH3503H were added

to the catalyst solution of Example 5. The initial
hydroformylation rate was 400 mole/mole Pd/h. An alcohol
selectivity of 92% (linearity 73%) with a paratffin
selectivity of 2.0% was obtained. Higher esters, mainly
2-ethyl hexanol esters of nonanoic acids were produced in
a selectivity of about 6%. No Pd black precipitate could
be observed at the alcohol/sulfolane interface.
Comparison with Example 5 showed that addition of
monophosphine and an acid of +3 > pKa > -3 leads to
reduced Pd black formation and reduced paraffin
selectivity. This example showed that according to the
invention, the addition of monophosphine and acid with +3
> pKa > -3 leads to reduced Pd black formation as well as
reduced paraffin selectivity.



significantly higher than wth the parent |igand.
Exanple 6 Perfornmed as in Exanple 5, but now 0.6 mol e
wohoo4tosigahenyl phosphine and 0.5 mmol e of CH3SEBHBRe008/051030
added to the catalyst solution of Exanple 5. The
initial hydrofornylation rate was 400 nol e/ nol e Pd/ h.
An al cohol selectivity of 92% (linearity 73% wth a
paraffin selectivity of 2.0% was obtained. Hi gher
esters, mainly 2-ethyl hexanol esters of nonanoic
acids were produced in a selectivity of about 6% No
Pd bl ack precipitate cguhd_ be observed at the
al cohol / sul fol ane interface. Conparison with Exanple
&éﬁgggvep that addition of nonophosphine and an acid
pKa > -3 leads to reduced Pd black formation
and Petfiprrdd poy dhf Examrdel ecthuti hyw OLIE smexangd e showed
duhab-@ di i tjon, the addition of
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of acid is required to maintain high reaction rate.

WD 2004/ 054947 PCT/ EP2003/ 051030 - 14



CLAI MS 1 A process for the hydrofornylation of
an ethylenically unsaturated conpound in the presence
wohoams4mecid with a pKa < +3, and a catal yst oPCERR®BE051030
VIl netal and a bidentate |igand of the fornul a:
R1IR2- P- X-P-R3R4 (1) wherein P is a phosphorus atom X
represents a bivalent organic bridging group, Rl, R2,
R3 and R4 represent independently a substituted or
unsubstituted hydrocarbyl group, or RL and R2
together with the phosphorus atomto which they are
bonded and/or R3 and R4 together with the phosphorus
atomto which they are bdnded represent a bival ent
substituted or unsubstituted cyclic group,
characterized in that the process is perforned in the
presence of a nono teftfphd§phine, wherein the ratio
nol es of nono tert- phosphine : noles of acid is from1l
1to, : roc ccordl toclaim1l
]'whereljp(%O %sﬁ%3b5 g yd§°§ Pﬁéﬂ‘ﬁﬁgénnixture of at
etepbinitowdlpoirdstusstddeashpownieiactick Rawhatea opKan < -3
I ac a a betwe -3 and +3.
a@?&l v\?ltth gaﬁﬁa Qn§3 Angi Q g%ta%.élrst ggf gFo%p \%ﬁ&;

he process accor ein the
TSEBE el Psbﬁkwﬁétﬁéug@ndtﬁ@tpﬁeéennaaof a hal i de anion
selected fromchloride, brom de, and iodide, and
m xtures th8tROTEX2P-RaRd process &btording to any one
of claims 1 to 3 wherein the bidentate |igand has the
PRBFHR & 1RIRPIPSROPRBREAOM weFebresenits pHusphenus, X

ohr@ar&cbbvah@iﬁg \6&2&04&/10%94& PaCZE{ RP200HN31030 - 15
hydr ocar b group ic e suéstltuted and Rl
léﬁ%PeWQEHFégétﬁéPSVﬁﬁqieﬂh@rph@sb$kﬂtm§eathﬂﬂﬂuaamhybh

gtbay, @€R1 and Ry together with the phosphorus atom to
which they are bonded and/or R3 and R4 together with the

phosphorus atom to which they are bonded represent a
bivalent substituted or unsubstituted cyclic group,
characterized in that the process is performed in the
presence of a mono tert-phosphine, wherein the ratio
moles of mono tert-phosphine : moles of acid is from 1 :
1 to 10 : 1.

2. The process according to claim 1 wherein the process
is performed in a mixture of at least two acids, at least
one acid having a pKa < -3 and at least one acid having a
pKa between -3 and +3.

3. The process according to claim 1 or 2 wherein the
process is performed in the presence of a halide anion
selected from chloride, bromide, and iodide, and mixtures
thereof.

4. The process according to any one of claims 1 to 3
wherein the bidentate ligand has the formula

R1Rp-P-X-P-R3R4, wherein P is phosphorus, X is a bivalent



bonded, and R3 and R4 together with the phosphorus
atom to which they are bonded represent a bival ent
weubsHostaared or unsubstituted cyclic group. 5PCTH®2003/051030
process according to claim4 wherein the ligand is: R
R P- X -P wherein X is a bivalent hydrocarbyl group
sel ected from al kyl ene, cycl oal kyl ene, and aryl ene,
whi ch nay be substituted, and Ris H or a substitueet
sel ected from al kyl, al koxy, hal ogen, aryl, aralkyl
and a carbonyl - containing group. 6. The process
according to any one of % aims 1-5 wherein the group
Vi1l netal is selected fromPd and Pt. 7. The process
hyeeerationg gvoumywbheh ohychaiswbst:futashensd rRit RgaNONO
tert-phaosphine.is tri hydrocar byl phosphi ne, nore
Rﬁré %é%%ﬁfyw%ﬁk'Fh?aﬁ%ﬂﬁ@ﬁ8§?ﬂﬂq#§moF°tWﬁlﬁhkyhﬁMwagphine.
bBndddle aRHORESHdA8 j any foglaim, 1-7
T e e e AN R B R TR
teor vhiqho theetdren bsudidd mepramsnd. a%ivElenpr 0aRSS tuted

cRCEAN MR b ARYPNE LE,f! ai M 2-8 wherein the
m xture of at |east t'wo acids conprises

tri fifoPERBTIFaRESOTdimgi &0 atlisdmahditerreasi thehdvbagd a pKa
ibetween -3 and +3 selected froma sulfonic acid. 10.
The process according to any one of clains 1-9

wherein the r&io noles of nono tert gphosphine : nol es
of acidis 1 :1to5

1
P— X —P

wherein X is a bivalent hydrocarbyl group selected from
alkylene, cycloalkylene, and arylene, which may be
substituted, and R is H or a substituent selected from
alkyl, alkoxy, halogen, aryl, aralkyl and a carbonyl-
containing group.

6. The process according to any one of claims 1-5
wherein the group VIII metal is selected from Pd and Pt.
7. The process according to any one of claims 1-6
wherein the mono tert-phosphine is a
trihydrocarbylphosphine, more preferably a
triarylphosphine or trialkylphosphine.

8. The process according to any one of claims 1-7
wherein the acid with a pKa < +3 comprises
trifluoromethanesulfonic acid.

9. The process according to any one of claims 2-8
wherein the mixture of at least two acids comprises
trifluoromethanesulfonic acid and an acid having a pKa
between -3 and +3 selected from a sulfonic acid.

10. The process according to any one of claims 1-9
wherein the ratio moles of mono tert-phosphine : moles of
acid is 1.05 : 1 to 5 : 1.



